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In this issue 


Holes in solid state chemistry 

The general assumption that the anions 
in solids play a passive role as a 
structural matrix is examined by Jean 
Rouxel (page 31). Such a view is 
appropriate only when the sp electron 
bands lie very low compared to va¬ 
lence electron energy levels of the 
cations. When the situation is altered 
as, for example, in transition metal 
chalcogenides by either elevation of 
the sp band energies of the anions (by 
moving down the periodic table) or 
changing the orbital energies of the 
cations (by moving towards right in 
the periods of the transition elements), 
the d levels can indeed be made to 
penetrate into the sp energy bands. 
This leads d-sp redox reactions and 
fascinating structural and electronic 
phenomena. 

NbSe 3 is an example of the d-sp 
redox reactions which lead to forma¬ 
tion of charge density waves via 
structural effects. Formation of layered 
dichalcogenides with left side transi¬ 
tion elements (eg. ZrS^) and pyrites 
and marcasites with right side transi¬ 
tion elements (eg. MnS^) are conse¬ 
quences of electron transfer from sp to 
d bands and consequent variation in 
interanionic distances, sp bands can be 
positioned deliberately which can con¬ 
trol the properties of the resulting 
materials. Thus by changing the 
chalcogen from S to Te one observes 
TiS^, TiSe^ and TiTe 2 behave respec¬ 
tively as a semi-conductor, a semi¬ 
metal and a metal. De-populating anti¬ 
bonding sp states by introducing low 
energy d states leads ultimately to 
complete anion polymerization as it 
happens in IrTe. Anion-anion dis¬ 
tances are also found to vary linearly 
as a function of electron transfer from 
the sp level. 

Control over the sp-d energies can 
open soft chemical (chime douce) 
routes to perform redox reactions, for 
example, Cu’^ can be intercalated into 
CuCr^S^ or Na^ ions intercalated into 


CrSe 2 . It is also possible to see why 
de-intercalation of Cu^ is possible in 
CuTi^S^ (a cation mixed valence sys¬ 
tem) while it is not so in CuCr^S^ 
(which is a anionic mixed valence 
system) using the above concepts. The 
d-sp redox reactions are also responsi¬ 
ble for formation of non-stoichiometric 
compounds like and TiQ 5 PS 3 . 

Creation of holes in anionic sublattices 
and stabilization of unusual structures 
such as those of SiQ 25 CrS 2 and P 02 VS 2 
are similarly understood from relative 
positioning of d and sp bands and 
electron donation from Si and P. 

K. J. Rao 


Climatic see-saw in Southern 
India: Unravelling the alterna¬ 
ting moist and arid epochs 
during the last 40,000 years 

In a multi-institutional, multi-discipli¬ 
nary study involving rather close co¬ 
operation between ecologists, physi¬ 
cists and paleobotanists reported on 
page 60 of this issue, R. Sukumar 
and colleagues describe how the cli¬ 
mate of the Nilgiris fluctuated rather 
dramatically between moist and arid 
epochs during the last forty thousand 
years. 

The starting point of this analysis is 
the collection of peat samples from the 
walls of 2-3 meters deep pits dug in 
the valleys or basins at suitable loca¬ 
tions in the Nilgiris. Peat is formed by 
regular deposition of plant material 
over thousands of years; the deeper 
portions therefore correspond to older 
epochs. Using radiocarbon dating, 
based on the amount of ^'^C, it was 
possible to determine the age of the 
plant material at various depths, and 
the peat samples were found to span a 
period from about four hundred years 
to forty thousand years before present 
(40 kyr BP). 


The naturally occurring carbon also 
contains the isotope in a small 
amount. This is ‘fixed’ during photo¬ 
synthesis by different types of plants 
to a different extent. Dicots and 
temperate grasses (C3 plants) have a 
lower proportion of in them com¬ 
pared to tropical grasses and sedges 
(C4 plants). By estimating the propor¬ 
tion of at different depths in the 
peat samples, it is possible to estimate 
the relative proportions of C3 and C4 
plants at different periods in the past. 
It is known that the C3 plants mainly 
prefer regions of high moisture while 
the C4 plants dominate at low mois¬ 
ture regimes. The proportion of at 
different depths thus allows us to infer 
the moist/dry status of the climate 
during different periods in the past. 

Using these techniques, Sukumar 
and co-workers have confirmed their 
earlier findings - an arid period from 
2 kyr BP to about 5 kyr BP, which was 
a sharp change from a moist climate 
which had peaked around 9 kyr BP. 
The new results presented in the article 
describe how the moist phase of C3 
dominance at 9 kyr BP was replaced 
with high C4 dominance at 16 kyr BP 
- again a sharp change to relatively 
arid conditions. There was a gradual 
return of moist conditions up to 
28 kyr BP, and again a shift to aridity 
to 40 kyr BP. The authors also point 
out how the climatic changes in the 
Nilgiris (and in the southern Indian 
tropics) seem to have been in tune with 
the global climatic change - a signifi¬ 
cant finding in view of the anticipated 
global warming scenario. 

N. V. Joshi 


Fighting an invisible enemy 

Viruses, bacteria and more complex 
pathogenic organisms have evolved 
sophisticated and remarkably efficient 
mechanisms to evade immune surveil¬ 
lance, making vaccine development a 
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Deteriorating higher education: Heavy price for inaction 


It is beyond doubt that the higher edu¬ 
cation system (the colleges and the uni¬ 
versities) has deteriorated considerably in 
recent times. There are many reasons for 
this downfall. While most often this 
downfall has been ascribed to factors 
outside the given institution itself (like 
poor funding and the consequent inade¬ 
quate infrastructure etc.), the impeding 
factors that originate from within the 
institution have often not been seriously 
considered. Bardhan’s letter (Cwrr. Sci, 
1997, 72, 689) about situation in univer¬ 
sities has brought to focus one such very 
serious factor that contributes to declining 
academic standards. 

The purpose of a university is not just 
to teach, examine and award degrees to 
its students, but to also create new 
knowledge through research. Theoreti¬ 
cally, research continues to be an impor¬ 
tant component of the university system 
since all appointments and promotions 
seem to rely on ‘research activity’ of the 
candidate. However, in real practice, this 
emphasis on ‘research activity’ is on quan¬ 
tity rather than quality. As a result, we 
have the most unfortunate situation where 
majority of university teachers are really 
not serious researchers and therefore, the 
exponentially declining rate at which new 
knowledge is being generated in our uni¬ 
versities has not received the alarming 
attention that it needs. It is just being 
taken as another ‘fact of life’. 

One would not agree to Bardhan’s sug¬ 


gestion, which has apparently resulted 
from the anguish and frustration of a 
sincere person, that those institutions 
which cannot provide adequate academic 
ambience, should be debarred from 
receiving funds for research etc. Actually 
that would be repeating the same mistake 
that he has pointed out! Similarly, one 
would also not like to accept the sincere 
advice of well-wishers in research insti¬ 
tutions to their serious teacher and 
researcher colleagues in the university 
system to move to ‘better’ places. 
Although such steps may, for the time 
being, eliminate the source of frustration 
for sincere teachers and researchers, these 
will pronounce the death sentence for 
any academic activity in universities. If 
the universities and colleges do not func¬ 
tion as they should, none of the other 
research and technological institutions can 
survive very long. 

What is necessary is that the agencies 
that provide the support and the bodies 
like UGC, who have to monitor and 
regulate institutions of higher learning, 
must not remain mute spectators just 
because universities etc. are autonomous 
bodies. A glaring example of the so-called 
‘autonomy’ of colleges and universities 
can be seen in the ‘who cares’ attitude 
of nearly all teaching institutions in our 
country to UGC’s ‘directive’ of a mini¬ 
mum of 180 teaching days in an academic 
year. With so many scheduled (and 
unscheduled) holidays and vacations (and 


the additional sine-die vacations!), one 
wonders if any university or college really 
has a teaching calendar of 180 days. But 
the UGC has never stepped in to see 
that its directive is followed or at least 
some serious attempt is made for its 
being followed. 

All those who are seriously concerned 
with maintenance and improvement of 
academic standards and values need to 
take the issues in right earnest rather 
than glossing over it because of the ‘it 
does not concern me’ attitude! Therefore, 
it is necessary that more effective and 
positive monitoring of the academic and 
other activities of ‘autonomous’ bodies 
like universities is practised by the various 
academies, the funding agencies and the 
UGC. If they cannot and if the institution 
itself is not willing to take steps to 
improve, we may be forced to pay heed 
to Bardhan’s anguished suggestion of total 
stoppage of research (and other creative) 
activities and pay a very heavy price for 
our inaction! 


S. C. Lakhotia 


Cytogenetics Laboratory, 
Centre of Advanced Study, 
Department of Zoology, 
Banaras Hindu University, 
Varanasi 221 005, India 


Microbial pathogens - Identification and surveillance 


The ‘Plague epidemic of 1994’ {Curr. 
Sci.y 1996, 71, 781-808) made an ab¬ 
sorbing account of how the etiologic agent 
of Surat epidemic was finally nailed down 
by a group of researchers under the able 
stewardship of V. Ramalingaswami along 
with inputs from international experts. 
From this account two inferences can be 
drawn: one, our expertise in isolation and 
identification of uncommon/unconven¬ 
tional microbial pathogens is far from 
satisfactory, a point already well empha¬ 
sized . Secondly, at times, because of a 


variety of reasons, unequivocal identifi¬ 
cation of a microbial pathogen may pose 
formidable problems even if the pathogen 
happens to be one discovered long back. 
Thus, one can very well imagine the 
problems in isolation and identification 
of newly emerging or exotic microbial 
pathogens. I wonder how much expertise 
our microbiological laboratories have in 
identification of pathogens like Leptospira 
(causing leptospirosis) and Burkholderia 
pseudomallei (melioidosis), both of which 
are considered to be emerging pathogens 


in India^. This applies, as well, to Yersinia 
enterocolitica (gastroenteritis) and Cryp¬ 
tosporidium (persistent diarrhoea), both 
of which are considered to be emerging 
pathogens in several parts of the world^’"^. 
Thus the need to develop our own labo¬ 
ratories with state-of-the-art facilities for 
isolation and identification of microbial 
pathogens cannot be overemphasized. 
Such facilities will help not only in the 
isolation and identification of microbial 
pathogens but also myriads of microor¬ 
ganisms which may have industrial. 
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agricultural and environmental applica¬ 
tions as there is already a lot of excitement 
about the staggering diversity^ of micro¬ 
organisms. Karl Woese has already pre¬ 
dicted that future of microbiology lies in 
the exploration of its diversity^. 

A word about surveillance as a means 
to combat emerging and re-emerging 
microbial pathogens. It is heartening to 
know that a National Apical Advisory 
Committee (NAAC) for National Disease 
Surveillance and Response System has 
been established^. Apart from epidemio¬ 
logical studies in humans, surveillance of 
environment would be an integral part 
of such a programme. The role of chang¬ 
ing environment in emerging and 
re-emerging microbial threats has been 
emphasized^ and in this regard I 
quote - ‘Unlike classical epidemiological 
focus on attack rates and human popu¬ 
lations, understanding emerging infectious 
diseases will require a broader focus on 


ecosystem dynamics, including climate 
variables, habitat characteristics, and host 
and vector species populations, aside from 
human disease parameters^’. It is impor¬ 
tant to emphasize here that surveillance 
of water and food should be given in¬ 
dependent considerations and not as part 
of the environment as a whole. In support 
of this argument I would like to mention 
that an environment surveillance unit was 
established in 1995, in the Communicable 
Disease Surveillance Centre (CDSC) by 
Public Health Laboratory Service under 
the National Health Scheme of UK for 
coordinating food, water and the envi¬ 
ronmental surveillance and for relating 
these data to reports of human infec¬ 
tions 

1. An overview of the work carried out by 
the Technical Advisory Committee on 
plague, Cun. ScL, 1996, 71, 783-786. 

2. John, T. J., Indian J. Med. Res., 1996, 
103, 4-18. 


Medical research in India 


Subbiah Arunachalam (Curr. Sci., 1997, 
72, 912-922) states that medical research 
in India is not related to the areas of 
maximum mortality and morbidity. He 
also states that matching ICMR pro¬ 
grammes with the health care delivery 
objectives of the Department of Health 
and Family Welfare would be revealing. 
These statements require critical - exami¬ 
nation. The author seems to have fallen 
into the familiar trap set by medico- 
politicians who seek to justify the in¬ 
activity of the Government in the field 
of Public Health, by putting the blame 
on medical researchers. 

Mortality and morbidity in India is 
mostly due to communicable diseases like 
infectious diseases, diarrhoea, infantile 
malnutrition, respiratory diseases, tuber¬ 
culosis and malaria. All these diseases 
are controllable and have been controlled 
in many countries by applying the avail¬ 
able techniques. Nutrition, food, protected 
water supply, noncontamination of water 
sources, drainage and cleanliness in food 
handling, etc. will wipe away these dis¬ 
eases. No research is needed in these 
areas to abolish these diseases and reduce 
morbidity and mortality. What is required 


is public, political and administrative 
action and not research. But to satisfy 
the political masters - the masters who 
hold the purse strings of the ICMR - who 
do not act to prevent these diseases but 
palm the baby off saying the research is 
needed, the Council has launched on what 
is called operational research, e.g. What 
is the best way of giving vitamin A to 
the children? What is the best way of 
swatting a mosquito? Such research 
undertaken to satisfy the masters who 
have no political will to control infectious 
diseases is wasteful and unproductive. 

Except in some areas of resurgent 
malaria and recurrent tuberculosis, re¬ 
search into preventable communicable ill¬ 
nesses is not necessary. Hence we should 
not fall into this oft-repeated slogan that 
research in India is not being done in 
the relevant areas. The same holds good 
for the control of ophthalmic diseases 
and blindness. Why not apply the avail¬ 
able knowledge and cure glaucoma and 
blindness instead of asking for research? 

It is not fair to compare agricultural 
research and medical research in India. 
In medical research in the relevant areas 
of maximum morbidity and mortality. 


3. Ostroff, S., Contrib, Microbiol. Immunol., 
1995, 13, 5-10. 

4. Soave, R., Clin. Infect. Dis., 1995, 21, 
63-64. 

5. Service, R. F., Science, 1997, 275, 1740- 
1742. 

6. Woese, C. R., Microbiol Rev., 1994, 58, 1-9. 

7. Ramalingaswami, V., Curr. ScL, 1996, 71, 
805-806. 

8. Ramalingaswami, V., Curr. Sci., 1996, 70, 
1050-1056. 

9. Patz, J. A., Epstein, P. R., Burke, T. A. 
and Balbus, J. M., JAMA, 1996, 275, 217- 
223. 

10. Public Health Laboratory Service, London, 
New ScL, 1997, 153, 80. 


J. S. ViRDI 


Department of Microbiology, 
University of Delhi South Campus, 
Benito Juarez Road, 

New Delhi 110 021, India 


knowledge was available and was not 
applied; whereas in the case of agriculture, 
a whole vista of new knowledge with 
relevance to Indian conditions lay waiting 
to be explored. 

The medical research in India has 
thrown light on many areas like diabetes, 
cerebro and cardiovascular diseases, spe¬ 
cial types of cancers peculiar to India 
and neurosciences. 

Valiathan’s comment on Indian re¬ 
search, though appearing relevant, is too 
strong and not applicable at least to medi¬ 
cine. In the surgical field, the difficulty 
for Indian surgeons to achieve a break¬ 
through in techniques lies in the fact that 
there has been no industrial or mechanical 
backup for any new idea that the Indian 
surgeon may want to develop. If a surgeon 
wants to improve or make a new instru¬ 
ment, he just may not have anybody to 
turn to. The manufacturer wants an as¬ 
surance from the surgeon that at least 
2000 pieces will be sold! This has been 
my own experience. Luckily Valiathan 
had the backup of an institution where 
he could make appliances to his specifi¬ 
cation and try them out. 

Lastly the most important thing in medi- 
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cal research or any other type of Indian 
research is that the atmosphere of ques¬ 
tioning is lacking from the very beginning 
of education. When all education is 
memory-based and questioning by stu¬ 
dents is positively discouraged from early 
childhood, how can the country expect 
researchers to bloom when they enter 


universities or research institutions? If 
there is still so much good research in 
India, this is despite the system of edu¬ 
cation and despite the ignorant political 
masters who have no concept of the 
importance of research for the overall 
development of the country in the modem 
era of science and technology. So after 


all Valiathan’s statement may have some 
justification!! 

B. Ramamurthi 

Dr Achanta Lakshmipathi 
Neurosurgical Centre, 

Voluntary Health Services, TTTI Post, 
Chennai 600113, India 


NEWS , 

Scientific Advisory Committee to the Cabinet 


The Government of India has constituted 
a 35-member Scientific Advisory Com¬ 
mittee to the Cabinet (SAC-C) under the 
chairmanship of C. N. R. Rao (Jawaharlal 
Nehru Centre Ibr Advanced Scientific 
Research, Bangalore) with the following 
terms of reference. 

1. Tendering advice on the implementa¬ 
tion of Science and Technology policy 
of Government. 

2. Identifying and recommending meas¬ 
ures which would enhance the country’s 
technological self-reliance, with particular 
reference to Government’s policy on for¬ 
eign collaboration and import of techno¬ 
logy. 

3. Considering policy issues relating to 
the development and application of Sci¬ 
ence and Technology which may be 
referred to it by the Prime Minister or 
by the Cabinet Committee on Science & 
Technology. 

4. Considering organisation aspects of 
S&T organisations/institutions, including 


measures to provide adequate linkages 
between the scientific community, edu¬ 
cational institutions, R&D establishments, 
industry and governmental machinery, and 

5. Considering - a) filling critical gaps in 
national competence; b) promoting tech¬ 
nical cooperation among developing coun¬ 
tries; c) emerging changes from inter¬ 
national competitiveness in S&T and also 
in industry and commerce; d) meeting 
and anticipating the conflicts that arise 
in society because of new technologies, 
and e) other issues concerning science in 
international relations. 

The other members of the committee 
are: A, K. Basu (Society for Rural In¬ 
dustrialization, Ranchi), V. P. Bhatkar 
(CDAC, Pune), Asis Datta (JNU, New 
Delhi), R. Gadagkar (IISc, Bangalore), 
Ashok Ganguly (ICI, New Delhi), Indira 
Nath (AIIMS, New Delhi), S. S. Jha 
(TIFR, Mumbai), Pradip Khandwala (IIM, 
Ahmedabad), G. Mehta (University of 
Hyderabad), R. Narasimha (IISc, Banga¬ 


lore), Parvinder Singh (Ranbaxy, New 
Delhi), S. Ramani (National Centre for 
Software Technology, Mumbai), M. M. 
Sharma (University of Mumbai), Bikash 
Sinha (SINP, Calcutta), K. K. Subra- 
maniam (Centre for Development Stud¬ 
ies, Thiruvananthapuram) and Vijay S. 
Vyas (Institute of Development Studies, 
Jaipur). 

The ex-officio members are: Secretaries 
to the Departments of Science and Tech¬ 
nology, Space, Atomic Energy, Electron¬ 
ics, Ocean Development, Biotechnology, 
Agricultural Research and Education, 
Non-Conventional Energy Sources, Sci¬ 
entific and Industrial Research, Industry, 
Education, Environment and Forests, and 
Rural Development; Scientific Adviser to 
Defence Minister; Director-Generals of 
CSIR, ICAR, ICMR; Secretary, Depart¬ 
ment of Expenditure; Secretary, Planning 
Commission; Secretary, Ministry of Wel¬ 
fare; and Secretary (Co-ordination) of 
Cabinet Secretariat. 


Commercial R&D companies to enjoy tax holiday 


Through a little-noticed incentive that 
should attract retired scientists and other 
technical personnel wishing to cash-in on 
their experience in R&D, the Union 
Budget for 1996-97 introduced a provi- 


Further details on, and applications for seeking 
approval of, commercial R&D companies can 
be had from the Adviser (RDI), Department 
of Scientific & Industrial Research, Ministry 
of Science & Technology, Technology Bhavan, 
New Mehrauli Road, New Delhi 110 016, 


sion of a 5-year tax holiday under Sec. 
80-1A of Income Tax Act, 1961 to 
approved companies engaged in scientific 
and industrial research and development 
activities on commercial lines. This 
incentive will be available to any company 
organized as an industrial-service enter¬ 
prise that has as its main business 
objective the provision of scientific and 
industrial research and development serv¬ 
ices (‘commercial R&D companies’). 


The tax holiday shall be available to 
any company, whether new or existing, 
which is accorded approval by the Pres¬ 
cribed Authority (Secretary, DSIR) at any 
time before 1 April 1998. The 100% 
deduction for a 5-year period shall com¬ 
mence from the assessment year relevant 
to the previous year in which the approval 
by the prescribed authority is accorded 
to such a company. The above provision 
took effect on 1 April 1997 and will, 
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accordingly, apply in relation to the tax- 
assessment year 1997-98 and subsequent 
years. 

Commercial R&D companies qualifying 
for approval by DSIR are expected to 
be engaged in industrial research and 
development activities, i.e. research, 
design, development and engineering. The 
R&D would include efforts for product 
development, process development, design 
development, process improvement, quality 
improvement, cost reduction, export pro¬ 
motion, import substitution, development 
of new techniques and technologies, de¬ 
sign and engineering, testing, analysis and 
evaluation in relation to these efforts, 
discovering new methods for tests and 
analyses, productivity improvement re¬ 
search, research in improving the effi¬ 


ciency in use of natural resources and 
industrial wastes, capital equipment and 
materials development, fuel efficiency, en¬ 
ergy conservation, pollution management 
and mitigation, recycling of wastes, re¬ 
search for efficient use of scarce materials, 
research in new and frontier areas, dis¬ 
covery of new molecules and synthesis 
of new compounds, software develop¬ 
ment, prototype development, etc. 

The commercial R&D companies are 
expected to be registered companies in 
the small, medium or large-scale sector. 
They will function on lines identical to 
any other registered company under the 
rules and regulations applicable to such 
companies. The output from the commer¬ 
cial R&D companies will be industrial 
know-how and technology including 


associated intellectual property rights, 
whether legally-protected or otherwise, 
and not in the form of products offered 
for commercial sale. 

Approved commercial R&D companies 
shall not be engaged in any kind of 
manufacturing activity or undertake any 
routine testing and analysis activities 
which are not regarded as R&D activities. 
There should be clearly defined teams of 
researchers for undertaking the research 
programmes and also for transfer of tech¬ 
nologies/know-how generated in these 
commercial R&D companies. The com¬ 
panies should also identify well-defined 
research programmes with clearly defined 
goals. Such companies can also undertake 
sponsored research programmes from 
other agencies on commercial lines. 


National seminar on conservation of endangered species and 
ecosystems: Biotechnological and ecological approaches - A report 


A national seminar on ‘Conservation 
of Endangered Species and Eco¬ 
systems: Biotechnological and Ecological 
Approaches’ was organized jointly by 
the Department of Botany (Centre of 
Advanced Study), Banaras Hindu Univer¬ 
sity, Varanasi, and Ecotransformation: 
Center for Environment and Rural 
Upliftment, Delhi, during 5-7 December 
1996. The seminar, held at the Department 
of Botany, Banaras Hindu University, 
attracted participants from all over the 
country; thirty-two presentations, includ¬ 
ing two special lectures and five key-note 
addresses, were made. J. S. Singh, the 
chairman of the seminar, expressed con¬ 
cern over the alarming rate at which the 
ecosystem degradation has occurred glo¬ 
bally during the present century. Of the 
multitude of anthropogenic activities con¬ 
tributing to ecosystem degradation, ever- 
increasing shrinkage of forest cover, land 
degradation and emission of pollutants 
are of paramount importance. These 
activities have not only led to the loss 
of species and strains of medical, agri¬ 
cultural and industrial importance, but 
have impaired natural ecological processes 
crucial to our well-being and have affected 
the resilience of these systems. Restora¬ 
tion of species and rehabilitation of de¬ 
graded ecosystems will together help in 


maintaining or enhancing biodiversity and 
environmental quality. The presentations 
encompassed the focal themes of the semi¬ 
nar: survey and monitoring of terrestrial 
and aquatic ecosystems; concepts and 
strategies for restoration of degraded eco¬ 
systems; conservation of threatened spe¬ 
cies; in situ and ex situ conservation of 
crop genetic resources; environmental 
impact assessment of development 
projects; afforestation and wasteland 
management; and utilization of microbes 
for environmental protection. 

R. R. Rao (National Botanical Research 
Institute), while giving an account of the 
problems of conservation of endangered 
plant species, mentioned that 20-25% of 
existing plant species of India are endan¬ 
gered. Species made rare by anthropo¬ 
genic activities deserve more attention 
than species that are naturally rare. In 
order to conserve endangered species, the 
following steps were recommended: ex¬ 
tensive species-specific surveys, regular 
assessment and monitoring, distribution 
map and quantitative data on endangered 
species, and continued publication of red 
data book. Citing Parthenium hystero- 
phorus as an example, he discussed how 
one species can endanger other plant spe¬ 
cies and disturb the entire plant commu¬ 
nity. Based on a survey of 167 sacred 


groves of Kerala, M. Rajendra Prasad 
(Tropical Botanic Garden and Research 
Institute) presented data on the pattern 
of biodiversity and the factors controlling 
it. Almost 65% species occurring in these 
areas fall under ‘rare’ category. Topogra¬ 
phy and anthropogenic activities have an 
important bearing on the floristic diversity 
of these groves. There is a great deal of 
similarity in floristic diversity of sacred 
groves of Kerala. In a similar study, 
Subrata Sharma (G. B. Pant Institute of 
Himalayan Environment and Develop¬ 
ment) discussed a metliod developed by 
the early settlers of the central Himalaya 
for the conservation of plant resources. 
This method involves identifying a wor¬ 
ship point, which is often a tree, and 
defining a small area around this point 
where no human interference is allowed. 
It appears that these religious points were 
established as a mechanism of in situ 
germplasm collection centers for the con¬ 
servation of resources, and to provide the 
‘elite’ stock material for future multi¬ 
plication. U. Dhar (G. B. Pant Institute 
of Himalayan Environment and Develop¬ 
ment) gave details about the distribution 
of certain endemic species in the Hima¬ 
layan region and discussed the conserva¬ 
tion strategies with special reference to 
the Himalayan endemics. He advocated 
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for emphasis on the habitat characteristics 
and population size while classifying any 
species as endangered. Certain species 
may occur only in localized habitats and 
their conservation should get top priority. 
For future studies, focus be laid on iden- 
tification, mapping, selection and priori¬ 
tization of endangered species. 

G. Kallu (Project Directorate of Vege¬ 
table Research) pointed out significance 
of wild relatives of vegetable plants as 
these have proven extremely helpful in 
transferring disease/pest resistance to 
commercially important vegetable crops. 
It is of great concern that many of these 
plants are disappearing rapidly, altliough 
it is imperative to conserve them for 
improving existing varieties. Similar 
views were echoed by U. P. Singh 
(Banaras Hindu University) for conserv¬ 
ing biodiversity of horticultural crops. 
P. S. Yadav (Manipur University) dis¬ 
cussed various strategies for conserving 
Lilium macklineae, a threatened lily, en¬ 
demic to the Shiroy hill ranges in the 
Ukhrul district of Manipur. 

B. B. Singh (National Bureau of Plant 
Genetic Resources) articulated the efforts 
currently being made by NBPGR in col¬ 
laboration with active germplasm sites, 
crop-based national institutes and state 
agricultural universities, to collect, char¬ 
acterize, evaluate and conserve germplasm 
seeds of crops and endangered species, 
Dry seeds can be kept at room temperature 
or -20°C for short- and long-term sto¬ 
rage, respectively. Seeds of more than 
155,000 accessions have been conserved 
as the base collection with the National 
Gene Bank. 

Medicinal plants of India are threatened 
due to their ever-increasing demand, es¬ 
pecially in the Indian system of medicine, 
over-exploitation by the manufacturing 
sector, destruction of habitat, and unsus¬ 
tainable harvesting practices. N. C. Jain 
(University of Delhi) reported that the 
existence of over 35 native medicinal 
plants has been threatened in India, there 
may be many more species which are 
facing a similar threat. S. Dwivedi (Cen¬ 
tral Institute of Medicinal and Aromatic 
Plants) appraised the efforts currently un¬ 
derway at his institute for ex situ con¬ 
servation of these plants and for studying 
their conservation biology (reproductive 
mechanism, large scale propagation 
mechanism including micropropagation, 
appropriate size and season for harvesting 
the plant propagule for the alkaloid). 


R. P. Shukla (Gorakhpur University) 
discussed the role of six woody shrubs 
belonging to the genus Desmodium (D. 
triangulare, D. pulchellum, D. heterocar- 
pon, D. gangetieum, D. triquertum and 
D. latifolium) in improving nitrogen status 
of soil and in contributing towards al¬ 
pha-diversity of the sal community. 

Several participants presented their 
results relating to micropropagation of 
threatened species. S. P. Vij (Punjab Uni¬ 
versity) pointed out that of nearly 1200 
species of orchids found in India, more 
than 25% are endemic. Many Indian or¬ 
chids are becoming endangered due to 
habitat destmction and pressure from 
commercial collectors. He stressed the 
need of mass propagation for relieving 
anthropogenic pressure from orchid popu¬ 
lations growing in nature. In conclusion, 
he observed that the procedure for 
replenishing our natural stocks using in 
vitro-mistd plants is still to be developed. 
A. Gangaprasad (Tropical Botanic Garden 
and Research Institute) discussed micro¬ 
propagation and reintroduction of Ipsea 
malabarica and Vanda spathulata^ the 
two exquisite orchids of the Western 
Ghats. The most important part of the 
study was reintroduction of the micro- 
propagated plants on the host trees in 
the Silent Valley National Park in Palak- 
kad district and Ponmudi reserve forest 
in Thiruvananthapuram. 

Strategies for micropropagation of Ba- 
copa monniera (common name ‘brahmi’), 
a threatened medicinal plant, were dis¬ 
cussed at length by Gayoor Ali (Hamdard 
University). M. Hasseb Mughal (Hamdard 
University) pointed out difficulties in 
maintaining and propagating trees of 
Butea monosperma, a well-known medi¬ 
cinal plant, through conventional means. 
He presented a method for in vitro mass 
propagation of this tree species. Mass 
propagation of tree species through 
biotechnological means was discussed by 
Prabhakar Dubey (Forest Research Insti¬ 
tute). He recounted the high and low cost 
technologies currently being employed at 
different forest nurseries, including Forest 
Research Institute at Kanpur. According 
to him, it should be possible to multiply 
the planting stock of some of the species 
5 to 6 times in a year with a moderate 
input. However, he stressed the need to 
further improve methodologies for differ¬ 
ent species. 

Several participants discussed the im¬ 
pact of environmental perturbation on 


organisms and ecosystems. P. K. Mishra 
(Vinoba Bhave University) reA’ealed that 
the pattern of vegetation in coal mine 
areas of Dhanbad is markedlj' different 
from the undamaged site. Farthenium 
hysterophorus may become a potential 
danger to the native vegetation of these 
areas. Analysis of the structure of plant 
community of the Valley of Flowers 
National Park and adjacent areas by C. P. 
Kala (Wildlife Institute of India), showed 
higher species diversity in the Valley of 
Flowers due to its landscape diversity 
and protection from grazing. V, P. Bhat- 
nagar (Dayalbagh Educational Institute) 
reported that due to immense biotic pres¬ 
sure, the natural flora and the edaphic 
components of the floodplain ecosystems 
are being increasingly disturbed. He also 
suggested ways to mitigate further dete¬ 
rioration of such natural ecosystems. 

Two papers were devoted to mecha¬ 
nisms of stress tolerance in plants. P. K. 
Rai (Banaras Hindu University) showed 
that development of acid tolerance in 
Chlorella vulgaris occurred due to 
increase in ATPase activity, accumulation 
of betaine and other metabolic changes. 
Acid tolerance also led to tolerance 
against metal ions due perhaps to their 
repulsion. Ritambhara G. Kumar (Banaras 
Hindu University) discussed cadmium 
toxicity and tolerance in rice. She related 
cadmium tolerance to accumulation of 
osmolytes (like proline and glycine 
betaine), and formation of an ISkDa 
Cd-inducible protein. 

A number of papers were devoted to 
rehabilitation of endangered ecosystems 
and improvement of environmental qua¬ 
lity. Usefulness of perennial plant species 
for the development of wastelands was 
stressed by G. Prabhakar Rao (Rubber 
Research Institute of India). Conifers, 
teak, semul, sal, deodar, poplar, mahua, 
acacia, bamboo, eucalyptus, jackfruit, 
tamarind, cashewnut, palm, neem and rub¬ 
ber are some of the plant species identified 
for this purpose. He recommended the 
use of stress-resistant crops to suit the 
specific requirement for various types of 
wastelands. Pawan Kumar (Indore) 
apprised of the steps already taken to¬ 
wards revegetation of the huge wasteland 
of the catchment of Narmada river. He 
pointed out the primary and secondary 
benefits of the project, predicting sub¬ 
stantial improvement in the agricultural 
and forest wealth of the area. Potential 
of Eichhomia crassipes as a green manure 
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for rice cultivation was elaborated by 
R. P. Singh (Banaras Hindu University). 
A saving of 40 kg N ha"^ was observed 
by using Eichhornia leaf as green manure 
at 10 tons ha~^ Three papers were devoted 
to use of microorganisms for the removal 
of pollutants. Arvind Kumar (Banaras 
Hindu University) described a strain of 
Pseudomonas capable of degrading phenol 
as well as acrylamide. V. Mishra (Delhi 
University) demonstrated degradation of 
phenol and BHC (an insecticide) by 
Nocardia sp. and Sphingomonas pauci- 
mobilus, respectively. Santa Singh 
(Banaras Hindu University) discussed the 
use of microalgae for stripping toxic 
metals from wastewaters. Immobilized 
algae and encapsulated Microcystis were 
found to have exceptionally high metal¬ 
binding abilities. 

The following recommendations were 
made: (i) Mass awareness campaigns be 
launched with a larger participation of 
school/college students, NGOs and mass 
media, (ii) Conventional and biotech¬ 
nological methods be adopted to save the 


existing population of species listed as 
threatened or known to be sensitive, (iii) 
Management of national parks, wildlife 
sanctuaries and biosphere reserves be 
done in a more effective manner, keeping 
in view also the needs, aspirations and 
concerns of local people, (iv) Restoration 
of natural populations can be promoted 
only by acquiring information on floris- 
tics, populations, reproductive biology, 
genetic diversity, microclimatic condition 
and structure and functioning of ecosys¬ 
tems. Three or four multidisciplinary cen¬ 
ters be created for training people in the 
above aspects. Such centers should be 
located at places, like the Botany 
Department of Banaras Hindu University, 
widely known for its infrastructural 
focilities and expertise. These centers 
should also be involved in mass awareness 
campaigns, (v) There should be greater 
cooperation between universities and 
institutes for conserving species and eco¬ 
systems. (vi) Multidisciplinary courses on 
conservation biology at the post-graduate 
level be started at select universities and 


Chronobiology hits pay dirt: The identification 
first circadian clock gene in mammals 


M. AT. Chandrashekaran 

The first recorded circadian rhythm was 
for the ‘sleep’ movements of the leaves 
of the tamarind tree by the Greek phi¬ 
losopher Androsthenes when he joined 
Alexander the Great in his march on 
India in the fourth century BC. Two 
hundred years ago Lamarck had con- 
stmcted a ‘floral clock’ based on his 
knowledge of opening of flowers at dif¬ 
ferent hours of day. The French astrono¬ 
mer de Mairan performed in 1729 a 
blemishless experiment in the modem 
experimental tradition and established that 
the closing and opening leaf movements 
of the touch-me-not plant Mimosa pudica, 
were endogenous. He removed M. pudica 
plants into, a deep cave and demonstrated 
that the sleep movements persisted in the 
continuous darkness of the cave*. Buen- 
ning^ demonstrated through means of 
crossing experiments that the daily 
rhythms in the sleep movements of the 


leaves of the bean plant Phaseolus mul- 
tiflorus were heritable, i.e. had a genetic 
basis. Thus, there were early and con¬ 
vincing leads pointing to the genetic basis 
for the ubiquitous circadian rhythms (from 
the Latin circa and dies (day) and not 
diem as most authors writing in English 
write, e.g. ref. 3) which characterize the 
behaviour and physiology of organisms 
from fungi to humans. It will be of much 
interest to the students of the history of 
scientific ideas that until about 1960, 
even to proclaim the existence of an 
endogenous diurnal rhythm was regarded, 
even by some well-known biologists, as 
subscribing to a mystical or metaphysical 
notion. It was with the symposium on 
Biological Clocks (1960) held at Cold 
Spring Harbor, New York, with E. Buen- 
ning in the Chair, that an era of intensified 
experimental work was ushered in. Today 
several laboratories the world over are 


institutes including the Banaras Hindu 
University, (vii) Static and predictive 
inventories of biodiversity for various 
regions be prepared. Environmental ‘hot 
spots’ be identified and their biodiversity 
assessed, (viii) Botanical gardens for ex 
situ conservation be set up in various 
phytogeographical regions, (ix) Appro¬ 
priate technologies be evolved for 
managing species diversity of small pro¬ 
tected systems (patches), (x) Taxa which 
are not only threatened but have economic 
potential as well be prioritized, (xi) Wild 
relatives of cereal, fruit, and vegetable 
plants be conserved, (xii) Site-specific 
technologies be developed for rehabilita¬ 
tion and restoration of degraded/derelict 
ecosystems. 


R. S. Upadliyay, J. P. Gaur and V. S. 
Jaiswal, Department of Botany, Banaras 
Hindu University, Varanasi 221 005, 
India. 


RESEARCH NEWS 
and cloning of the 


working on the molecular biology and 
behavioural expressions of circadian 
rhythms. With customary foresight The 
National Science Foundation in the USA, 
has established a full fledged Center for 
Biological Timing. This Center brings 
together geneticists, molecular biologists, 
endocrinologists and statisticians from 
Brandeis University, Rockefeller Univer¬ 
sity, Northwestern University and the Uni¬ 
versity of Virgin a. 

Defining features of all circadian 
rhythms are (i) persistence in constant 
light (LL) or darkness (DD) with a circa 
24 hour period, (ii) compensation of pe¬ 
riod in the face of changes in temperature 
and (iii) entrainability to LD cycles. The 
importance of circadian rhythms in human 
physiology and well-being is now widely 
recognized. The human circadian system 
is directly implicated in jetlag, shift work, 
space travel, sleep disorders, endogenous 
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depression and seasonal affective dis¬ 
orders. Knowledge of physiological pro¬ 
perties of circadian rhythms has already 
paved the way to successful amelioration 
of the symptoms of these various dis¬ 
orders. Therefore, better understanding of 
the fine-structure of cellular and molecular 
mechanisms of circadian clocks holds 
great promise for the development of 
non-invasive, innovative treatment strate¬ 
gies for a wide range of clinical disorders 
ranging from insomnia through incidence 
and timing of heart attacks and asthma. 

The three diagnostic characteristics of 
circadian rhythms are widely shared 
among organisms from fungi to mammals, 
suggesting that the circadian organization 
is evolutionarily an ancient and highly 
conserved process, and that different 
organisms may have similar clock mecha¬ 
nisms. In the meantime, the occurrence 
of circadian rhythms in mammals has 
been recognized to be so widespread that 
a publication on sleep arrhythmia in the 
eusocial naked mole rat claims This 
naked mole rat Heterocephalus gaber is 
the only (emphasis added) wild mammal 
that does not regularly exhibit circadian 
sleep-wake cycles’I 

Circadian clock genes 

The circadian rhythms of Drosophila and 
Neurospora have been intensively studied. 
These organisms offer the advantages of 
powerful genetic analysis and of circadian 
rhythms that are easily monitored (loco¬ 
motor activity and timing of eclosion in 
Drosophila and conidiation process in 
Neurospora). Newcomers to this field are 
mouse'^, Arabidopsis and Cyanobacteria^, 
The per gene of Drosophila and frq gene 
of Neurospora are the best studied com¬ 
ponents of the circadian clock^ (Figure 
1). Furthermore the per and frq genes 
have a short region of sequence similarity, 
indicating that underlying mechanisms 
may be partly conserved from fungi to 
insects^. 

In Drosophila^ two ‘clock genes’ per 
(period) and tim (timeless) have been 
cloned. Both are essential elements of 
the circadian timing system. The mRNA 
and protein products of both genes os¬ 
cillate and the cycling of each is depend¬ 
ent on heterodimerization of their protein 
products, PER and TIM. It is still not 
clear, however, how PER and TIM turn 
off their own transcription after their 
temporally gated entry into the nucleus^. 


In comparison to Drosophila and 
Neurospora^ little is known about the 
molecular biology of circadian rhythms 
and about the stmcture of clock genes 
in vertebrate animals. However, this 
lacuna in our knowledge about the 
molecular nature of vertebrate circadian 
clocks is about to be filled. We are at 
the very threshold of path-breaking new 
knowledge. King et al? and Antoch et 
al} report that the first candidate clock 
gene in mammals, apdy named Clock, has 
now been cloned in mice and the encoded 
protein has very interesting features'^. 

Suprachiasmatic nuclei 

This year marks the silver jubilee of the 
discovery of the circadian clock function 
of the mammalian suprachiasmatic nuclei 
(SCN). The SCN are site of a master 
circadian clock in brain that generates 
most circadian rhythms in mammals (re¬ 
viewed in ref. 10). SCN are small-paired 
structures in the anterior hypothalamus 
just above the optic chiasmata, each of 
the paired neural tissue contains about 
10,000 neurons. The nuclei receive visual 
inputs for light-dark entrainment, mostly 
directly through the retinal pathway. 

The demonstration that the SCN contain 
a circadian clock became possible by the 


discovery of a spontaneous, semidominant 
mutation, tau, in the Syrian hamster. This 
autosomal mutation shortens circadian 
period from 24 to 20 hours in homo¬ 
zygotes. In elegant SCN transplant ex¬ 
periments using tau mutant hamsters, it 
was shown that the period of restored 
rhythmicity is determined by the genotype 
of the donor and not that of the host. 
This finding lends an unequivocal cir¬ 
cadian clock function to the SCN. The 
tau (period) mutant hamsters could not 
be used for unravelling molecular mecha¬ 
nisms for want of adequately developed 
genetic markers in the hamster. 

Clock genes in mice 

Searching for clock genes is a chancy 
affair. Some succeeded and many did 
not. Several laboratories use molecular 
approaches that revolve around major pet 
assumptions about the nature of clock 
genes. Thus homology screening protocols 
(e.g. PCR with degenerate primers, yeast 
two hybrid screens for PER- or TIM- 
interacting proteins) assume that verte¬ 
brate clock genes will resemble those in 
Drosophila. Joseph Takahashi and col¬ 
leagues recommend and employ a ‘for¬ 
ward’ genetic approach (from phenotype 
to gene) to identify clock genes in mice^', 



Figure 1. The molecular basis of the Neurospora circadian clock. After ref. 6. 
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Figure 2. Wheel running activity of an adult field mouse Mus booduga recorded under 
DD conditions for a period of ca. 125 days. The aktogram is double-plotted for easier 
visual inspection (Original), 


Mice are subjected to high efficiency 
chemical mutagenesis, and the second 
generation progeny are then directly 
screened for dominant circadian clock 
mutations. The chief virtue of this 
approach is that it makes no assumptions 
about the nature of mammalian clock 
genes or their molecular biology. Since 
the circadian rhythm in wheel running 
activity in mice is very precise (Figure 
2) and easily measured in individual ani¬ 
mals, changes caused by mutations can 


be easily detected. Significant changes in 
period length (usually measured from on¬ 
set of activity in one cycle until onset 
of activity in the next cycle and so on 
for several days of freerun) would imply 
changes in the basic clock mechanism. 
Once the mutants are identified, the task 
of positional cloning of these mutations 
is now easy!^ 

Takahashi et Gif' reported the discovery 
of the clock locus in 1994. They found 
one animal with a circadian period longer 


by 1 h than those of controls in DD. 
This long period phenotype was inherited 
as a semidominant autosomal mutation 
named Clock. Homozygous clock mice 
manifest very long periods (27-28 h) on 
placement in DD and gradually become 
arrhythmic after a few weeks in DD. 
Interestingly, if the arrhythmic mice are 
exposed to a 6 h light pulse, the long 
period rhythmicity is restored in DD. The 
Clock-mutation appears to relate to 
abnormalities of the circadian rhythm 
alone since no other obvious behavioural 
or anatomical changes were noticed. The 
clock phenotype apparently regulates two 
basic properties of circadian rhythms, the 
circadian period and persistence of the 
rhythmicity. A debate had in the mean¬ 
while emerged as to whether Clock 
actually encodes a clock element or just 
a clock component effecting ‘coupling’. 
The mouse circadian clock gene is now 
cloned and details reported in two papers 
in the 16 May 1997 issue of Cell. These 
reports describe two complementaiy 
approaches, positional cloning and func¬ 
tional rescue, that have led to the 
molecular identification of clock. 

One clone produced ‘full functional 
rescue’ of the clock phenotype in both 
heterozygous and homozygous clock 
mutants, strongly suggesting that the 
‘clone’ contained the entire clock gene, 
including coding region and regulatory 
elements. As the authors point out, the 
use of transgenes to rescue a mutant 
phenotype provides the most powerful 
means to prove that a cloned candidate 
gene is the one responsible for the mutant 
phenotype^. 

The identification and cloning of clock 
is a landmark discovery and has already 
been hailed in a minireview'^ as a ‘nugget’ 
of circadian gold. Chronobiology has hit 
pay dirt. These exciting researches have 
been carried out by Joseph S. Takahashi 
and colleagues working at the NSF Centre 
for Biological Timing, Department of 
Neurobiology and Physiology, Northwest¬ 
ern University, Evanston, Illinois. The 
mouse is the most complicated organism 
studied by the CBT researchers and also 
most closely related genetically to human 
beings. As Joe Takahashi points-out, be¬ 
cause of known relationships between the 
mouse and human genomes, it will take 
just a short time to identify the homo¬ 
logous gene in human beings now that 
a mouse clock gene has been discovered. 
In four decades we have indeed rapidly 
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progressed in chronobiology from (pre¬ 
sumed) status of metaphysics to molecular 
insights into mammalian clock genes. 

1. de Mairan, J. J. d. O., Observat. Bot., Hist. 
Acad. Roy. Sci. Paris, 1729, p. 35. 

2. Buenning, E., Jb. Whs. Bot., 1932, 77. 
293-320. 

3. Iwasaki and Thomas, J. H., Tib, 1977, 13, 
111-115. 

4. Vitaterna, M. H., King, D. P., Chang, A-M., 
Kornhauser, J. M., Lowry, P. L., McDonald, 
J. D., Dove, W. F., Pinto, L. H., Turek, 
F. W. and Takahashi, J, S., Science, 1994, 
264, 719-725. 


5. Mclung, C, R., Fox, B. A. and Dunlap, 
J. C., Nature, 1989, 339, 558-562. 

6. Bell-Pedersen, D., Garceau, N. and Loros, 
J. J., J. Genet., 1996, 75, 387-401. 

7. . King, D. P., Zhao, Y., Sangoram, A. M., 
Wilsbacher, L. D,, Tanaka, M., Antoch, 
M. P., Steeves, T. D. L., Vitaterna, M. H., 
Kornhauser, J. M„ Lowry, P. L., Turek, 
F. W. and Takahashi, J. S., Cell, 1997, 
89, 641-653. 

8. Antoch, M. P., Song, E-J., Chang, A-M., 
Vitaterna, M. H., Zhao, Y., Wilsbacher, 
L. D., Sangoram, A. M., King, D. P., 
Pinto, L. H. and Takahashi, J. S., Cell, 
1997, 89, 655-667. 


9. Reppert, S. M. and Weaver, D. R., Cell, 
1997, 89, 487-490. 

10. Klein, D. C., Moore, Ry. and Rapport, 
S. M., Suprachiasmatic Nucleus: The 
Mind’s Clock, Oxford University Press, 
New York, 1991. 

11. Takahashi, J. S., Pinto, L. H. and Vitaterna, 
M. H., Science, 1994, 264, 1724-1733. 


M. K. Chandrashekaran is in the Animal 
Behaviour Unit, Jawaharlal Nehru Centre 
for Advanced Scientific Research, Jakkur 
P. 0., Bangalore 560 064, India. 


The riddle of the avian ancestry 


A. V. Sankaran 

The hot topic today in palaeontology is the 
postulated dinosaur-bird link. The partici¬ 
pants in the controversy have pointed out a 
variety of physiological and anatomical 
traits to swing the views for a pro- or anti¬ 
dinosaur ancestry for the modern birds. 
How the essentially ground-based animals 
adapted their skeletal framework and gradu¬ 
ally developed feathers and took to air has 
been a fascinating question engaging avian 


palaeontologists since the discovery of 
Archaeopteryx, the first bird-like fossil 
with a few reptilian features in Germany in 
1861 (Figure 1). In the process of launch¬ 
ing them into air, nature had apparently 
experimented and evolved many interme¬ 
diate species with characters that can be 
interpreted in favour of one or the other 
theories going around then. For a long 
time, palaeontologists viewed the Jurassic 


period Archaeopteryx as unquestionably 
the first bird to flap its wings in the skies, 
but discoveries of bird fossils in still 
earlier geological times, hinted evolution 
of flight, perhaps even in the Triassic, and 
Archaeopteryx, the bird pioneer was de¬ 
throned. Several new finds of avian fossils 
have inundated literature during the past 
few years from diverse countries and 
they have not only added a fund of data 
about evolutionary trends, but in their 
wake, fueled the ongoing controversy 
about the reptile-dinosaur-bird evolution. 
Today, what portends to be last straw for 
the anti-dinosaurian paternity camp has 
now surfaced in the reported find of a 
feathered dinosaur fossil in China^ and 
this has further exacerbated their already 
ruffled feathers. 

Compatible physiology and skeletal 
anatomy were two dominant aspects most 
palaeontologists were highlighting in their 
arguments for or against dinosaur pedigree 
for birds. Modern birds have skeletal 
framework specially suited for flight, like 
air-filled bones for buoyancy, a fused 
collar bone, breast bone with a deep keel 
for anchoring the flight muscles, length¬ 
ened forelimb (wing) with wrist and fused 
fingers and a composite pelvis and back¬ 
bone with a remnant of a tail or pygostyle 
(Figure 2). Earlier scientists were, there¬ 
fore, searching for evolutionary trends 
towards these skeletal modifications among 
some of the reptiles or dinosaurs they were 
suspecting as the ancestors. However, for 



Figure 1. Archaeopteryx, the first bird fossil showing clawed wings, toothed beak and 
reptilian tall with feathers. 
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Figure 2. Bone characteristics of modern birds: a, bird skeleton; b, Shoulder girdle, 
breastbone with keel; c, forelimb (wing) with wrist and fused fingers; d, evolution of 
primitive reptile finger to fused wing bone. 


every argument advanced in favour of one 
view, there were counter arguments from 
the opposite group also and tracing the 
ancestor of birds has remained inconclu¬ 
sive to this date. 

In the nineteenth century, one of the 
broad divisions of the vertebrates centered 
around the animal’s capacity for body heat 
production and its ability to maintain 
constant temperature over long periods, 
i.e. whether an animal is endothermic 
(warm blooded) or ectothermic (cold 
blooded). Birds and mammals are 
endothermic and their metabolism enables 
them to maintain a constant body tempera¬ 
ture and be active always. In contrast, the 
metabolism in reptiles and amphibians is 
ectothermic and much influenced by the 
ambient weather - sluggish, when it is 
cold and, active, when hot. For a long 
time, the dinosaurs were classified as 
cold blooded or ectothermic reptiles. But 
based on certain characteristically 
endothermic micro structures called haver- 
sian canals, their bones display (tiny 
channels for blood vessels), and absence 
of growth rings as well as ambient or body 
temperature influenced ^*0 ratios in 
them (bones of endotherms show enrich¬ 
ment of the lighter ^^0 isotope while the 
ectothermic ones are enriched in the 


heavier ^**0) the dinosaurs were considered 
as endotherms. Such a label also appeared 
quite logical as these animals had reigned 
the Earth for 140 million years competing 
and outclassing even the mammals of the 
period, a feat unlikely if they were 
sluggish ectotherms^ 

The view about the warm-bloodedness 
of dinosaurs prevailed for quite some time, 
but in recent years a few have started 
questioning it. Experiments conducted with 
live animals at Harvard University by 
Tomasz Owerkowicz have indicated that 
the development of the haversian canals is 
not so typical of endotherms as claimed; 
also, John Ruben at Oregon State Univer¬ 
sity found that endothermic animals had 
wider nostrils and more typically, special 
sets of nasal bones called maxilloturbinals. 
These are thin bony or cartilaginous layers 
in their nasal passage which enable the 
animal to conserve water loss during 
exhalation by effectively condensing mois¬ 
ture in the air breathed out and recycling it 
back into the respiratory tract (a great 
necessity for the endotherms with their 
high metabolic rate). These dehumidifiers 
are absent in the cold-blooded reptiles and 
surprisingly not seen in the skulls of 
dinosaurs, even under computerized tomo¬ 
graphic scanning (CT-scan), Ruben’s 


calculations proved that the high activity 
of endotherms can be achieved by the 
ectotherms also, though in short bursts, 
and a few had even the capacity to retain 
heat for a considerable period. Accord¬ 
ingly, the dinosaurs were considered as 
ectotherms. 

The type of dinosaur’s metabolism thus 
appeared to be inapplicable in fixing the 
ancestry of birds and inferences in this 
regard from skeletal similarities, therefore, 
appealed to the scientists. In the later half 
of the nineteenth century, O. C. Marsh, of 
Yale University, found in a Cretaceous 
chalk formation in Kansas, fossil birds 
with teeth {Hesperornis and Ichthyornis) 
resembling those of a crocodile - sharp, 
curved with deep roots and also having 
skeletal aspects such as powerful wing- 
bones and bird-like vertebral column, all 
of which led him to attribute reptilian 
ancestry for birds'^. This was also the time 
when the first bird fossil Archaeopterix 
was being much discussed. This fossil of 
the latter Jurassic bird showed well- 
preserved impressions of tail feathers and 
complete skeleton resembling very closely 
the medium-sized dinosaur Ornitholestes 
with long hind legs, typical reptilian tail, 
and a skeletal framework more primitive 
than the Cretaceous toothed birds of 
Marsh. To scientists of the period, in 
particular to Charles Darwin, these finds of 
semi-reptilian birds represented the evolu¬ 
tionary links in the march of the primitive 
reptiles to the Class Aves. 

The famous zoologist, and a contempo¬ 
rary of Charles Darwin, Thomas Huxley 
documented various incontrovertible ana¬ 
tomical traits found in several fossil finds 
linking birds to certain meat-eating dino¬ 
saurs, such as the bird-like bipedal loco¬ 
motion, typical ankle joints, toe pattern, 
ilium (upper hip bone), air cavities in the 
vertebral bones, highly mobile neck, long 
hind legs and reversed pubic bone”^. The 
nearest ancestor was thought to be the 
small chicken-sized Compsognathus or the 
beaked dinosaur. With such strong indica¬ 
tors, the dinosaur connection for birds was 
generally accepted. However, to some 
palaeontologists who believed dinosaurs to 
be cold-blooded and hence incapable of 
supporting the energetic activities required 
for flight, such a link appeared incompat¬ 
ible with their physiology. The latter 
group of disbelievers derived support also 
from the just published book The Origin 
of Birds, by Gerhard Heilmann in 1925, in 
which the dinosaur-bird link was rejected 
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on the ground that the functionally very 
important collar bone along with the 
modified shoulder pattern was totally 
absent in them or at best reduced and this 


was considered to go against such an 
evolution. On the other hand, the author 
felt that both birds and dinosaurs must 
have evolved as separate branches from a 



Figure 3. Dinosaur, discovered in Liaoning Province, China, showing a mane 
of downy feathers along neck, back and tall. 



Figure 4. Evolutionary routes advanced for birds (adapted from Bakker^), 
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favoured as the probable ancestor. Soon 
two more such feathered fossils were 
discovered from the same site, thus mak¬ 
ing available three specimens for evalua¬ 
tion. This fossil exhibiting feathers was 
the link the pro-dinosaurians were looking 
for and the find has, no doubt, galvanized 
them. However their euphoria may turn 
out to be short lived if one goes by the 
findings of Ostrom and colleagues whose 
re-examination of this Chinese fossil, a 
few months back, has cast doubts on the 
identity of feathers; they feel that these are 
actually ‘long parallel arrays of fibres that 
lack branching patterns of modern feath- 
ers’^ 

Today, the staunch critics of dinosaur- 
bird descent are Alan Feduccia of the 
University of North Carolina and Larry 
Martin of University of Kansas along with 
colleagues Zhonghe Zhou and Linhai Hou 
of the Chinese Academy of Sciences who 
had all doubted the identification of 
feathers; besides, they had felt that it is 
‘biophysically impossible to evolve flight 
from such large bipeds with foreshortened 
limbs and heavy balancing tails’, all wrong 
anatomies for flight^-^®. Instead they prob¬ 
ably could have descended from a com¬ 
mon ancient reptile that gave rise to both 
birds and dinosaurs, a view similar to 
Gerhard Heilmann’s in the 1920s. Accord¬ 
ing to Feduccia and Martin, the recent 
fossil bird finds from China^ - 
Liaoningornis and Confuciusornis which 
predate Archaeopteryx - show features 
distinctive of endothermic physiology and 
a different bone formation on their feet, rib 
cage, sternum and shoulder. These, they 
say, clearly indicate that the tree of avian 
evolution had side branches - one led to 
the modern birds while another to 
Archaeopteryx type of birds, both of 


distinctly different taxa. This group feels 
that the first bird must have flown some 
76 million years before the arrival of bird¬ 
like dinosaurs during late Cretaceous, 
thus questioning dinosaurian origin for 
modem birds^^. 

There is, however, one issue vital to the 
view of Feduccia and others and this 
pertains to the validity of age of the fossil 
which, of course, is the age of the Yixian 
formations from where they were col¬ 
lected. Recent argon-argon dates indicate 
an age of 121 m.y. only and not 137-142 
m.y as earlier thought, which will, there¬ 
fore, put these Chinese bird fossils younger 
to Jurassic as well as to Archaeopteryx and 
the dinosaurs. Feduccia remains unper¬ 
turbed by this dating controversy, relying 
more on the fact that both types of birds 
with distinct skeletal anatomies are met 
with in ^osi-Archaeopteryx period which 
is strongly supportive of the dichotomy, he 
has envisaged, in avian evolution‘^. 

In spite of the finds already of dinosaur 
fossils from diverse countries - Madagas¬ 
car, Patagonia, Spain besides China with 
many bird-like features such as wrist 
bones, claws, fused fingers, breast bones, 
clavicles, shoulder, folding arms and other 
skeletal similarities, apart from the recent, 
feathered dinosaur from Yixian Formation 
(notwithstanding the latest findings to the 
contrary), now more reliably dated, the 
enigma about bird ancestry and the 
evolutionary route they have taken (Figure 
4) does not appear to diminish. Though 
their dinosaur link seems to be gathering 
strength, if not established beyond doubt, 
what appears to be misunderstood'by many 
is that such a paternity is current only to a 
few of the dinosaur species which have 
undoubted primitive avian anatomy. There 
remain still a few loose ends in the 


evolutionary ascent of birds, defying a 
consensus among the palaeontologists such 
as the question of endothermy or ectothermy 
of the avian ancestors, functional modifi¬ 
cations in the anatomy transition to flight, 
and about the development of flight itself, 
whether the parachuting or gliding reptiles 
adapted themselves for this or whether the 
modern birds descended from a side 
branch to the main avian tree that sprouted 
from a Triassic animal. Currently the view 
that has wide acceptance is the dinosaur 
ancestry for birds, and as Robert Bakker 
had observed, somewhat paradoxically, 
‘dinosaurs are not extinct; one species has 
survivors - they are the birds^’. 
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on the ground that the functionally very was considered to go against such an 
important collar bone along with the evolution. On the other hand, the author 
modified shoulder pattern was totally felt that both birds and dinosaurs must 
absent in them or at best reduced and this have evolved as separate branches from a 



Figure 3. Dinosaur, discovered in Liaoning Province, China, showing a mane 
of downy feathers along neck, back and tail. 



Figure 4. Evolutionary routes advanced for birds (adapted from Bakker^). 


common ancestor having advanced charac¬ 
teristics of both dinosaurs and birds, like 
the predatory Triassic reptile called 
Pseudosuchians (false-crocodiles, e.g. 
Omithosuchus). According to him, dino¬ 
saurs were mere cousins of birds and not 
their ancestors. 

Four decades later, it was time for the 
pendulum to swing back, to the pro- 
dinosaur camp. In 1964, John Ostrom of 
Yale, came across a few Archaeopteryx 
fossils in a Dutch museum, showing long 
bony fingers with sharp claws complete in 
all biomechanical aspects with those of a 
warm-blooded carnivorous dinosaur 
Deinonychus (grouped under Theropods 
dromaesaurid and coelurosaurs). The match 
was perfect even in details about shoulder, 
hip, thigh, wrist bone assembly and ankle 
all of which were modifications specially 
adapted for birds, notably the ground 
based ones. The three separate fingers (a 
short thumb and two longer fingers) of 
Deinonychus and Archaeopteryx, accord¬ 
ing to him, became a single fused bone in 
rhodern birds (Figure 2 d). This evolution¬ 
ary modification is clearly reflected even 
today in unhatched chicks in which these 
fingers remain separate, an undoubted 
hangover or vestige pointing to their 
dinosaur ancestry. He felt that the wings 
were developed initially for gliding or 
sweeping prey into the mouth, and gradu¬ 
ally got modified to power flighF. In a 
recent discovery^^ in Patagonia (Argentina) 
an intermediate form filling the gap be¬ 
tween Archaeopteryx and the Theropod 
Deinonychus has come up reinforcing 
once again the dinosaur-bird link, though 
a few skeptics continue to dispute several 
of these pro-dinosaurian views. 

In August 1996, Chinese palaeontolo¬ 
gists unearthed from Liaoning province in 
northeastern China a meter-long fossilized 
skeleton of a small dinosaur covered with 
what distinctly appeared to be feathers, 
preserved in a volcanic formation (Yixian 
formations) dated around 140 to 120 
million years^ This fossil, presently in 
China, was examined by leading Chinese 
and Western experts and photographs were 
presented at the 56th Annual Meeting of 
the Society of Vertebrate Palaeontology, 
held in New York in October 1996. The 
fossil named Sinosauropteryx prima showed 
a mane of downy feathers along the neck, 
back and tail, a feature hitherto seen only 
in bird fossils. It appeared to be a close 
relative of Compsognathus, a dinosaur 
which Ostrom had earlier strongly 
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favoured as the probable ancestor. Soon 
two more such feathered fossils were 
discovered from the same site, thus mak¬ 
ing available three specimens for evalua¬ 
tion. This fossil exhibiting feathers was 
the link the pro-dinosaurians were looking 
for and the find has, no doubt, galvanized 
them. However their euphoria may turn 
out to be short lived if one goes by the 
findings of Ostrom and colleagues whose 
re-examination of this Chinese fossil, a 
few months back, has cast doubts on the 
identity of feathers; they feel that these are 
actually ‘long parallel arrays of fibres that 
lack branching patterns of modern feath¬ 
ers’I 

Today, the staunch critics of dinosaur- 
bird descent are Alan Feduccia of the 
University of North Carolina and Larry 
Martin of University of Kansas along with 
colleagues Zhonghe Zhou and Linhai Hou 
of the Chinese Academy of Sciences who 
had all doubted the identification of 
feathers; besides, they had felt that it is 
‘biophysically impossible to evolve flight 
from such large bipeds with foreshortened 
limbs and heavy balancing tails’, all wrong 
anatomies for flighf-^'^®. Instead they prob¬ 
ably could have descended from a com¬ 
mon ancient reptile that gave rise to both 
birds and dinosaurs, a view similar to 
Gerhard Heilmann’s in the 1920s. Accord¬ 
ing to Feduccia and Martin, the recent 
fossil bird finds from China^ - 
Liaoningornis and Confuciusornis which 
predate Archaeopteryx - show features 
distinctive of endothermic physiology and 
a different bone formation on their feet, rib 
cage, sternum and shoulder. These, they 
say, clearly indicate that the tree of avian 
evolution had side branches - one led to 
the modern birds while another to 
Archaeopteryx type of birds, both of 


distinctly different taxa. This group feels 
that the first bird must have flown some 
76 million years before the arrival of bird¬ 
like dinosaurs during late Cretaceous, 
thus questioning dinosaurian origin for 
modem birds 

There is, however, one issue vital to the 
view of Feduccia and others and this 
pertains to the validity of age of the fossil 
which, of course, is the age of the Yixian 
formations from where they were col¬ 
lected. Recent argon-argon dates indicate 
an age of 121 m.y. only and not 137-142 
m.y as earlier thought, which will, there¬ 
fore, put these Chinese bird fossils younger 
to Jurassic as well as to Archaeopteryx and 
the dinosaurs. Feduccia remains unper¬ 
turbed by this dating controversy, relying 
more on the fact that both types of birds 
with distinct skeletal anatomies are met 
with in ^ost-Archaeopteryx period which 
is strongly supportive of the dichotomy, he 
has envisaged, in avian evolution^ 

In spite of the finds already of dinosaur 
fossils from diverse countries - Madagas¬ 
car, Patagonia, Spain besides China with 
many bird-like features such as wrist 
bones, claws, fused fingers, breast bones, 
clavicles, shoulder, folding arms and other 
skeletal similarities, apart from the recent, 
feathered dinosaur from Yixian Formation 
(notwithstanding the latest findings to the 
contrary), now more reliably dated, the 
enigma about bird ancestry and the 
evolutionary route they have taken (Figure 
4) does not appear to diminish. Though 
their dinosaur link seems to be gathering 
strength, if not established beyond doubt, 
what appears to be misunderstood'by many 
is that such a paternity is current only to a 
few of the dinosaur species which have 
undoubted primitive avian anatomy. There 
remain still a few loose ends in the 


evolutionary ascent of birds, defying a 
consensus among the palaeontologists such 
as the question of endothermy or ectothermy 
of the avian ancestors, functional modifi¬ 
cations in the anatomy transition to flight, 
and about the development of flight itself, 
whether the parachuting or gliding reptiles 
adapted themselves for this or whether the 
modern birds descended from a side 
branch to the main avian tree that sprouted 
from a Triassic animal. Currently the view 
that has wide acceptance is the dinosaur 
ancestry for birds, and as Robert Bakker 
had observed, somewhat paradoxically, 
‘dinosaurs are not extinct; one species has 
survivors - they are the birds^’. 
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Vaccines for the 21st century: The big picture* 

V. Ramalingaswami 

Vaccines are complete technologies, dealing with primary prevention like sanitation and safe water. The 
body's immune system has evolved to cope with a virtually limitless repertoire of antigens derived from 
infectious agents. Dramatic advances in molecular biology and genetic engineering in recent years hold 
great promise of new and improved vaccines against emerging and re-emerging diseases. The New 
Biology and the ensuing biotechnologies confer upon vaccines a unique precision, moving them from an 
empirical science in the past. The Department of Biotechnology of the Government of India has emerged 
as a key player in recent years in vaccine development in India, 


In the past few decades, much progress 
has been made in disease control through 
vaccines. But now there is a bewildering 
spectrum of infectious diseases posing 
challenges to new vaccine development. 
Their occurrence today is reflective of 
large-scale human-made environmental 
challenges and changing human beha¬ 
vioural patterns. Ecological infringement, 
human mobility and human social change 
are potent forces for the emergence and 
re-emergence of infectious diseases. Rela¬ 
tive complacency on the part of the healtli 
care system regarding infections which 
have been under control, the deteriorating 
public health infrastructure, environmental 
degradation, overcrowding, poor sanita¬ 
tion and increased exposure of the popu¬ 
lation to disease vectors are some of the 
factors responsible for the present situ¬ 
ation ^ 

The loss of power of the arsenal of 
drugs and antibiotics against a number 
of infectious diseases places an additional 
responsibility on vaccines. Resistant bac¬ 
terial strains can spread resistant genes 
in the form of plasmids or transposons, 
which are able to get into quite different 
bacterial species through horizontal dis¬ 
semination of resistant genes. 

There are four broad categories of vac¬ 
cine concepts today-, viz. (i) Whole cell 
and disrupted particle vaccines, (ii) 
Live-attenuated vaccines, (iii) Vaccines 
containing protective antigens expressed 
through viral and bacterial vectors, and 
(iv) DNA vaccines. 

The latest addition, the naked DNA 
vaccines, are being intensively pursued 
today. Their attributes of non-replication, 
long-term stimulation and elicitation of 


*Text of The First Bimal Bachhawat Memorial 
Lecture given on 24 April 1997 at University 
of Delhi South Campus. 


CTL and antibody responses offer advan¬ 
tages over other vaccines, ushering in a 
new era of vaccinology^. 

A look at the outbreaks of infectious 
diseases in the past few years gives an 
idea of the seriousness and instability of 
the current situation, e.g. (i) cholera in 
South America representing the 7th pan¬ 
demic and cholera now in South Asia 
representing the 8th pandemic; (ii) Yellow 
fever in Kenya and Liberia; (iii) Plague 
in 1994 and dengue haemorrhagic fever 
(DHF) in 1996 in India; (iv) Ebola hae¬ 
morrhagic fever in Zaire and most recently 
in Gabon; (v) Diphtheria in Eastern 
Europe and countries of the former Soviet 
Union, and (vi) the relentless geographic 
spread of HIV/AIDS. 

Currently, new vaccines are being 
developed against more than 60 diseases. 
I would like to consider a few selected 
diseases here. 

What is the tomorrow of 
malaria from a vaccine point of 
view? Will we have a vaccine? 

Malaria today is a public health problem 
in more than 90 countries, comprising a 
total population of 2.4 billion people and 
a worldwide prevalence of 300-500 mil¬ 
lion clinical cases each year and an overall 
mortality estimated to be in the range of 
1.5-2.7 million each year (WHO 1996)^ 
In India, 2-3 million clinical cases occur 
annually with a mortality rate that is 
imprecisely estimated but is rising due 
to increase of P. falciparum cases and 
rising drug resistance. Malaria has now 
entered new ecological niches and the 
new paradigm of malaria consists of a 
number of eco-types such as irrigation 
malaria, urban malaria, border malaria 
and forest intrusion malaria. Now, after 
half a century of battle, DDTs power is 


considerably reduced. Chemotherapies 
show diminishing promise. Although 
much can still be done through epi¬ 
demiological ly-oriented strategy and tac¬ 
tical use of existing tools, there are fewer 
options available now than there were 20 
years ago. There is wide agreement today 
that vaccines against malaria would be 
cost-effective public health tools and an 
essential component of successful control 
of malaria^. The impressive advances 
made in malaria research in the past 15 
years provide reason to believe that an 
effective malaria vaccine is possible. 
While the Pattaroyo vaccine, SPf 66, is 
losing ground as an effective anti-malarial 
vaccine, a recent breakthrough has revived 
hopes that a malaria vaccine may even¬ 
tually be possible^'’. A vaccine based on 
linking the gene for a portion of circum¬ 
sporozoite antigen of P. falciparum to 
the gene for the hepatitis B surface 
antigen, and expressing the fused gene 
together with unfused HBsAg simul¬ 
taneously in yeast cells offers hope^. In 
an unblinded trial in 46 subjects never 
exposed to malaria, six unvaccinated and 
seven vaccinated subjects were challenged 
with bites from mosquitoes infected with 
P. falciparum. Malaria developed in all 
the 6 controls but only in one of the 7 
subjects who received the experimental 
vaccine. The adjuvants used were mono- 
phosphoryl lipid A and QS 21. These 
results represent a considerable advance 
in the development of malaria vaccines. 
They show that immunization with a single 
sporozoite antigen can provide full pro¬ 
tection and the importance of the adju¬ 
vants used is clearly brought out. Humoral 
immunity played an important role in 
conferring protection. It is possible that 
T cell-mediated mechanisms may also 
play a role in protection., It is now im¬ 
portant to determine the efficacy of this 
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vaccine in people living in endemic areas 
with high transmission levels and where 
there are multi-parasite strains^. There are 
now high hopes of developing a highly 
effective anti-malarial vaccine in humans. 
Extension of these studies to P. vivax is 
needed. Significant work on malaria vac¬ 
cines is being carried out in India. 

HIV/AIDS 

A vaccine against HIV/AIDS is urgently 
needed to prevent the further spread of 
infection in developing countries. About 
23 million people worldwide carry the 
AIDS virus. The virus infects 3 million 
people each year-8,500 new patients a 
day. The virus reproduces at fantastic 
speed, producing 10-30 billion new 
copies of the virus each day. This, of 
course, enhances mutation rate which is 
a main obstacle for developing a vaccine. 
In India, as of 31 October 1996, an 
estimated 2.5-4.0 million people have 
been infected cumulatively since 1986, 
although only 3000 full-blown cases of 
AIDS have been reported so far. It has 
been estimated that India will have the 
largest number of HIV-infected persons 
in the world as India enters the 21st 
century. The epidemic is spreading geo¬ 
graphically; it is moving from brothels 
to homes, from urban to rural areas, from 
high-risk groups to the general population. 
Behavioural alterations through education 
and improved STD control, including the 
use of condoms are valuable and at pre¬ 
sent the only weapons available to us in 
diminishing transmission. New protease 
inhibitors taken along with nucleoside 
analogues have shown promising results, 
but, at $16,000 a year therapy, they are 
out of reach of the AIDS-infected in India 
and other developing countries. Develop¬ 
ing nations including India desperately 
need an AIDS vaccine. Vaccines are the 
only way to prevent AIDS in a sustainable 
manner and to possibly eradicate the 
virus in the long run. India has a critical 
mass of scientists who could successfully 
develop an AIDS vaccine as a mission 
project in view of its urgency. The 
National AIDS Control Organization 
(NACO) has no programme of vaccine 
development. Courage and leadership are 
needed to prevent HIV transmission. 

Several approaches are now possible. 
There are over 30 candidate vaccines, 
prophylactic or therapeutic, which have 


been tested in phase I/II clinical trials; 
they seem to be safe and elicit correlates 
of protective immunity but they have not 
moved beyond because of fear of possible 
hazard; so their efficacy in preventing or 
ameliorating HIV/AIDS is not known. 
The International AIDS Vaccine Initiative 
(IAVI) is attempting to break the impasse 
by promoting collaborative research en¬ 
deavours among developing countries and 
between developing and developed coun¬ 
tries. HIV genes inserted into live canary 
pox virus, which is harmless to humans, 
followed by a booster shot of gpl20 
vaccine is one of the approaches being 
studied. This set of vaccines - the 
ALVAC vaccines, are proposed to be 
tried in phase I studies in Uganda and 
Thailand. The gpl20 vaccines have been 
widely studied and appear to be quite 
safe and produce an antibody response. 
Phase I studies of this product are under¬ 
way in Thailand. 

There is considerable promise in the 
development of naked DNA vaccines. 
These vaccines are being studied for many 
infectious diseases including HIV, influ¬ 
enza, tuberculosis and malaria. The 
genetic material, fragments of DNA, en¬ 
coding information for essential antigens 
gets the individual’s own cells to make 
the vaccine. Animal studies indicate that 
DNA vaccines are quite immunogenic, 
particularly in generating cellular immune 
responses. The manufacturing process for 
DNA vaccine is quite simple. HIV-DNA 
vaccines have great potential to be pro¬ 
vided at reasonable cost. They have given 
impressive results in animals and are now 
undergoing phase I clinical trials. No 
trials with these vaccines are ongoing in 
any of the developing countries. 

Live-attenuated vaccines made by 
deleting the nef gene of HIV have been 
shown to protect monkeys against simian 
immuno deficiency virus (SIV)^. In Aus¬ 
tralia, attempts are being made to develop 
an attenuated vaccine based on sequences 
found in a cluster of HIV-infected indi¬ 
viduals who have remained healthy with 
no sign of disease or immune response. 
Todate live-attenuated vaccines have 
shown the greatest promise of protection 
against HIV. There is, however, deep 
concern about safely due to mutation^ 
But the impression is growing that this 
approach needs to be looked at seriously. 

As an Ugandan scientist has said; ‘The 
house is on fire, test what is available 


even if protection is partial rather than 
wait and do nothing. It is better to get 
a part of the foot in the door. There is 
an enormous cost of v/aiting.’ 

All these experimental vaccines are 
based on the B sub-type of HIV prevalent 
in developed countries. The need for India 
developing an AIDS vaccine based on 
locally prevalent sub-type C is most 
urgent. Thailand and Uganda which have 
an even more serious AIDS problem at 
present have already embarked upon clini¬ 
cal trials ot promising vaccines made 
outside these countries using the sub-type 
B as mentioned already. In view of India’s 
strong position in molecular biology and 
genetic engineering, determined efforts to 
develop a vaccine based on the local 
HIV sub-type would be most valuable. 
It would be advantageous for India to 
link up with Thailand and Uganda in 
promoting a South-South and North- 
South collaboration. The International 
AIDS Vaccine Initiative stands ready to 
promote research and development for 
AIDS vaccines based on local clades by 
the developing countries and promote col¬ 
laboration between developed and deve¬ 
loping countries. I would suggest that a 
consortium be immediately established to 
embark upon a mission mode project 
involving government, scientists, industiy 
and health care personnel to take up a 
time-bound goal-oriented project in this 
regard. Arrangements need to be made 
for careful ethical examination of research 
proposals. Adequate resources must be 
pledged. Indeed, India is not able to fully 
utilize the World Bank Aid for AIDS. 
What greater opportunity and challenge 
can there be for the present Government 
in India than to embark upon a mission- 
oriented project, 'Aids Vaccine', employ- 
ing to full effect the Gujral doctrine of 
Regional and International Collaboration 
for the welfare of humanity ^ regionally 
with Thailand, Uganda and South Africa 
and internationally with developed coun¬ 
tries. The I AVI and the WHO can be 
useful allies in this endeavour. 

Vibrio cholerae 0139 Bengal 

Vibrio cholerae is a foot-loose organism, 
perennially itinerant. It started moving 
out of India in 1817 (ref. 9). So far, 
there have been 7 pandemics around the 
world. The 8th pandemic has now begun 
with Vibrio cholerae 0139 emerging in 
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Indian waters. This happened in 1992 in 
South India^^^ Several investigations in¬ 
dicate that the genetic element constituting 
the virulence cassette and the genes regu¬ 
lating these in 0139 are similar to those 
of the El Tor biotype**. 0139 is a distinct 
entity better equipped to survive in en¬ 
vironmental waters than its predecessor. 
In the span of two years, this new sero 
group has spread to several countries in 
the Asian Continent and to many parts 
of the world. In the span of one year, 
since the first outbreak in October 1992, 
the 0139 sero group has spread eastward 
from India to Bangladesh, Nepal, Thai¬ 
land, Malaysia, Burma and South China 
and westward to Pakistan and Saudi 
Arabia. Guaranteeing access to safe drink¬ 
ing water with a bit of chlorine and 
adequate sanitation will eliminate cholera. 
Oral rehydration salt solution, supple¬ 
mented in some instances by antibiotics 
will cure the disease in most cases. These 
measures are in progress at the present 
time. Controlling poverty will control 
cholera and several other diseases. In the 
meantime, however, the development of 
an effective vaccine will remain as the 
best solution to the cholera problem. Natu¬ 
ral infection with Vibrio cholerae pro¬ 
duces strong and long-lasting immunity. 
Since parenateral vaccination against cho¬ 
lera has yielded only modest and short¬ 
term protection, current eflbrts are being 
directed towards the development of an 
oral vaccine that stimulates intestinal 
immunity*^. Two types of oral formula¬ 
tions, one an inactivated vaccine and the 
other a live-attenuated vaccine are under 
clinical trial. The inactivated vaccine com¬ 
prises of killed whole cell-B subunit vac¬ 
cine. The live-attenuated vaccine is based 
on genetically engineered vaccine strains 
of cholera - by deletion of genes encoding 
A and B subunits of cholera toxins, or 
just the A subunit or more recently by 
all currently known putative toxins of V. 
cholerae. Vaccine development in this 
area had been plagued by reactogenicity*^. 
India is developing a live oral cholera 
vaccine which looks extremely good in 
the preclinical research stage and is in 
the process of being tested in the humans. 
Effective oral immunization against 
cholera appears to be a distinct possi¬ 
bility. 


Rabies 

My last example is rabies. More than a 
century after the discovery of a vaccine 
against rabies by Louis Pasteur, this in¬ 
variably fatal disease is still not a disease 
of the past, but is present in both deve¬ 
loped and developing countries. About 
70,000 people still die every year due to 
rabies around the world and about 10 
million people receive post-exposure treat¬ 
ment each year after being exposed to 
rabies-suspect animals. India is in an 
unenviable position with respect to rabies, 
a land where the largest number of people 
die of rabies. About 25,000 die each year 
and one million persons receive treatment 
against rabies each year. In Delhi itself, 
about 300 persons die of rabies each year 
and about 300 persons report daily to 18 
centres for dog bite treatment. Nearly all 
exposures of human populations to rabies 
are from infected dogs, and rabies can 
be effectively controlled by the vaccina¬ 
tion of dogs and by leash regulations. 
The Semple vaccine, which causes neuro¬ 
paralytic accidents, is still manul'actured 
and used in India routinely Ibr post-bite 
treatment. There are today safe and 
effective tissue culture vaccines which 
may be given post-exposure. Human dip¬ 
loid cell vaccine, purified vero cell vac¬ 
cine, chick embryo cell vaccine and 
suckling mouse brain vaccine (an afford¬ 
able high quality vaccine) are all available 
for cutting mortality from rabies by 
post-exposure vaccination, as early as pos¬ 
sible, preferably within 24 hours. The 
surface glycoprotein of the rabies virus 
as an antigen gives complete protection. 
However, prevention in dogs is the key 
to prevention of rabies in India and other 
developing countries. Oral live-attenuated 
vaccine in baits proved to be a highly 
effective way of immunizing wild canine 
populations in western countries. 

The reasons for the current state of 
affairs are: (i) low priority given to rabies; 

(ii) lack of inter-ministerial cooperation; 

(iii) cost of the modern vaccines; and 

(iv) no donor support. Anti-rabies vac¬ 
cines in specially prepared baits for target 
animals have been dropped from helicop¬ 
ters or broadcast manually in urban and 
peri-urban areas in Canada and Europe 
since 1978 with 80% drop in animal 


rabies. It is likely that fox rabies will be 
eliminated in Europe in the near future. 
Substantial progress has been made in 
Thailand, Sri Lanka and China by 
post-exposure treatment with a modem 
vaccine and by control of animal rabies. 
The existing control programme in India 
consisting mainly of reducing or muzzling 
dog populations is a failure. 

Plant-based human vaccines 

Inexpensive, edible vaccines using trans¬ 
genic plants as a delivery system have 
now become a possibility. Protective 
rabies antigen can be expressed directly 
in transgenic plants. Rabies virus glyco¬ 
protein is being expressed in transgenic 
tomato plants. This is a future direction 
of not only rabies but of a number of 
other vaccines. Something to march! 
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An approach to geoscience education beyond 2000 AD 


Han Narain 

During the 20th century, the rate of pro¬ 
gress of civilization, particularly due to 
tremendous leaps in science and techno¬ 
logy has drastically changed the scenario. 
The technology has brought revolutionaiy 
changes even in the methodology of edu¬ 
cation, skill-building and infrastructure. 
But it has also created problems and 
danger of ever-increasing gaps in the 
levels of human resource development, 
knowledge and skills between the ad¬ 
vanced and the developing countries. This 
is an extremely crucial factor and deserves 
urgent attention, because if the gap is 
not arrested quickly and gradually 
narrowed, it may become almost impos¬ 
sible to compete internationally in the 
emerging scenario of global economic 
and social dynamics. This point has also 
direct bearing on the employment of our 
young graduates. 

In July 1995 the Association of Ex¬ 
ploration Geophysicists (AEG) had or¬ 
ganized a workshop on ‘Geophysical 
Education and Manpower Utilization in 
India’. The participants brought out the 
grim employment scenario of geophysi¬ 
cists. 

There is an urgent need to properly 
monitor both resource- and socially- 
oriented demands of the society which 
only the geosciences can respond. And 
for this it will be necessary to bring 
appropriate changes of the course struc¬ 
tures in the colleges and the universities 
to meet the new challenges. 

Earth system sciences consist of the 
study of solid earth and integrated study 
of physico-chemical coupling of the earth 
with hydrosphere, cryosphere, biosphere, 
stratosphere and astro-geophysical phe¬ 
nomena at different time scales which is 
a highly complex and nonlinear process. 

Geophysics is a multidisciplinary sub¬ 
ject earlier confined mainly to study of 
the Solid Earth. It has now expanded to 
engulf hydrosphere, atmosphere, space 
sciences and biosphere. 

Resources available from the Earth are 
water, coal, petroleum, minerals and other 
materials. Their availability and judicious 
utilization determine the level of deve¬ 
lopment of a society. 

The discovery of ozone hole and pos¬ 
sible sea-level rise with increase in levels 


of chlorofluorocarbons, CO 2 , NHj, CO, 
NO, NO 2 , SO 2 and CH 4 have shown that 
the biosphere is critically dependent on 
an extremely delicate balance between 
the different components of the Earth 
System and the activities of man. Waste 
disposal, land degradation, availability of 
groundwater in quantity as well as quality 
and pollution are issues intimately con¬ 
nected with environment. 

Natural hazards like earthquakes, vol¬ 
canos, land-slides, droughts and floods 
require systematic and detailed studies to 
mitigate and try to predict these calami¬ 
ties. 

Quality of life (QOL) is mainly de¬ 
pendent upon per capita use of resources 
and indices of monitoring and security 
from natural hazards and environmental 
degradation. For about 1000 million 
people around 2000 AD and beyond, even 
if the QOL equivalent to a modest Euro¬ 
pean country is targetted, then the 
resource needs per capita will be enor¬ 
mous. 

It is clear from the above that any 
effort to improve the QOL requires that 
the Earth Science is put to the central 
stage due to its direct applicability and 
social context. We have already lost pre¬ 
cious time in our development pro¬ 
grammes by not recognizing this crucial 
priority. This realization needs urgent 
recognition by the planners, the educa¬ 
tionists and those in power at various 
levels to put in direct focus development 
through integrated management of natural 
resources and deeper understanding and 
researches in Earth Sciences. 

A large number of properly trained and 
knowledgeable personnel need to be 
deployed in a planned manner to face 
the uphill tasks ahead. Hence the role of 
geoscience education assumes vital sig¬ 
nificance, because a suitably trained and 
well-formulated work-force alone would 
be able to address problems of (i) energy, 
groundwater and material needs, (ii) sus¬ 
tenance of optimal environmental condi¬ 
tions, and (iii) hazard monitoring and 
mitigation. The socio-economic progress 
will be measured with respect to the 
degree to which the society can meet its 
needs of (a) population, (b) urbanization, 
(c) food production, (d) industrialization, 


(e) economic growth, and (f) quality of 
life. 

For each of the above factors ‘natural 
resources’ and ‘security’ from natural haz¬ 
ards and environmental degradation are 
among the core requirements. To fulfil 
these, more surveys, data collection, better 
data processing and interpretation are 
needed within a specified time frame. 

This will require students well trained 
with adequate information, knowledge and 
concepts on one hand and skills and 
expertise to handle the requisite techno¬ 
logy on the other. Therefore, the curricu¬ 
lum has to be made much more flexible 
so that it can quickly absorb the emerging 
and expanding horizons of modern geo¬ 
sciences and respond to new challenges 
as and when posed. 

This will need two streams of courses 
comprising of core subjects and optionals. 
The latter could serve to cope with the 
multidisciplinary nature of Earth Sciences. 
Certain applied aspects of geosciences 
deserve to be taken up as engineering 
courses so that focused technological ex¬ 
pertise could be built to address the prob¬ 
lem of exploration and management of 
natural resources. This will also go a 
long way in bridging the technology gap. 

Special stress needs to be put on (i) 
interfacing the education with industry, 
R&D and other user agencies, and (ii) 
entrepreneurship so that geoscientists do 
not always depend on government jobs. 

It is necessary that the output of our 
university/college system inculcates a new 
perception towards earning their liveli¬ 
hood as well as contributing to the 
socio-economic growth of the country. 

The educational institutions and indus¬ 
try will also have to conduct periodic 
refresher courses for teachers, research 
fellows and professionals to suitably 
acquaint them with the latest concepts, 
methodologies and cutting edges of Sci¬ 
ence and Technology. 

At present the geosciences are intro¬ 
duced at graduate and post-graduate 
levels. However, in view of depleting 
resources and ever-increasing ground- 
water and environmental issues, it is 
necessary that awareness and appreciation 
of earth sciences is inculcated among the 
students from school level itself. A basic 
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knowledge of the Earth, its bounty and 
need to properly manage its resources 
while preserving the sanctity of its en¬ 
vironment are among the important issues 
which should be suitably introduced. 

As the knowledge and expertise of 
geosciences need to be utilized for sus¬ 
tainable and eco-friendly development of 
the country and gainful employment 
generation, it is essential that during edu¬ 
cational career itself the students are ex¬ 
posed to different requirements of related 
industries and user agencies. 

The awareness of Earth Sciences and 
the consequences of their neglect must 
spread to a broader base. Ways and means 
need to be devised to educate (i) general 
public, (ii) media, (iii) legislators and 
parliamentarians, (iv) industry managers, 
(v) bureaucrats, and (vi) voluntary agen¬ 
cies. 

I have tried to briefly outline an 
approach which may be considered for 
the geoscientific education pattern in the 
coming decades. The bases for this are 
the requirements of (i) keeping in view 
the crucial coupling between litho-bio- 
hydro-atmosphere and space and bring 
in a holistic approach towards better un¬ 
derstanding and management of natural 
resources, hazards and environment, (ii) 
developing far stronger links between 
education and needs of the society, 
industry and user agencies, and (iii) 
making both public and decision makers 
aware of the crucial role of geosciences 


in the socio-economic growth of our coun¬ 
try and need to support it. 

For this, geoscientific education and 
awareness has to begin right from the 
school level. In case of specialized needs 
such as petroleum, groundwater, instru¬ 
mentation and environment, certain 
focused technological courses on the 
pattern of IITs could be considered. The 
University curriculum needs to be made 
more flexible and dynamic, specially with 
regard to the optional courses. And it 
should put more stress on application of 
newer knowledge, and concepts to certain 
unique geological and geophysical char¬ 
acteristics of our Indian lithosphere. 

It is strongly felt that in addition to 
the formal education, there is also an 
urgent need to enhance the perspective 
and information level of our planners, 
decision makers and general public about 
the geosciences and their application. 
Because of grossly inadequate appreci¬ 
ation of the potential of earth sciences 
hitherto prevailing over the past five 
decades of our independence, this socially 
most vital subject has not received the 
attention and support that it deserves. 
This neglect has already proved quite 
costly to the nation with respect to ex¬ 
ploration and integrated management of 
our natural resources. The ever-increasing 
import bill of the fuel energy needs of 
the country, never-ending river water dis¬ 
putes, droughts and floods are some of 
the obvious results of this neglect. The 


protection of environment and mitigation 
of natural hazards are also among the 
essential ingredients for survival and 
growth. 

Educational pattern for any forthcoming 
era has to be evolved based on the proper 
anticipation of the problems and demands 
likely to be posed by that era. We have 
to very quickly establish this phase-lead 
for education vis-a-vis the Society. Only 
that education can sustain or keep the 
Society and its individuals ‘alive’ in the 
very best sense of this word which ade¬ 
quately respond to their ever-changing 
problems and demands. If the Society 
and the individual are not able to achieve 
a positive growth against modern day 
competition and requirements, then that 
education pattern is not worth it and the 
Society may slowly decay. 

Actually the approach presented above 
is not new. It was enunciated long long 
back very succinctly in this land through 
the immortal saying vidyaya-amrut-a- 
shnute. It means that only that ‘learning’ 
is worthy of being called ‘vidya’ which 
can keep us as individuals and society 
moving eternally on the path of progress. 
This indeed is the ageless formula to 
design an educational pattern. 


Hari Narain is in the National Geophy¬ 
sical Research Institute, Hyderabad 
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SCIENTIFIC CORRESPONDENCE 

Citral: A cytotoxic principle isolated from the essential oil of 
Cymbopogon citratus against P 388 leukaemia cells 


Higher plants are reservoirs of various 
valuable secondary metabolites which can 
be exploited for different biological prop¬ 
erties. During recent years many kinds 
of compounds of plant origin have shown 
antitumour activity. Taxol from Taxus 
brevifolia, vinblastine and vincristine from 
Vinca rosea and curcumol from Curcuma 
aromatica have been demonstrated to 
have promising anticancerous activity 
during clinical trials'. In the present in¬ 
vestigation, the essential oil of Cymbo¬ 
pogon citratus and its isolated active 


principle have been tested for cytotoxicity 
against mouse leukaemia cells. This 
plant has already shown promising insec¬ 
ticidal and antifungal activity against stor¬ 
age pests^. Cymbopogon citratus {Andro- 
pogon citratus) is known only in culti¬ 
vated state. The Ayurveda describes this 
grass as pungent, bitter, sharp and hot. 
It is a medicinal plant used in fover, 
vomiting and rheumatism^. 

The leaves of C citratus were collected 
from Medicinal Plant Garden, Banaras 
Hindu University. These were washed 


Table 1. Physico-chemical properties of 
essential oil of Cymbopogon citratus 


Parameter 

Cymbopogon citratus oil 

Colour 

Pale yellow 

Specific gravity 

0.8875 

Optical rotation 

- 6.5 at 32“C 

Refractive index 

1.496 at 29“C 

Acid number 

7.84 

Saponification value 

98.76 

Ester value 

90.92 

Carbonyl percentage 

56.296 

Phenolic content 

Nil 
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with distilled water and were subjected 
(o hydrodistillation in Clevenger’s appa- 
ratus. The volatile fraction containing the 
pale yellow essential oil was extracted. 
The essential oil was standardized by gas 
liquid chromatography and by different 
physico-chemical properties, viz. specific 
gravity, acid number, optical rotation, 
refractive index, saponification value, 
ester value, carbonyl percentage and phe¬ 
nolic contents (Table 1) following 
Guenther"^. 

The crude essential oil was subjected 
to TLC in different gradients of n-hexane 
and ethyl acetate. The oil was further 
subjected to column chromatography (in 
a silica gel column) with «-hexane-ethyl- 
acetate (48:2, 9:1 and 8:1). In the gradient 
system 9:1, a light yellow oily fraction 
with lemon odour was eluted as a major 
fraction. The elute was completely evapo¬ 
rated of the solvents. During TLC only 
one peak was observed in the isolated 
fraction. This fraction was then subjected 
to and *^NMR studies using Bruker 


AM-400 instrument with chemical shifts 
reported in ppm and measured with 
CDCI3. The NMR study indicated this 
fraction to be citral(3,7-dimethyl-2-6- 
octadienal, molecular formula 
having a mixture of two geometric iso¬ 
mers - geranial and neral (7.5:2.5) with 
the following configuration (Figures 
1 a, b). The cytotoxicity of citral was 
tested by the MTT [3-(4,5-dimethyl thia- 
zol-2yl) 2,5-diphenyl tetrazolium bro¬ 
mide] colorimetric assay on a 96-well 
plate following Morita et al^. cells, 
supplied by Dr S. Tsukagoshi of the 
Japan Foundation for Cancer Research, 
were maintained in RPMI-1640 medium 
(Nissui Pharm Co.) supplemented with 
5% fetal calf semm (Mitsubishi Chemical 
Industry Co.) and kanamycin (lOOfig/ml). 
The cells (3 x 10^ cells/well) were cul¬ 
tured in Coming disposable 96 well plate 
containing lOOpg/ml of growth medium 
per well and were incubated at 37°C in 
a humidified atmosphere of 5% COj. 
Citral (lOjiLl) was added to the cultures 


at day 1 after the transplantation. At day 
3, 20 |il MTT solution (5 mg/ml) per well 
was added to each cultured medium. After 
a further 4h of incubation, 100 ml of 
10 % SDS-0.01 N HCl solution was added 
to each well and the formazan crystals 
in each well were dissolved by stirring 
with a pipette. The optical density was 
measured by using a microplate reader 
(Tohso MPR-A4i) with a two-wavelength 
system (550 and 700 mm). In all these 
experiments, 3 replicate wells were used 
to determine each point. The cytotoxic 
potency was observed in the form of 
value ( jLig/ml), which was defined as the 
concentration of sample that achieved 
50% reduction of viable mouse leu¬ 
kaemia cells (Figure 2). 

The gas liquid chromatography of the 
cymbopogon oil indicated it to be a mix¬ 
ture of two major components. Its 
physico-chemical properties (Table 1) 
indicate absence of phenol in it and its 
having high saponification and ester 
values. The IC^^j value of citral, the active 


l.r>7(hr. .s) 



. - 1 ■ 

5.86 (()(IJ=8;iniI I M/.) 

9.!)7(d,J=RII/) 9.88((J,J=SII,,) 5.Rf, (,l,l,J.8;„Kl I II/.) 


Trans-geraniol Cis-ncrol 

Citral -a Citral-b 


Figure 1 a. 'h NMR signal assignments in citral. 
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Figure 2. Cytotoxic activity of citral against cell line by means of MTT assay method. 


principle of cymbopogon oil, against 
mouse leukaemia cells was 7.1 |Xg/ml. 

This is the first report on cytotoxicity 
of citral against mouse leukaemia cells. 
It is one of the major constituents of several 
aromatic plants, particularly of the family 
Lamiaceae. Its earlier recorded biological 


properties as a fungicide, insecticide and 
its cytotoxic potency against cells 
indicate the possibility of its exploitation 
as a pesticidal and chemotherapeutic agent. 
More research through clinical trials is war¬ 
ranted to find out its antitumour promotion 
effects. 
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8 th ISMAS Workshop on Mass Spectrometry 

Date: 4-9 August 1997 
Place: Mumbai 

Topics include: Fundamental aspects and applications of 
mass spectrometry; Inductively coupled plasma source mass 
spectrometry (ICP-MS); Glow discharge mass spectrometry 
(GDMS); Laser-based mass spectrometry (RIMS, MALDI, etc.); 
Accelerator-based mass spectrometry (AMS); Liquid chroma¬ 
tography-mass spectrometry (LC-MS); Electrospray mass 
spectrometry (ES-MS); Tandem and hybrid mass spectrometry 
(MS-MS); Mass spectrometry in nuclear, geological, biological, 
environmental and forensic sciences; Mass spectrometry in 
industry (petroleum, textile, agriculture, pharmaceutical, etc.); 
Quantitative analysis in inorganic and organic mass spectrometry; 
Other topics (TIMS, SSMS, SIMS, KCMS, EGA, etc,). 

Contact: Dr S. K. Aggarwal 
Secretary, ISMAS 
Bhabha Atomic Research Centre 
Trombay, Mumbai 400 085 
Phone: 5563060 Extn. 2463/ 2860 (O); 5565694 (R) 
Fax: 022-5560750/5560534 
E-mail: skaggr@magnum.barc.emet.in 


Silver JubUee Conference on Trends and Techniques in 
Transportation (TETRA 97) 

Date: 23-25 August 1997 
Place: Warangal 

Themes include: Transportation planning. Transportation system 
management, Infrastructure development and Private participation 
in transport sector. 

Contact: Prof. B. P. Chandrasekhar 
Principal Co-ordinator 
TETRA 97 

Centre for Transportation Engg. 

Regional Engineering College 
Warangal 506 004 

Phone: 08712-76553; 76544, 45, 46 

Fax: 08712-76547 

E-mail: tetra97@recw.emet.in. 
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Vaccine research: A case for national 
innovation strategy 


Y. Madhavi 

Vaccines are important in primary health care as preventive medicines against infectious diseases. 
Self-sufficiency in vaccine production and self-reliance in vaccine technology are therefore 
important determinants of our national health security. A survey of the vaccine scenario in 
India revealed that (a) indigenous production is generally erratic and far below the demand 
level, (b) Indian vaccine programme is excessively dependent on either imported technology or 
imported vaccines or both, (c) our technology base is poor, and (d) innovations in vaccine 
R&D are inadequate. The technology mission started by the Government of India under the 
Universal Immunization Programme in 1986 yielded some results in improving the number of 
people covered under the vaccination scheme. But it failed to enhance our technological 
capabilities and innovations, primarily due to the lack of a clear strategy aimed at self-reliance. 
These findings underscore the need for a national innovation strategy for self-reliance in vaccine 


development and production. 

Infectious diseases are a major cause for concern all 
over the world, but more so in the developing countries. 
About 16.5 million people died globally owing to 
infectious and parasitic diseases in 1993, of which 16.3 
million belonged to the developing countries^ What is 
more striking is that about one-third of these deaths 
was due to vaccine-preventable diseases. Over 2.36 
million children under the age of 5 years died in 1993 
due to vaccine-preventable diseases in developing coun¬ 
tries alone. These deaths could have been avoided, if 
they were vaccinated in time. 

In India, mortality due to vaccine-preventable infectious 
diseases is still high, especially among children (Table 
1 a, b). These include measles, pertussis, tetanus, polio 
and diphtheria, for which vaccines are currently available 
and many of them are even produced in the country. 
While the incidence of these diseases has been showing 
a decline as immunization status of the population 
improved, the resurgence of diseases such as tuberculosis, 
malaria, acute diarrhoeal diseases, kala azar, Japanese 
encephalitis and dengue fever poses a major challenge, 
since many of them are resistant to drugs and vector 
control agents, and vaccines against these diseases are 
either ineffective, or are still being developed^ 

Vaccine scenario in India 

At the turn of this century, several top British medical 


Y. Madhavi is in the National Institute of Science, Technology and 
Development Studies, Dr K. S. Krishnan Marg, New Delhi 110 012, 
India. 
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scientists came to India to study tropical diseases as 
they were severely afflicting the imperial armies. They 
set up the Haffkine Institute, Bombay (1904), Central 
Research Institute, Kasauli (1905), King Institute of 
Preventive Medicine, Madras (1904) and Pasteur Institute, 
Coonoor (1907), which conducted research into local 
diseases and produced sera and vaccines to fight cholera. 


Table 1 a. Reported cases and deaths due to 
infectious diseases for which vaccines were 
already available in India during 1991-1992 


Disease 

Cases 

Deaths 

Poliomyelitis 

9390 

230 

Tetanus 

18710 

2580 

Diphtheria 

6801 

458 

Measles 

92297 

838 

Pertussis 

61848 

47 

Tuberculosis 

942254 

8501 

Rabies 

12291 

640 

Total 

1143591 

13294 


Table 1 b. Reported cases and deaths due to infectious 


diseases for which vaccines were either being developed 
or considered feasible in India during 1991-1992 

Disease 

Cases 

Deaths 

Hepatitis 

98047 

1268 

Malaria 

2125826 

422 

Acute diarrhoeal diseases 

9528037 

6499 

Cholera 

6911 

55 

Leprosy 

1673015 

_ 

Total 

13431836 

8244 


Source: Compiled from Health Information India, 1993. 
Data is provisional due to ill coverage. 
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typhoid and small pox. Since independence, four more 
public sector units and an equal number of private sector 
units came up to boost vaccine production in the country. 

Thus, India gained an eaiiy entry into vaccinology 
and had every reason to become self-sufficient in vaccine 
production over the years. However, the situation today 
is exactly the reverse. Vaccine production in India is 
far from meeting the demand. While the demand for 
most vaccines is in the range of millions of doses, 
indigenous production is of the order of lakhs (Table 
2). Moreover, the trends in the production pattern of 
various vaccines in the last 10 years indicate that the 
pfoduction has been erratic and inconsistent (Table 3). 
As a result, half a century after independence, India 
continues to import most vaccines (Table 4). In the case 
of polio, almost the entire requirement of oral polio 
vaccines (OPV) is being met through imports. 

In addition to the primary vaccines, which are a part 
of the Universal Immunization Programme (polio, 
measles, DPT and TT), several other vaccines, such as 
those meant for TB (BCG), yellow fever, Japanese 
encephalitis, rabies, cholera and typhoid are being pro¬ 
duced in India, many of which are also in short supply. 

Indigenous research into vaccine development received 
the much-needed attention only after the Government 
of India launched a technology mission under the 


Department of Biotechnology (DBT) in 1986. Efforts 
to develop new or improved vaccines against leprosy, 
hepatitis B and C, TB, typhoid, polio, cholera, rotavirus, 
rabies, etc. are currently at different stages of R&D in 
various academic institutions in India (Table 5). Sig¬ 
nificantly, many of them are a part of the Indo-US joint 
Vaccine Action Programme. Very few of these projects 
have been able to develop candidate vaccines which 
reached the stage of clinical trials, and successful com¬ 
mercial production based on indigenous R&D has not 
been achieved for any vaccine so far, though it can be 
argued that it is too early to expect such results. 

Technological gaps 

An ideal vaccine should have the following properties: 
(a) single dose administration, (b) life-long protection, 

(c) safety from the risk of infections and side effects, 

(d) heat stability, (e) simple and cost-effective technology 
for mass production, (f) easy method of administration, 
such as, for example, oral instead of injectible prepa¬ 
ration, and (g) multipotent hybrid vaccines or formula¬ 
tions such as DPT, so that a single preparation can 
offer protection from a range of diseases. 

Unfortunately, there is not a single vaccine anywhere 
in the world that can qualify for being an ideal vaccine. 



Table 2. 

Installed capacity and production of vaccines (Figures 

in lakh doses) 





Installed 

capacity 


Actual production (1991-1992) 

Institutions 

DPT 

DT 

TT 

BCG 

OPV Measles DPT 

DT 

TT 

BCG OPV Measles 

Public sector 

Central Research Institute, 









Kasauli 

220.00 

170.00 

270.00 


137.60 

170.93 

259.21 


Pasteur Institute, Coonoor 

150.00 

100.00 

100.00 


150.40 

93.49 

97.70 


Haffkine Biopharmaceutical 

60.00 

60.00 

120.00 


420.00* 60.00 

0.0 

120.00 

380.00 

Corporation Ltd, Bombay 







Pasteur Institute, Shillong 

King Institute of Preventive 


50.00 

50.00 



0.0 

0.0 


Medicine, Madras 


0.0 

100.00 

308.00 


0.0 

80.00 

168.50 

SVI, Patwadanagar 



20.00 




50.00 

Bengal Immunity, Calcutta 
Bharat Immunologicals and 



60.00 


1000,00^ 


4.20 

0.00 

Biologicals Corporation Ltd, 
Bulandshar 









IPM, Hyderabad 



50.00 




13.60 


Private sector 










Serum Institute, Pune 
Biological Evans, Hyderabad 
Glaxo, Bombay 

Bio Vaccine, Hyderabad 
Radicura Pharma, Delhi 
Indian Vaccine Corporation 
Ltd, Gurgaon 

1140.00 

240.00 

52.00 

400.00 

240.00 

1500.00 

1000.00 

52.00 

750.00 

2000.00* 

700.00 

200.00 

695.00 

150.00 

77.30 

276.40 

110.00 

967.00 

400.00 

18.00 

310.00 


570.50 

680.00 

0.00 

0.00 

Total 

Requirement* 

1862.00 

1020.00 

4072.00 

308.00 3420.00 

900.00 

1270.30 

1320.24 

650.82 

350.00 

2319.71 

1190.00 

168.50 

500.60 

950.50 

1550.60 

680.00 

500.00 


Source: Compiled from Health Information India, CGHS, New Delhi, 1995. 

*SuppIied after procuring finished product. 

■^Starting indigenous production. 

^Annual report of Ministry of Health and Family Welfare 1994-1995, GOl, New Delhi. 
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However, efforts are on to bring the currently available 
vaccines as close as possible to the ideal situation. For 
example, most vaccines available currently require several 
rounds of immunization to develop adequate immune 
protection. There are also problems related to safety, 
especially while using whole cell vaccines. The pertussis 
component of DPT vaccine, as well as typhoid and 


rabies vaccines are highly reactogenic and less effica¬ 
cious. Similarly, BCG offers very little protection from 
TB among adults. 

While research efforts to minimize these deficiencies 
have met with some success in the West, India is 
generally lagging behind in coping up with these tech-- 
nologies (Table 6). For example, the technology for the 


Table 3. Production of vaccines in India from 1988-89 to 1992-93 


Vaccine 

A/C unit 

1988-89 

1989-90 

1990-91 

1991-92 

1992-93 

Triple vaccine 

KL 

11.55 

24.95 

13.79 

13.7 

19.8 

Tetanus anti toxin 

MU 

7700.00 

9659.00 

6103.00 

10756.0 

5004.00 

Diphtheria anti toxin 

MU 

219.00 

150.00 

462.00 

2679.00 

442.00 

Source: Indian Drugs and Statistics, 

1992-93. 





Table 4. Imports of immunological agents during 1991-92 and 

1992-93 




1991 

-92 



1992-93 


Total aval la- 


% of imports 

Total 


% of imports 

Vaccine A/C unit 

bility (TA) 

Imports 

to TA 

availability 

Imports 

to TA 

DT MU 

2681.00 

2.00 

0.07 

5792.00 

5350,00 

92.37 

Polio Lakh doses 

950.50 

950.50 

100.00 

135.50 

135.50 

100.00 

TT Lakh doses 

10756.00 

- 

_ 

294.00 

69.63 

20.28 

Rabies Lakh doses 

318.49 

- 

- 

355.04 

1.50 

0.40 


Source: Compiled from Indian Drugs and Statistics, 1992-93; and Health Information India. 1993. 


Table 5. Current status of R&D of vaccines in India 


Vaccine 

Institute 

Current status 

/3 hcg-TT 

National Institute of Immunology 
(Nil), New Delhi 

Phase II clinical trials 

Leprosy M.W. 

Nil, New Delhi 

Phase III clinical trials 

Leprosy ICRC 
bacillus 

Foundation for Medical Research, 
Bombay 

Completed animal studies 

0-FSH based male 
contraceptive 

IISc., Bangalore 

Phase I clinical trials 

Hepatitis B 

Nil, New Delhi 

R&D 

Hepatitis C 

Nil & AIIMS, New Delhi; NIV, 
Pune 

R&D 

Cholera 

Nil, New Delhi; IISc., Bangalore; 
CDRI, Lucknow 

R&D 

Tuberculosis 

IISc., Bangalore; Delhi Univ. and 
Nil, New Delhi 

R&D 

Typhoid 

CMC, Vellore 

R&D 

ETEC 

NICED, Calcutta 

R&D 

Polio 

CMC, Vellore 

R&D 

Rota virus (diarrhoea) 

IISc., Bangalore; AIIMS, New 
Delhi 

R&D 

Malaria 

CDRI, Lucknow 

R&D 

Rabies 

PI, Coonoor; CRI, Kasauli 

R&D to develop vero cell 
culture technology 


Source: Compiled from annual reports of DBT from 1987-88 to 1993-94, 
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production of any vaccine against polio is just not 
available in India, Indian Vaccines Corporation Limited 
(IVCOL), established in 1989 as a joint venture company 
between the DBT, IPCL (GOI) and the Institut Merieux 
(France) to produce OPV indigenously had to be closed 
down even before the transfer of technology materialized, 
as the ownership of the French company had changed 
in the meantime, and the new owner declined to honour 
the commitment to transfer technology to the Indian 
joint-venture project^. 

Non-availability of the latest technology from abroad 
is only one part of the problem associated with the 
present vaccine production strategy in India. There is 
no guarantee that the latest technology available abroad 
is necessarily the best in the Indian situation. 

For example, the OPV technology currently being 
used abroad imposes a strict maintenance of the cold 
chain (~ 20°C), as the shelf life of the vaccine at 37°C 
is less than 2 days. Inability to maintain the cold chain 
is often cited as a reason for the limited success of 
Indian polio vaccination programme'^^ On the other 
hand, IPV technology, though older and less effective, 
renders the polio vaccine stable at room temperature, 
and thus preferable for Indian conditions, especially 
when vaccination has to be performed in remote villages. 

Gaps in innovations 

Technological edge comes only through continuous 
efforts towards innovations in process and product 
improvement. There is a tremendous scope for such 


innovation in vaccines for the simple reason that there 
are no ideal vaccines today, and improvements are 
possible for even what are considered to be the best 
candidates in the market. 

For example, conventional preparation of vaccines 
involves the use of killed or attenuated microorganisms, 
the safety and efficacy of which are limited. With the 
advent of modern biology, a whole new generation of 
vaccines are becoming available which use genetic engi¬ 
neering and improved cell culture-based techniques. Some 
of the more recent preparations are subunit and recom¬ 
binant vaccines. 

These are examples of more complex innovations, 
which involve almost a complete replacement of existing 
products and processes. While there has been some 
success in introducing cell culture-based production in 
India (Tables 5 and 6), recombinant DNA-based tech¬ 
nologies are still a far cry, because of our inability to 
build up our innovative capabilities in biochemical en¬ 
gineering, downstream processing, etc. at par with Indian 
strengths in genetic engineering skills^. 

On the other hand, there could be other smaller 
innovative inputs to optimize process performance, or 
to make the existing products more stable, more efficient, 
or less costly. Inputs are also required to ensure quality 
of vaccines to meet global standards. Unfortunately, the 
only vaccines in India which meet WHO standards of 
quality are the tetanus and measles vaccines, produced 
by a private firm. Serum Institute of India, Pune. 

The measles vaccine that is currently in use worldwide 
works only in children above the age of 9 months, 


Table 6. Contra.sting features of the present vaccine technology situation in India and abroad and directions of 

future research 



Current vaccine technologies 


Vaccine 

Global scenario 

Indian scenario 

R&D trends world-wide 

IPV 

Vero cell culture-based techno¬ 
logy, requires 3-4 doses, 
thermostable, costly 

Entire polio vaccine is being 
imported so far 

Efforts to improve efficacy 

OPV 

Monkey kidney cell culture 
based technology, requires 3 
doses, thermolabile, cheap 

Almost entire polio vaccine is 
being imported so far 

Efforts to enhance thermostability 

DPT 

Acellular pertussis component, 
requires 2 doses, efficient 

Conventional preparation (live 
attenuated virus or human 
immunoglobulins) 

Efforts to improve purity and 
pertussis component 

Measles 

Schwarts strain and phick 
embryo fibroblast cell culture 
technology, requires single dose 

Human diploid cell culture 
technology, only manufactured by 
private sector (Serum Institute, 
Pune) 

R&D efforts to vaccinate before 
6 months in children. A new live 
vector vaccine is being tested and 
other 3 vaccine candidates are 
under R&D 

Hepatitis-B 

(1) rDNA technology 

(2) Plasma-derived technology 

Production nil 

R&D efforts to combine with 
DPT 

Rabies 

Vero cell micro carrier techno- 
logy 

Sheep brain BPL inactivation cell 
technology 

Efforts to develop vaccinia re¬ 
combinant rabies vaccine 


Source: Compiled from DBT annual reports and WHO, 1995. 
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whereas the disease is most prevalent among children 
between 4 and 9 months of age. Moreover, the vaccine 
is highly contagious, and could pr@ve to be fatal unless 
it is stored and handled under sterile conditions^. These 
are some of the problems associated with measles vaccine 
which require innovative solutions. 

Improving the stability of vaccines is another chal¬ 
lenging area in which even small improvements can 
lead to big advantages. For example, BCG, measles and 
yellow fever vaccines are more stable in freeze dried 
form than as liquid preparations. Similarly, most vaccines 
require a strict adherence to cold chain during storage, 
transport and delivery. This is practically impossible in 
the Indian situation, and therefore often leads to inade¬ 
quate immune protection (if not a total lack of it) in 
spite of a good coverage. 

In the case of polio vaccine, through IPV had the 
advantage of being stable at room temperature, its high 
cost (over 4-fold compared to OPV) and lesser efficiency 
made it a second choice after OPV. However, as has 
been mentioned earlier, deficiencies in OPV immuniza¬ 
tion were attributed, at least in part, to the failure in 
maintaining the cold chain. 

Recent findings by Crainic of the Institut Pasteur, 
Paris, that preserving OPV in heavy water instead of 
magnesium chloride solution renders the vaccine stable 
even at 45''C, offers tremendous hope in breaking away 
from the cold chain^ In principle, this logic applies 
equally well for preserving all live virus vaccines. Though 
WHO has estimated that the use of heavy water increases 
the cost of live vaccines by about 20%, the savings 
made from refrigeration costs would more than offset 
this increase. India should use the surplus heavy water 
being produced indigenously to stabilize vaccines and 
augment its immunization programmes with a sense of 
urgency. 

Thus, there is no dearth of avenues for innovations 
in vaccine technology, and India was in a reasonably 
comfortable position because of its early entry into this 
field. In fact, unlike most other sectors of the Indian 
manufacturing industry, vaccine-producing units in India 
had a very significant R&D component from the very 
beginning. This could have given India a tremendous 
lead in the field, if the in-house R&D component was 
strengthened and effectively harnessed to boost vaccine 
production. This could have helped not only in achieving 
self-sufficiency within the country, but also in aiming 
at the world market. However, this did not happen, and 
Indian in-house R&D establishments seem to be satisfied 
by ‘catching up’ with the more recent technologies, 
rather than taking the lead. 

One of the reasons for this situation seems to be 
tendency on the part of the government to accord priority 
to imports rather than indigenous development and ca¬ 
pability building. In fact, in most cases, the very order 


of priority in vaccine production has been: firstly to 
import finished products, secondly to import in bulk 
and reformulate in India, thirdly to import technology 
for local manufacture. In such a situation, it is difficult 
to expect a strong motivation and incentive for indigenous 
innovations. This is best exemplified by Bharat Immu- 
nologicals and Biological Corporation Limited (BIB- 
COL), which continues to produce OPV from imported 
bulk and has not been able to achieve its target of 
indigenous production so far. It is being hoped that the 
lessons from BIBCOL and IVCOL experiences will 
prompt a rethinking on the Indian strategy for vaccine 
production. 

I 

Gaps in linkages 

A closer examination of the Indian vaccinology R&D 
scenario reveals that we have a strong base and basic 
infrastructure in microbiology, immunology, biochemis¬ 
try, molecular biology, rDNA technology, animal cell 
culture and chemical engineering. Over the last decade, 
Several ambitious projects have been initiated to produce 
new or improved vaccines in various research institutions 
in India. In addition, several vaccine-production units 
have their in-house R&D programmes. What seems to 
be lacking, however, is a mechanism that forges effective 
linkages between the various groups of actors from their 
diverse fields synergizing their strengths towards a com¬ 
mon goal. 

At the level of individual institutions such as Central 
Drug Research Institute (CDRI) and National Institute 
of Immunology (Nil), there have been some examples 
of successful links with other institutions, hospitals, etc. 
But linkages with industries were comparatively weaker, 
one-sided, linear, and often hierarchicar^. While this 
deficiency has been widely acknowledged in recent 
timesinstitutional mechanisms to improve the situation 
are yet to emerge in a concrete manner. 

The Indo-US joint Vaccine Action Programme (VAP) 
was widely acclaimed to be an important step in forging 
effective linkages with the specific purpose of vaccine 
development. While there is no denying this fact, one 
would have liked to see similar enthusiasm in building 
similar linkages within the country, a step that was long 
overdue. Another important aspect of some of the foreign 
linkages has been the terms and conditions agreed to 
by the Indian side. Indian negotiations with respect to 
foreign joint venture projects have often met with criti¬ 
cism, whether it is VAP, BIBCOL or IVCOL. A thorough 
review of the Indian experiences with these projects 
needs to be undertaken in retrospect, and lessons drawn 
for the future. 

National innovation strategy 

The above discussion strongly underlines the need for 
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a national policy on vaccines. Shaping a national inno¬ 
vation strategy should be an integral part of this exercise. 
As a developing country located in the tropics, India 
is in a highly vulnerable situation with respect to 
infectious and parasitic diseases, and their increasing 
resistance to curative methods of control underscores 
the need for vaccines. The very fact that tropical diseases 
research accounts for a mere 5% of the global health- 
related R&D, even though they account for over 90% 
of the world’s disease burden^ strongly points to the 
need for indigenous efforts to fight them. 

Thus, vaccines are indispensable preventive medicines 
against infectious diseases, and self-sufficiency in vaccine 
production and self-reliance in a vaccine technology are 
undoubtedly the important determinants of our national 
health security. Moreover, our experience with imported 
technologies and foreign joint ventures further emphasizes 
this point. In this context, the following aspects need 
to be emphasized: (a) A reliable information system on 


infectious and parasitic diseases based on regular sur¬ 
veillance should be the bottom line of any such effort; 

(b) Revitalizing the in-house R&D base in vaccinology; 

(c) Stress on indigenous manufacture and import sub¬ 
stitution; (d) A national award and other incentives for 
innovations in vaccines; (e) Linking research institutions 
and in-house R&D around specific projects, and (f) A 
specially earmarked fund for R&D in vaccines. 
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MEETINGS/SYMPOSIA/SEMINARS 


Second Contact Programme on Molecular Biology and Crop 
Biotechnology (1997) for M Sc Ag. students 

Date: 27 August to 10 September 1997 
Place: Meerut 

The programme aims to expose M Sc/M Sc Ag. students and 
fresh research students of Agricultural and Life Sciences to 
recent developments in Molecular Biology and to provide them 
basic training in the application of molecular biology techniques 
for crop improvement. 

There will be laboratory exercises involving the following 
techniques: Isolation and purification of genomic and plasmid 
DNA, isolation of RNA, estimation of DNA and RNA, gel 
electrophoresis, restriction digestion of genomic and plasmid 
DNA, radiolabelling of probes, Southern and in-gel hybridization, 
Northern hybridization, PCR, DNA sequencing, etc. 

Contact: Prof. P. K. Gupta 

Department of Agricultural Botany 
Ch. Charan Singh University 
Meerut 250 004 

Phone: 0121-768195 (Lab.)/562505/560448 (Res.) 
Fax: 0121-767018. 


National Workshop on Environmental Pollution Control and 
Regulation Strategies 

Date: 12-13 September 1997 
Place: Calcutta 

Topics include: Various aspects of pollution control and its 
regulation, the control strategies for abatement of air, ^water 


and lood pollution and also to fulfil the zero pollution targets 
and ISO 14000 certification. 

Contact: Dr D. P. Modak 

Environmental Sciences Section 
Bose Institute 

P-1/12, C.I.T. Scheme VII-M 
alcutta 700 054 

Phone: 337-9544, 9416, 9219 
Telex: 021-2646 
Fax: 91-33-334-3886 
E-mail: dpmodak@boseinst.emet.in 

XXVIII National Seminar on Crystallography 

Date: 24-26 September 1997 
Place: Kottayam 

Subject categories include: A. Methods in crystal structure 
analysis and computational methods, B. Crystallography in 
biology, biochemistry and pharmacology, C. Materials sciences, 
D. Real and ideal crystals, E. Inorganic and mineralogical 
crystallography, F. Structures of organic, organometallic coor¬ 
dination compounds and polymers, G. Education, data retrieval 
and other topics in crystallography, H. Structure methods other 
than diffraction, I. Apparatus and techniques. 

Contact: Prof. M. A. Ittyachen 
Chairman 

XXVIII National Seminar on Crystallography 
School of Pure & Applied Physics 
Mahatma Gandhi University 
Priyadarshani Hills P. O, 

Kottayam 686 560. 
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Some solid state chemistry with holes: 
Anion-cation redox competition in solids* 

Jean Rouxel 

College de France, 11 Place Marcelin Berthelot, 75231 Paris Cedex 5, France and 

Institut des Matdriaux de Nantes, UMR 6502, 2 rue de la Houssinifere, BP 32229, 44322 Nantes Cedex 3, France 


The raising up of the sp anionic band when going from 
oxides to the less electronegative sulphides, selenides 
or tellurides facilitates redox anion-cation interactions 
involving the d levels of transition metal cations and 
the sp levels of anionic groups. Holes may appear at 
the top of this sp valence band. These holes allow to 
practice a nice soft chemistry of the redox type by 
neutralizing them with electrons. One can also stabilize 
particular structural types. Finally, one can recognize 
three domains among transition elements, (i) on the 
left part of the period table layered structures are 
observed which involve cations and (chalcogen)^*" 
anions, (ii) then the formation of sets of metal-metal 
bonds is observed, the geometry of which depends on 
both the initial electronic population and the electronic 
transfer to the metal, (iii) on the right hand side the 
highest oxidation state of the metals are not active 
anymore and the holes at the top of the sp band are 
taken up by a catenation of the anions. 


In solid state chemistry most of the time a central role 
is assigned to cations. We have progressively become 
accustomed to describing the structures in terms of 
polyhedra that are built by the anions around the cations 
and which may be isolated or share corners, edges or 
faces. There are good reasons for this particular attention 
paid to cations: transition metal cations bring magnetic 
properties, eventually optical properties, and most of the 
time conduction bands are built up from their d orbitals. 
The anions are regarded to play a more passive role 
without any fluctuation of charge on them. Sometimes 
they appear to simply build a framework in the interstices 
of which the distribution of cationic species represents 
the important issue. This way of thinking can be traced 
back to the immense development of the chemistry of 
oxides and fluorides for which a hard sphere model 
remains largely valid. 

In terms of electronic energy the said situation cor¬ 
responds to one in which the anionic s and p levels 
form a band whose upper edge is low-lying. Except for 
the highest oxidation states, the d levels will be above 
the sp anionic band and will lead, indeed, to very ionic 
states. On going from oxygen to sulphur, selenium and 

*Text of First C. N. R. Rao lecture given at the Indian Institute of 
Science, Bangalore on 18 February 1997. 


tellurium, the top of the sp band is raised. Also on 
going from left to right along a period of transition 
elements, the d levels are lowered. Therefore with an 
appropriate metal/non metal combination, interactions 
can take place between sp band and d cations levels 
that can be populated at the expense of the former. It 
may result in complex situations in which the structure 
of the anionic entity itself can be modified. 

Our attention was drawn to these d—sp redox inter¬ 
actions as early as 1975 when preparing NbSCj (refs 1, 
2). It is a pseudo one-dimensional compound showing 
a structure built up from a stacking of [NhSe^J trigonal 
prisms on top of each other. One would expect to 
observe the following distribution of charges: 
Mb'^'^CSe^ySe^”, with respect to ZrSCj for example. But 
things are more complicated. In NbSej there are three 
types of chains characterized by three different values 
of the Se—Se distances in the chalcogen pair (Figure 

1) . Chain III presents a true Se-Se pair (2.37 A). Niobium 
is there in the -I- IV oxidation state. The d' electronic 
configuration leads to a half filled d,: conduction band 
built up along the chain by the corresponding Nb orbitals. 
Chain I shows a slightly bigger Se-Se distance (2.48 A) 
which corresponds to a higher charge on the anions and 
less than one electron in the conduction band. These 
two chains carry the two charge density waves^-'*. From 
the q vectors of the associated distortions it is possible to 
get the precise electronic population in the d^^ bands 
(q = 2kp). The third chain (2.91 A) is insulating. This 
rather unusual situation made NbSe, a model C.D.W. 
system. In addition, the depinning of a C.D.W. was 
observed for the first time in NbSCj (ref. 5). With 
respect to this contribution it is also a good illustration 
of the d-sp redox interaction. Depending on its length, 
i.e. the population of its antibonding state, the Se-Se 
pair behaves as an electron reservoir and governs the 
electronic population of the adjacent metallic chain. 

Nevertheless the most well-known effect of the d-sp 
redox interaction is the transition from layered di- 
chalcogenides on the left part of the periodic table to 
pyrites and marcasites on the right part of it. Let us 
start from ZrS^ for example. It has the Cdl^ structural 
type with layers of edge-sharing [ZrSJ octahedra (Figure 

2) . In between the sp valence band which is mostly 
anionic in character and the corresponding cationic levels 
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that have been pushed up towards higher energies (Figure 
3) one finds the classical splitting of 3-below-2 d levels 
(tjg-Cg). The d^^ configuration of leads to semi¬ 
conducting properties. In the neighbouring column the 
layered structure of NbS^ is built up from edge-sharing 
trigonal prisms and results in a l“below- 2 -below -2 




Figure 1. In the structure of NbSCj three types of chains running 
along the b direction correspond to three different values of the bond 
length in Se-Se ‘pairs’. 



Figure 2. Layers of sharing edges octahedra (TiSj, ZrS 2 ) or trigonal 
prisms (NbS 2 , MoSj) characterize the structures of dichalcogenides of 
the first transition elements in each row of the periodic table. 


splitting of the d levels (a', e', e"). The d’ configuration 
of Nb'^'^ leads to a half filled a' narrow band (essentially 
d^’- in character), and metallic properties. Next to the 
right and with the same structure M 0 S 2 corresponds to 
a filled a' band and semiconducting properties. Going 
further to the right one would expect to come back to 
the octahedral symmetry and a half filled t^g band (the 
third d electron would destabilize the trigonal prismatic 
arrangement). But one observes now essentially pyrites 
or marcassites. MnS 2 for example is a pyrite. The reason 
is the following. On going to the right the d levels are 
progressively lower and, at a certain point, will enter 
the sp band. If empty d levels are in that situation, 
they will be filled at the expense of the sp band at the 
top of which holes will appear. The holes can remain 
isolated but usually the oxidation of the anions results 
in the formation of anionic pairs. This is the way one 
goes from layered TiS 2 with Ti"^"*" and 2 S^~ to pyrites 
like FeS 2 with Fe^-" and a ( 82 )^' pair^’^. 

The d-sp redox competition is not only the driving 
force for the above transition, but it is also active in 
both domains on each side of it. Some nice redox soft 
chemistry may also be done by playing with the holes 
at the top of a sp band. Neutralizing these holes may 
allow stabilizing structural types that would not exist 
otherwise.. Finally the d-sp redox competition may 
generate domains with a different composition inside a 
given framework and results in structural intergrowths 
in highly covalent systems. We shall successively 
examine all these points. 


Population of holes and anion-anion distances 

With respect to the diagram of Figure 3 c the chemist 
can play with the position of the top of a sp band and 
of the d levels. Playing with the top of the sp band just 
means that one will be comparing sulphides, selenides, 
tellurides of a given cation. The three titanium dichal¬ 
cogenides, for example, have the same Cdl 2 structure. 
With Ti"^"^ this would lead to an empty t 2 g band and 
semi-conducting properties. TiS 2 is known indeed to be 
a semi-conductor but TiSe 2 is a semi-metal and TiTe 2 
is a metal. The large decrease in electronegativity of 
the anion along this series results in a significant rise 
in the top of the sp band. The d levels are at first well 
detached above the sp band, than just skimming above 
it, or already inside the bandl In the last case (TiTe 2 ) 
we found from Mulliken overlap population calculations 
that 0.38 electrons have been transferred from tellurium 
to titanium. This transfer has important structural con¬ 
sequences. Because the top of the sp block, which has 
some antibonding character is being depopulated, the 
Te-Te distances are shortened. Short Te-Te contacts of 
3.77 A are observed; this is to be compared with the 
sum of the van der Waals radii which is 4.0 A. Con- 
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versely, the existence of short anion-anion contacts in 
a given structure may be indicative of an electronic 
transfer to d cationic levels: this is of importance for 
the interpretation of magnetic and transport properties. 
We have already mentioned the particular case of NbSe 3 . 

Now, instead of adjusting the top of the sp block, 
one can also lower (or raise) the position of the d levels 
by substituting a given metallic element with another 
one that is less (or more) electropositive. The d levels 
in HfTe 2 are higher in energy than those in TiTe 2 , and 
there is no electronic transfer from Te to Hf. Te-Te 
separation in HfTe 2 is consistent with the sum of the 
van der Waals radii. This trend in a column of the 
periodic table accounts for the stabilization of layered 
structures for the elements at the bottom while pyrites 
and marcasites are already appearing for the elements 


at the top. MnS 2 is a pyrite but ReS 2 still has a layered 
structure. 

The evolution of anion-anion distances as a function 
of the electronic population of antibonding states also 
occurs in the pyrite-marcasite domain. The interaction 
takes place between the e^ levels of the metal which 
are now low enough and the jr* levels of the ( 82 )^" 
anion^. It results in a depopulation of the tt* anion 
levels and a shortening of the anion-anion distance 
along a series of pyrites like MnS 2 to CUS 2 and a 
reduction of the cation (copper is in the +1 oxidation 
state in CUS 2 ). In addition, the anion-anion interactions 
can go far beyond the formation of simple anionic pairs. 
As expected the effect is particularly enhanced in the 
case of tellurium. In CrTe 3 one can recognize (Te 2 )^“ 
pairs as well as (Te 3 )^' trimers*^^*^'. In IrTe 2 (one can 





Figure 3. a. Band structure model for the ‘octahedral’ type; b, Trigonal prismatic type; c, Lowering of d levels and sp to d electron transfer 
on the right of the transition periods. 


O O 



a 


Z 



HfTe2 

c/a =1.68 



Figure 4. a, IrTe^ structure compared to a true Cdl^ arrangement (HfTej); b. Perspective drawing of 3D IrTe^ showing the polymeric tellurium 
network. 
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conclude to) a full polymerization of the tellurium 
sublattice is attained with a distribution of long and 
short Te-Te distances. The transition metal is enclosed 
in pleated layers of polymeric tellurium (Figure 4). IrTe^ 
represents a polymerized Cdl 2 structural type. 

In the course of these studies a quasi linear relationship 
appears between anion-anion distances and formal 
charges on them. Figure 5 shows the variation in the 
case of tellurides*^ It is precise enough to discuss 
composition and electron transfer in intercalation systems. 
For example, UTe 3 has a structure related to that of 
NbSe 3 although one finds only true Te-Te pairs therein 
(^Te~Te “ 2.75 A), i.e. one has U'^'^Te^'CTe^)^". Copper can 
be intercalated between the chains. A single crystal of 
CU{j 3 ^UTe 3 allowed a precise structural determination‘s. 
The Te-Te distance is increased in such a way that it 
fits perfectly with our curve considering a transfer of 
0.36 e“ from copper to the Te-Te pair. This proves that 
copper is in the -I-1 oxidation state and that the electrons 
are totally taken up by Te-Te antibonding states which 
are the major constituents of the lowest unoccupied 
band. From a theoretical point of view it is not clear 
why such a perfect linear relationship is observed in 
the domain which has been studied. It is however 
important to remember that such a relation has also 
been pointed out by C. N. R. Rao in case of the 
oxides’"^. 

Anion hole, and cation or anion clusterization 

Regarding structural consequences of d-sp interactions, 
let us consider the ‘clusterization’ of metal atoms that 
may take place at sufficiently low temperatures in the 
slabs of layered chalcogenides. Indeed, on going from 
the titanium column to the neighbouring ones to the 
right of it in which the formal electronic configurations 



oxidation degree per Tellurium anion 


Figure 5. Variation in the Te-Te distance as a function of the formal 
oxidation state of telluriunn (Te^’ in ZrTe^, Te"*’'*' in Ir^‘"(Te 2 ), Te"' in 
MnTe^). 


for the metal are d‘, d^ and d^ it has been shown that 
these d electrons may be used in the formation of 
metal-metal bonds. Figure 6 shows typical sets of 
metal-metal bonds according to electron configuration. 
Interestingly the situation may differ for the tellurides 
as compared to sulphides. In VTe 2 there is an electron 
transfer of 0.25 electron from tellurium to vanadium^ 
The d‘'^^ electronic configuration of the metal results in 
a particular superlattice arrangement of V-V bonds that 
is different from the d‘ type and presages the d^ situation. 
The electrons that originate from the top of the mostly 
anionic sp band and possesses ;T-antibonding character 
now take part in the formation of a net of metal-metal 
o bonds. 

The clusterization of the metal atoms through the 
setting of metal-metal a bonds can be regarded as the 
symmetrical effect of the catenation of the anions through 
association of holes in the polymerized structures men¬ 
tioned above. 

Regarding the chemistry of transition metal chalco¬ 
genides, one can finally recognize three domains in the 
periodic table. On the left hand side low-dimensional 
structures with cations and Ch^“ anions are observed. 






Figure 6. Cluster formation in the slabs of 2D chalcogenides: a, 
Undistorted hexagonal lattice typical for d^’ systems; b, Metal atom 
clustering for d^ systems; c, Double zig-zag chain for d^; d. Pattern 
in VTe^; e. Metal-metal bonds in ReS^ (d^). 
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Then the destabilization of the highest oxidation states 
of transition metals results in the formation of sets of 
metal-metal bonds inside the slabs. The geometry of 
such arrangements depends on the initial electronic struc¬ 
ture of the element as well as on the number of electrons 
that have been transferred from the sp chalcogen band. 
Finally, on the right part of the periods the high oxidation 
states are not active anymore. The holes at the top of 
the sp band are totally taken up by the anion under 
the form of a catenation which can go, through different 
steps, as far as a full polymerization of the anionic 
sublattice. The results can be transposed to phosphides, 
arsenides, bismuthides, iodides. The numerous solid 
phosphides with phosphorus associations can be discussed 
with the same approach'^ Of course tellurides, with the 
highest sp band in the chalcogenide series represent the 
best example with the broadest developments. Figure 7 
gives a classification of ditellurides according to the 
degree of association of the anions (or anionic poly¬ 
merization AP). Starting from a true layered structure 
(ZrTe^, HfTe^), one can describe polymerizations along 


the c parameter, i.e. in the stacking direction of the 
slabs either through slabs or through the van der Waals 
gap which separates slabs‘I One can also find polym¬ 
erizations parallel to the a or/and b in plane parameters 
of the slabs. Starting from a true pyrite structure (MnTCj) 
one describes also an association between (Te,)^" pairs 
until a polymeric pyrite structure is obtained” (FeTe^, 
RuTej,...). Any anion association through the van der 
Waals gap. He, also gives rise to 3D networks although 
different from pyrite-marcasites arrangements. 

Holes and redox chimie douce 

In many systems, holes at the top of the sp band do 
not associate to form anionic pairs. Some nice chemistry 
may be done by playing with these holes. First of all 
the control of hole population at the top of the sp band 
can be illustrated by copper thiospinels. In CuCr^S^, 
polarized neutron studies as well as XPS measurements 
show the presence of one hole in the anionic sublattice 
which gives rise to p type conductivity and a strong 


MTejPhases 

Iffn-D im cn ai tin al Three-Dinn»nsi<tnal 



Figure 7. Ctesification of ditellurides according to dimensionality and 4 degrees of polymerization of tellurium (alone the a direction alone 
a and b, intraslab, interslab). ZrTe, and MnTe, are chosen as true Cdl, or pyrite-like stmetures from which all the evolutions can bTdes'eribed' 
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ferromagnetic coupling between Cr^^ cations'®. Copper 
is in the +1 oxidation state as usual in sulphides: 
Cu"'(Cr^^)j(S^') 3 S'’. The many empty sites of the spinel 
structure allow an additional intercalation of copper. 
Only one copper is intercalated, the associated electron 
neutralizing the hole. One gets (Cu*) 2 (Cr^'^)j(S^ )4 which 
is a semi-conductor. More interesting is the fact that 
attempts to remove copper from CuCrjS^ have been 
unsuccessful. One could expect to get a layered CrSj 
of the CdClj type with respect to the ABC stacking 
mode of sulphide anions in the spinel structure. The 
problem comes from the electron that has to be removed 
at the same time that Cu^ ions are taken out. Either 
chromium or sulphide ions have to be oxidized. Chro¬ 
mium 4 * is definitively unstable, the corresponding d 
level being too deeply engaged in the sp band. Creating 
another hole in the anionic sublattice does not seem to 
be possible, probably due to the too electronegative 
character of sulphur (see below). A third solution would 
have been an association of holes with a cut off of the 
top of the sp band to form an empty antibonding band. 
CrSj pyrite would then form. However a Jahn Teller 
distortion around Cr^'^ cations is not acceptable for a 
very rigid pyrite structure. 

NaCrSj is another candidate for deintercalation che¬ 
mistry. With a aNaFeOj structure it would lead to a 
Cdlj type of chromium disulphide. But this does not 
work either. However one can deintercalate Na from 
NaCrSe^ and K from KCrSe^ (ref. 17) and get a new 
layered CrSe^ which can be formulated as Cr^''^Se^‘Se"‘. 
Now there is one hole for two selenide ions. The highest 
level of the top of the sp band with respect to sulphides 
is certainly the explanation for this increased stability 
of holes. 

Another way to succeed in deintercalation chemistry 
is to move to the left of the periodic table in order to 
have d levels at a higher energy and to play with the 
oxidation state of the cation. CuCr^S^ is an anionic 
mixed valence system, but CuTi^S,, is a cationic mixed 
valence system Cu''*Ti^^Ti'''''(S'“’) 4 . Deintercalating copper 
is possible and simply results in the oxidation of Ti'^'^ 
to Ti'*'". So-called cubic TiS^ was formed which has the 
CdClj structural type'*-'®. The difference between the 
‘chimie douce’ of NaCrSe^ and CuCr^S^ (or similarly 
NaCrSj) was the position of the top of the sp band. 
The difference between the ‘chimie douce’ of CuCrjS^ 
and CuTijS,, is the position of the cationic d levels. In 
both cases CuTijS^ and KCrSe^ deintercalation is possible 
because a higher oxidation state can be reached by the 
metal (TiS^ case) or because holes on the anion can be 
stabilized (CrSe^ case). 

Many other examples could be brought into discussion. 
They all refer to the same concepts. Let us consider only 
two of them. The first one represents a very spectacular 
case while the latter implies two redox mechanisms. 
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(i) In thallium-copper sulphides and selenides, one 
finds a series of phases^" which can be described 
in terms of interweaving TlCujX^ slabs and more 
copper-rich slabs^”. Semi-conducting phases like 
TlCUjSCj allow the removal of one copper from 
copper-rich slabs^'. This can be achieved simply 
by using an aqueous ammonia solution which yields 
immediately the blue colour of copper tetramine 
cation Cu(NH 3 )J. One obtains TlCUjSe^ which pre¬ 
sents one hole in the anionic sublattice, i.e. 
TlTCu’-ljSe^’Se-. TlCu^S^ is obtained similarly 
from TICU 3 S 2 (ref. 22). In this case, chimie douce 
is the only route to obtain the phase with one hole 
in the sulphide layers. It illustrates once more the 
difference in stability for holes at the top of sulphide 
or selenide sp bands. 

(ii) Starting from Li^FeSj one can deintercalate lithium 
in two steps. There is at first an oxidation of Fe'^’’ 
to Fe^* followed by the formation of anionic pairs. 
Both the cations and anions are successively 
oxidized. One gets a new FeS^ which is 
Fe'''’'(Sj’)i/ 2 ‘^^L It is probably related to the IrSj 
structural type although the poor crystallinity of 
the samples did not allow a direct structural de¬ 
termination. The above information was obtained 
by Mossbauer studies as well as IR and Raman 
spectroscopies^-'. 

The latter example shows that one has to be cautious 
when interpreting any deintercalation process. It is of 
importance to carefully check the resulting structure. 
The starting structure does not necessarily behave as a 
rigid framework. Depending on the relative position of 
the d and sp bands, anionic association can occur and 
the oxidation of the cation may result in a changing of 
site. 

The d-sp redox competition may have drastic conse¬ 
quences regarding the stoichiometries of a given series 
of compounds belonging to the same crystal structure. 
Let us consider the MPSj series of phases where M is 
an element of the first transition row. These have a 
layered structure: M^’’ cation and P-P pairs occupy 
respectively 2/3 and 1/3 of the octahedral sites of TiSj 
like slabs (M 2 , 3 (P 2 )|/ 3 S 2 ). On the right part of the periodic 
table NiPS 3 is easy to prepare and perfectly stoichiomet¬ 
ric. However close to it, FePSj is difficult to reproduce 
with exactly the same stoichiometry. Vacancies occur in 
the iron sublattice. Ni^'’ is perfectly stable and NF''" non 
stable in the presence of sulphur. In case of iron the 
corresponding d level is just moving above the sp band 
and Fe'’' can be stable depending on the sulphur pressure 
while preparing the samples. These ions have to be 
compensated by vacancies. MnPS 3 is a particular case 
due to the very high stability of Mn^'’', d® high spin in 
octahedral holes. But VPS3 is in fact Vo^gPSj which is 
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a mixed valence compound^"^. In case of titanium 

one even gets Ti||;^ 5 PS 3 (ref. 25). 

Finally, it should be mentioned that an appropriate 
substitution in the cationic sublattice may allow sulphur 
p-band holes to be generated, which induce p-type 
conductivity. A good example of this is y3-BaCu2S2 (ref. 
26). It shows a two-dimensional structure with [Cu 2 S 2 ]^~ 
anionic slabs separated by Ba^"^ layers (ThCr 2 Si 2 type). 
The preparation of the substituted phase K^Baj_j^Cu 2 S 2 
(ref. 27) leads to p-type conductivity. The compensation 
of charge cannot be achieved through an oxidation of 
some of the Cu"^ ions to Cu^^. It is therefore taken up 
by the anionic sublattice and can be expressed by the 
formulation (K-")/Ba2*"),_/Cu-')2(S^")2_^(S-)^. One hole is 
introduced at the top of the sp band for each potassium, 
which allows an interesting variation in the physical 
properties. 

Neutralization of holes and the stabilization 
of unusual structural types 

A layered CrS 2 does not exist for the reasons discussed 
above. But there are compounds which show CrS 2 layers 
of the TiSj type. This is well illustrated by NaCrS 2 
with a aNaFe 02 structure like NaTiS 2 , the intercalation 
compound of Na in TiSj. One can formally consider 
that NaCrS 2 is the intercalation compound of Na in an 
hypothetical CrS 2 . Sodium has stabilized CrS 2 layers. 
Chromium is in the .3+ oxidation state, stable in the 
presence of sulphur. One can consider that the stabili¬ 
zation of the structure is achieved through the transfer 
of the electron associated with sodium which fills up 
the top of the sp band and prevents instabilities linked 
to the too low energy level of holes in sulphides or 
their possible association. If this interpretation is correct, 
it should be possible to stabilize CrS 2 slabs by other 
electron donors. It is indeed the case for Si(j 25 ^^S 2 (or 
P(). 2 o^^ 2 )* P seated in tetrahedral holes at the 
surface of CrS 2 or YS^ slabs^^. Their amount is such 
that the holes at the top of the sp band are exactly 
neutralized. 

Many compounds could certainly be prepared on the 
basis of these ideas. Let us introduce only two series 
which show particular features regarding structures and 
chemical bonds and contribute to broaden the model. It 
is known that NbTe 2 layers similar to the NbS 2 or 
NbSe 2 ones are not stable by themselves. However, 
adding some silicon or germanium it was possible to sta¬ 
bilize such, trigonal prismatic NbTe 2 layers in Ge^NbTe 2 
phases^^. But Si or Ge atoms are not simply seated in 
tetrahedral holes at the surface of the NbTe 2 as 
has been found above. They occupy a rather unusual 
coordination in the middle of rectangular faces shared 
by two [TeJ trigonal prisms that are not centered by 
a niobium atom. Then, some of the Nb atoms are linked 


together to form metal-metal pairs through a common 
triangular face between their adjacent trigonal prisms. 
Other Nb atoms remain isolated and build ribbons which 
mark out the regions in which M-M bonds are formed. 
The sequence according to which these regions alternate 
as a function of Ge (Si) concentration is responsible 
for the commensurate or incommensurate modulation of 
the structures (x rational or irrational). Figure 8 shows 
the building blocks that are used to construct a slab. 
There are three different ribbons. Ribbons a and b 
contain both Ge atoms and Nb-Nb pairs (with symmet¬ 
rical positions); ribbon c contains only isolated Nb 
atoms. Variable numbers of pairs of ribbons a and b 
separate ribbon c and lead to a general formulation 
NbGe(l 4 “/i/ 3-f 2n)Te2. With an infinite succession of 
ribbons a and b, and no c ribbon, one gets the end 
member NbGej^ 2 Te 2 . Ge is in the -f2 oxidation state as 
shown by an analysis of the density of states curves 
which reveals the presence of levels with Ge 4s character 
lying about 4 eV below the Fermi level, while the Ge 
4p levels are well above E,.. Two electrons have been 
used to reduce niobium atoms and one could associate 
them with the formation of Nb-Nb pairs because the 
number of these pairs is exactly equal to the number 
of Ge atoms (NbGej/ 2 Te 2 without c ribbons is a clear 
illustration of that). But things are generally more com¬ 
plicated because all Nb atoms have been reduced. Elec¬ 
trons are also coming from the top of the sp band. 
Indeed the partial depopulation of these anionic states 
with antibonding character results in a [TeJ catenation. 
Two Te in one slab are associated with two in an 
adjacent one, through the van der Waals gap. Successive 
slabs are thus fixed relative to each other. In all com- 


a b c 



Figure 8. Condensation of three types of ribbons to build a slab in 
the NbGe^Tej series of phases. Three examples: association abc in 
2a2bc association in MA 2 y 5 Te 2 , intermodulated compositions 
with tt(abc) + m(2a2bc). 
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Figure 9. (LnS)|^^CrS 2 misfit compounds show an alternation of (LnS) 
slabs (pseudo NaCl) and CrS^ ones (TiS 2 type). Incommensurability 
occurs along a. 
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Figure 10. The formation of (X 2 f' ions (a) from s and p sulphur 
orbitals, leads in the solid to the sequence represented in (b) which 
results in a broad sp band and a separated o* brand (c). 


pounds, the number of Ge atoms is equal to the number 
of Nb-Nb pairs. It could therefore be supposed that the 
two electrons donated by Ge are used by two Nb to 
form (Nb ^'^)2 pairs. The other Nb atoms would be reduced 
through the transfer of electrons from the sp band. There 
is, however, no direct proof that such an hypothesis is 
correct. The interest in Ge^NbTe 2 in the context of this 
contribution arises because both extra atoms (Ge, Si) 
acting as donors and Te associations contribute to sta¬ 
bilize the structure. 

The Ge_^NbTe 2 phases show a segregation of ribbons 
in a plane, that is, in a two-dimensional space. Misfit 
layered chalcogenides^^^ represent a case of segregation 
of slabs in three-dimensional space. With general for¬ 
mulation (M^j^^rX 2 , where M = Ln, Sn, Pb, Bi, Sb; 
r=Ti, V, Cr, Nb, Ta; X=S, Se; 0.08 <x< 0.28, they 
present a structure which results from an alternate stack¬ 
ing of MX and TX^ slabs (Figure 9). The MX slab is 
a double slice along 100 of a distorted NaCl arrangement. 
The TX^ slabs are built up from sharing edges [T!XJ 
octahedra (T = Ti, V, Cr) or trigonal prisms (Nb, Ta) 
like in TiS 2 or NbS 2 . The regular alternation of slabs 
gives a common c parameter for the two sublattices in 
the stacking direction. Each of these sublattices has two 
in-plane a and b parameters. So far the b parameters 
have been found to be identical. But the ratio of the 
a parameters is given by an irrational number, thus the 
misfit which is illustrated by the 1 + x value in the 
chemical formulation. Again we find here systems with 
CrS 2 slabs. However they form only in case of LnS 
type MX slabs. Indeed these slabs behave as electron 
donors. Like rare earth monochalcogenides they can be 
represented by Ln^VS^" with one electron delocalized 
in 5d or 4f bands. It is this electron which is transferred 
to the CrS 2 slab, refilling the top of the sp band. The 
CrS 2 misfit compounds are infinite two-dimensional in¬ 
tercalation compounds. LnS layers play the same role 
as Na layers in NaCrS 2 . Sn/Pb S slabs which do not 
transfer any electrons do not lead to misfit phases with 
CrS 2 . In addition, the stoichiometry of the LnS slab is 
governed by the electron transfer. Exactly one electron 
is transferred. Vacancies are observed in the Ln^^ site. 
(GdS)i 27 CrS 2 , for example, is in fact (Gd^yiCHjfjyS), 27 CrS 2 
which corresponds to an exact charge balance between 
Gd^^ Cr^^ and S^" (ref. 31). 


Conclusion 

What has been described here is a chemistry of holes, 
a chemistry of antibonding states. Instead of populating 
the lowest energy levels with electrons, one is depopu¬ 
lating the top of a sp anionic band. The holes can 
associate leading to an anionic catenation which results 
in a cut off to the top of the sp band, as illustrated 
by the formation of the a* branch of the pyrite band 
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structure (Figure 10). Such an evolution takes place on 
the right part of the periodic table where the d—sp redox 
competition is most active. On the left part of it, the 
depletion of anionic levels results in an extra population 
of d cationic orbitals. There, the transferred electrons 
take part in the cationic clusterization that may be 
observed. The anionic associations driven by holes and 
the cationic association driven by electrons formally 
stand symmetrically on the right and left part of periodic 
table. The depopulation of anion antibonding states of 
course results in a shortening of the anion-anion distance. 
This change in anion-anion separation is simply related 
to the formal charge on anions and can even be taken 
as an indication of the amount of transferred electrons 
in an intercalation process when anionic pairs, for ex¬ 
ample, are taking them. 

The control of the hole population at the top of a sp 
band leads to a very rich chimie douce of the redox 
type. The stability of compounds that may be formed 
through a deintercalation process essentially depends on 
the energy level at which holes will be introduced (CrS^ 
and CrSe^ cases). Neutralizing holes at the top of a sp 
band allows the stabilization of structural types that 
would not exist otherwise. These concepts open large 
avenues for new chemical synthesis. The physical prop¬ 
erties have not been discussed here. If delocalized holes 
introduce a p type component in conductivity, they may 
also induce strong ferromagnetic coupling depending on 
structural geometry and electronic population of the 
cations (CuCr 2 S 4 is a spectacular example). Finally, the 
role of holes in superconductivity as discussed by dif¬ 
ferent groups and particularly by C. N. R. Rao in 
cuprates^^, is also active in sulphide and selenides (copper 
chalcogenides provide good examples). 
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To understand the role of host cell cytoskeleton in 
regulating the assembly and budding of the externally 
enveloped viruses, we have studied the interactions 
between the cytoskeleton and viral proteins in the 
influenza A virus-infected Madin-Darby canine kidney 
(MDCK) cells, employing immunofluorescence micro¬ 
scopy and biochemical techniques. The Triton X-100- 
insoluble cytoskeletons prepared from the infected cells 
contained at least two viral proteins, viz. matrix protein 
(MP) and nucleoprotein (NP), the quantities of which 
considerably reduced (at least by 60%) upon including 
1 M sodium chloride or 2.5 M urea in Triton X-100 
(2%). Also, an extraction of these cytoskeletons in 
presence of the reagents that solubilized the cytoskeletal 
actin resulted in a release of actin together with NP 
and MP. Besides, these viral proteins were observed 
to codistribute with actin in both the cytochalasin 
E-treated and untreated infected cells. These results 
demonstrate that NP and MP ionically interact with 
cytoskeletal actin in the influenza virus-infected MDCK 
cells. 


The cytoskeleton, a structure experimentally defined as 
a cellular fraction remaining after cell treatment with 
non-ionic detergents’, e.g. Triton X-100, is a cytoplasmic 
network composed of microfilaments, intermediate fila¬ 
ments and microtubules. Out of these, the microfilaments 
in particular have been shown to form stable contacts 
with the cytoplasmic face of the plasma membrane^ 
These contacts of the microfilaments, which mainly 
consist of actin and actin-binding proteins, with the 
overlying membrane bilayer control not only the 
membrane mechanical stability and deformability 
but also the lateral redistribution of the cell surface 
components'’^. 

Externally enveloped viruses, such as influenza viruses, 
consist of a nucleocapsid core surrounded by a lipid 
bilayer. These viruses acquire their lipid bilayer as they 
bud from the host cell plasma membrane at areas 
enriched in viral envelope proteins'’. It may therefore 
be argued that to form the budding sites on the plasma 
membrane and also to assemble at these sites the proteins 
that are integral to viral envelope, the virus must first 
modify the host cell cytoskeleton interactions with the 


overlying plasma membrane bilayer. However, little is 
known as to how the virus alters these interactions in 
the infected cells. 

To understand the role of the host cell cytoskeleton 
in assembly and budding of the externally enveloped 
viruses, several investigators have attempted to analyse 
the cytoskeleton-viral proteins interactions in the 
virus-infected cells^. The viral matrix protein (MP) and 
nucleoprotein (NP) have been shown to interact with 
the cytoskeletons of the cells that are infected with 
paramyxoviruses^"’’. Also, interactions of MPs of these 
viruses with F-actin have been demonstrated in vitroK 
Further, cytoskeletal actin has been reported to interact 
with HIV-1 Gag protein both in vitro and in v/vo”’’”. 
Moreover, actin has been detected in mouse mammary 
tumour virus and HIV-1-purified virions”"’^ Further¬ 
more, interactions of MP with the host cell cytoskeleton 
have been observed in influenza viral infections’'’’'^. To 
further examine these interactions at the molecular level, 
we analysed the associations of viral proteins with 
cytoskeletons of the Madin-Darby canine kidney (MDCK) 
cells that were infected with influenza A virus. Results 
of these studies strongly suggest that influenza viral NP 
and MP interact with cytoskeletal actin of the virus- 
infected MDCK cells. 


Materials and methods 

Cells, virus and growth conditions 

MDCK cells obtained from National Facility for Animal 
Tissue and Cell Culture, Pune, India (presently National 
Centre for Cell Science) were maintained in Eagle’s 
minimum essential medium (MEM) supplemented with 
290|ag/ml L-glutamine, 70 |ig/ml penicillin, 100|ig/ml 
streptomycin and 10% fetal calf serum. Influenza virus 
type A(H3N2) 8912370 strain (similar to A/Sichuan/60/89 
strain) was obtained from National Institute of Virology, 
Pune, India, as lyophilized allantoic fluid. The virus 
was multiplied in the allantoic cavity of 9-10 days old 
embryonated chicken eggs. The infected allantoic fluid 
was harvested and stored in liquid nitrogen’^ 
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Infection of MDCK cells with influenza A virus 

2x10^ MDCK cells were seeded per well in a 6-well 
culture plate and grown to confluency. The medium was 
removed, and the cell monolayer washed two times with 
Hank’s balanced salt solution (HBSS). The frozen aliquot 
of allantoic fluid was diluted with phosphate-buffered 
saline (PBS), and then added (0,5 ml/well) to the MDCK 
cells at 5-lOpfu/cell after treating with trypsin 
(lOiig/ml). The cells were incubated for Ih at 37°C. 
To the control cells was added virus-free PBS 
(0.5 ml/well), and the cell monolayers incubated under 
identical conditions. After completion of the incubation, 
the supernatant was aspirated off, and the cells washed 
two times with HBSS to remove the unbound virus 
particles. To the washed cells was added the minimum 
essential medium (1 ml/well) supplemented with 2% fetal 
calf serum and trypsin (10|j,g/ml). The cells were 
incubated for the desired period of time at 37°C. 

Metabolic labeling of proteins in virus-infected cells 

A confluent monolayer of MDCK cells in a 6-well cell 
culture plate was infected with influenza A virus as 
described above. After a desired period of time, the 
medium was removed and the cells washed two times 
with HBSS. To the washed cells was added L-[^^S]- 
methionine in methionine-free minimum essential 
medium (0.5 ml/well) at a concentration of 10|J,Ci/ml. 
The mixture was incubated at 37°C for 30 min. 

In pulse-chase experiments, the L-[^’S]-methionine 
(20p,Ci/ml) labeling was carried out for 15 min and 
then chased in Eagle’s MEM supplemented with 2% 
fetal calf serum, 10 |ig/ml trypsin and 10 mM methionine 
for 0, 30, 60, 90, 120 and 180 min. The cells were 
harvested and fractionated into Triton X-100 soluble 
and insoluble fractions. 


Isolation of Triton X-100 insoluble cytoskeletons 
from cultured MDCK cells 

The cells were harvested and washed with PBS. The 
washed cells were resuspended in 100 p.! of PBS. To 
it was added an equal volume of CSK buffer (50 mM 
Tris, lOmM EDTA, lOOpg/ml PMSF, 10 pM leupeptin 
and 1 pM pepstatin, pH 7.4) containing 4% Triton X-100. 
The mixture was incubated for 10 min at 22°C followed 
by another 10 min on ice. The cell lysate thus obtained 
was layered onto 30% sucrose column (1.0 ml) in cen¬ 
trifuge tubes containing 24 mM HEPES, 600 mM KCl, 0.5 
mM DTT and 0.5 mM EDTA (pH 7.0). The tubes were 
centrifuged at 26,000 g for 30 min at 22°C. The pellet 
was washed with CSK buffer, once after including in it 
2% Triton X-100 and then without Triton X-100. 
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Generation of polyclonal antibodies against 
cytoskeleton-associated NP and MP 

Cytoskeleton-associated NP and MP were isolated by 
the preparative sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE). The polyclonal sera 
against these proteins were raised in rabbits. The antibody 
titre was determined by enzyme-linked immunosorbent 
assay (ELISA). 

Isolation of infected cell cytoskeleton in the 
presence of higher concentrations of urea, NaCl 
and of Triton X-IOO 

Confluent monolayers of MDCK cells were infected 
with influenza A virus, and then pulse labeled with 
10 pCi/ml L-[^^S]-methionine at 4 h after the infection. 
The cells were harvested and the cytoskeletons isolated 
using CSK buffer containing 2% Triton X-100 and 
2.5 M urea, 2% Triton X-100 and 1 M NaCl or 5% 
Triton X-100. 

Treatment of infected cell cytoskeleton pellet 
with guanidine hydrochloride and ammonium 
sulphate 

The virus-infected cells were pulse labeled with 
lOpCi/ml L-[”S]-methionine at 4 or 8h after the 
infection, and the cytoskeletons isolated. After suspending 
the cytoskeleton pellet in 20 pi of CSK buffer, to it 
was added 20 pi of guanidine hydrochloride (GuHCl) 
solution (1.5 M GuHCl, IM sodium acetate, 1 mM 
CaClj, 20 mM Tris and 1 mM ATP, pH 7.5). To the 
control cytoskeleton pellet was added 40 pi of GuHCl- 
free buffer. The mixtures were incubated for 30 min on 
ice, and then cenPifuged at 15,000 g for 10 min at 4°C 
in a microfuge. The supernatant was removed and the 
pellet resuspended in 50 pi of the sample buffer. 

Treatment of the infected cell cytoskeleton with 
ammonium sulphate was carried out following the pub¬ 
lished procedure'^. 

SDS-PAGE and immunoblotting 

Protein compositions in cell lysate and cytoskeleton 
pellet were analysed by SDS-PAGE using 5% acrylamide 
as stacking and 10% (or 8%) acrylamide as running 
gels. The protein bands were visualized by staining the 
gels with Coomassie blue. In case of ^’S-labeled cells, 
the ^^S-labeled protein bands were visualized by 
fluorography followed by radioautography'*. Densitomet- 
ric scanning of one-dimensional radioautograms and 
Coomassie-blue-stained gels was carried out on a Phar- 
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macia ultrascan XL. Peak area of each band was cal¬ 
culated for comparative analysis of radioautograms. Com¬ 
parison between the Cooraassie blue-stained gels was 
done by calculating the ratio of the peak areas of actin 
and vimentin/keratin bands. 

The protein bands were first resolved by SDS-PAGE 
and then transblotted on the nitrocellulose membranes 
at 110 mA for 1.0 to 1.5 h (ref. 19). It was incubated 
with 3% BSA solution in Tris-buffered saline overnight 
at 4°C to block the free sites, washed and incubated 
with rabbit antiserum (1 : 500 dilution) for 1 h at 22°C. 
This was followed by washing with Tris-buffered saline 
containing 0.05% Tween-20. The washed membranes 
were incubated with anti rabbit-IgG-peroxidase conjugate 
for 1 h at 22°C and then developed with diaminoben- 
zedine. 


Immunofluorescence 

Intracellular localization of NP and MP was studied by 
indirect immunofluorescence microscopy. MDCK cells 
(about 10^ cells/cover slip) were grown on 18 mm glass 
coverslips and then infected with 5-lOpfu/cell of influ¬ 
enza A virus. The cells were incubated in MEM con¬ 
taining 2% fetal calf serum and trypsin (10 pg/ml) at 
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37°C. The medium was removed, and the cells washed 
twice with PBS. The washed cells were fixed with 3% 
paraformaldehyde for 20 min at 22°C. The fixed cells 
were washed three times with PBS and permeabilized 
with 0.2% Triton X-100 for 5 min at 22°C. The cells 
were washed again with PBS, and incubated with rabbit 
antiserum (1 : 50 dilution) for 1 h at 22°C. After washing, 
the cells were incubated with FITC-labeled anti-rabbit 
IgG at 1 : 300 dilution for 1 h at 22°C. The incubated 
cells were washed again three times with PBS under 
gentle shaking. 

For F-actin staining, the coverslip was incubated with 
phalloidin-rhodamine at a dilution of 1 : 100 in PBS for 
30 min at 22"’C. It was washed extensively with PBS 
and mounted in 20% glycerol on glass slides, and then 
viewed under a fluorescence microscope. 

In some experiments, cytochalasin E (10|Lig/ml) was 
added to the culture medium at 8 h postinfection, and 
the cells incubated for 3 h at 37°C. The washed cells 
were first labeled with antibodies and then with phal¬ 
loidin-rhodamine, as described above. 

Results 

The cultured MDCK cells, with or without influenza A 


1 2 3 



b 


Figure 1. Viral proteins in Triton X-100 insoluble cytoskelelon prepared from the influenza 
A virus-infected MDCK cells. MDCK cells were infected with influenza A virus and at 
8h postinfection, labeled with L-p^S]-methionine for 30 min. The Triton X-100 insoluble 
cytoskeleton was prepared and analysed by SDS-PAGE. a, Coomassie blue stained gel; b, 
radioautogram of the same gel. Lane 1, cytoskeleton prepared from normal uninfected 
MDCK cells; lane 2, cytoskeleton prepared from the influenza A virus-infected MDCK 
cells; lane 3, purified virus; MW, molecular weight markers. Note that two viral proteins, 
viz. NP (56 kDa) and MP (27 kDa) were coextracted with the cytoskeleton in the virus-infected 
MDCK cells. 
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virus infection, were treated with 2% Triton X-100. The 
cell lysates were loaded over 30% sucrose and centrifuged 
to remove any triton-insoluble lipids^^\ The cytoskeleton 
pellet thus obtained was washed and then analysed by 
SDS-PAGE. Figure 1 shows that cytoskeletons obtained 
from the influenza A virus-infected cells contained at least 
two new protein bands of about 27 kDa and 56kDa 
molecular mass which were completely absent in the 
normal uninfected cells. These two new proteins were later 
identified as nucleoprotein and matrix protein of influenza 
A virus by Western blotting and immunofluorescence 
analysis (data not shown), using polyclonal antisera. 

Pulse-chase experiments were carried out to determine 
the kinetics by which NP and MP acquire the Triton 
X-100 insolubility. Cells were pulse-labeled for 15 min 
at 8 h postinfection, and chased for 0, 30, 60, 90, 120 
and 180 min. The cells were harvested and treated with 
2% Triton X-100. Triton X-100 soluble and insoluble 
fractions were analysed by SDS-PAGE (Figure 2a,b), 
About 35% of both NP and MP became Triton X-100 
insoluble immediately after their synthesis. There was 
gradual increase in the Triton X-100 insolubility of MP 
with chase time (Figure 3). But no change was observed 
in the Triton X-100 insolubility of NP at least up to 
180 min (Figure 3). 


These results indicate that influenza viral NP and MP 
associate with the host cell cytoskeleton in the infected 
cells. To analyse the nature of these associations, we 
measured the amounts of these proteins in the cytoskele¬ 
tons that were isolated in the presence of high concen¬ 
trations of Triton X-100, sodium chloride or urea. Table 
1 shows that the amounts of NP and MP associated 
with the cytoskeletons were not much altered by 
increasing the concentration of Triton X-100 from 2% 
to 5%. However, these amounts were considerably 
reduced if 1 M sodium chloride or 2,5 M urea was 
included in 2% Triton X-100. From these results, we 
inferred that the observed association between the host 
cell cytoskeleton and viral proteins could primarily be 
ionic in nature. Since high ionic strength buffers, besides 
disrupting the ionic interactions, also dissociate actin 
from the cytoskeletons^*, we further speculated that the 
reduced amounts of NP and MP associated with the 
cytoskeletons that were isolated in the presence of 1 M 
sodium chloride could perhaps be due to the association 
of these proteins with the host cell cytoskeletal actin. 
To examine the validity of this speculation, we extracted 
the isolated cytoskeletons under the conditions that have 
earlier been reported to solubilize cytoskeletal actin 
It was argued that if NP and MP were associated with 


SOLUBLE INSOLUBLE 

0 30 60’90’120’180’ 0’ 30’60’ 90’120’180’ 



Figure 2. Time-clepcndcnl Triion X-lOO insolubility of NP and MP. Influenza A virus- 
infected MDCK cells were pulse labeled at 8 h postinfection for 15 rain with L-[“S]-methiomne 
and incubated in chase medium for 0, 30, 60, 90, 120 and 180 min. Cells were treated 
with Triton X-100 and fractionated into soluble (a) and insoluble (b) fractions Proteins 
were analysed by SDS-PAGE. 
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Figure 3. Densitometric quantitation of the Triton X-100 insoluble 
NP and MP in influenza A virus-infected MDCK cells. 


Table 1. Effect of the high salt and urea concentrations on the 
retention of the viral proteins in the triton-insoluble cytoskeletons 
prepared from the influenza A virus-infected MDCK cells 


Treatment 

Viral 

proteins 

Retention in cytoskeleton" 

(%) 

Triton X-100 (2%) 

NP 

100 


MP 

100 

Triton X-100 (5%) 

NP 

92.2 ±1.4 


MP 

91.5 + 8.5 

Triton X-100 (2%) 

NP 

41.7 + 6.2 

-f NaCl (1 M) 

MP 

39.2 + 9.8 

Triton X-100 (2%) 

NP 

25.8 ±2.3 

-t- Urea (2.5 M) 

MP 

36.6±1.3 


"Per cent retentions of MP and NP were calculated by assuming the 
amount of NP and MP associated with the cytoskeletons isolated usings 
2% Triton X-100 as 100%. The cells were pulse labeled with L-p^S]- 
methionine at 4 h postinfection. Cytoskeletons from the ^^S-labeled 
cells were isolated and then analysed by SDS-PAGE, as described in 
Materials and Methods. The gels were radioautographed and the relative 
amounts of various proteins determined by densitometry. Values shown 
are means of three experiments ± standard deviation. 


the F-actin component of the influenza virus-infected 
MDCK cells cytoskeletons, an extraction of these 
cytoskeletons in the presence of 0.25 M ammonium 
sulphate’’ or 0.75 M GuHCP^ should release actin along 
with NP and MP. Table 2 shows that indeed, considerable 
amounts of actin, MP and NP could be released from 
the cytoskeletons of the infected cells by extracting 
them under the above conditions. 

The intracellular localization of NP and MP in influenza 
A virus infected MDCK cells was determined by indirect 
immunofluorescence. At the 8 h postinfection both NP 
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and MP showed similar cellular distribution with a 
distinct morphology. Both the NP and MP were pre¬ 
dominantly cytoplasmic at 8h postinfection (Figure 
4 a, c). The pattern of MP was diffused and homogeneous 
throughout the cytoplasm (Figure 4 c), whereas NP 
exhibited granular staining pattern in the cytoplasm 
(Figure 4^). Both NP and MP showed a characteristic 
staining pattern at the leading edges of the cells (arrow 
heads, Figure 4 a, c) which was present in all the in¬ 
fluenza A virus-infected cells. On the other hand, in 
phalloidin-rhodamine stained cells these leading edges 
were also rich in the actin filaments (arrow heads, Figure 
4 b, d), which indicated the codistribution of these two 
viral proteins with the actin filaments. To further confirm 
the colocalization of the two proteins with the actin 
filaments, influenza A virus-infected cells were treated 
with cytochalasin E (or cytochalasin B). 

Cytochalasins bind to the barbed ends of the actin 
filaments, which inhibit both the association and disso¬ 
ciation of actin monomers at the ends^^“^^ It has been 
reported that an incubation of mammalian cells with 
cytochalasins leads to the formation of membrane blebs 
and cell retraction due to disruption of the actin fila¬ 
ments^’’^’’. In agreement with these findings, we observed 
an extensive modification of the influenza A 
virus-infected cells after their incubation with cytocha¬ 
lasin E for 3 h. This treatment led not only to the 
formation of membrane blebs and cell retraction but 
also an extensive aggregation of actin, as revealed by 
phalloidin-rhodamine staining (Figure 5 b, d). Also MP 
in cytochalasin E-treated influenza A virus-infected cells 
showed a morphological alteration changing from 
homogenous to clumping distribution (Figure 5 c). Fur¬ 
ther, similar changes were observed in the NP distribution 
(Figure 5 a). These results strongly indicated that NP 
and MP are colocalized with actin in the virus-infected 
cells. 

Discussion 

Earlier studies with paramyxoviruses, viz. Newcastle 
disease virus and sendai virus, have reported that 
nucleoproteins and matrix proteins of these viruses 
associate with the cytoskeletons of the host cells^’*’. 
Although matrix proteins of these viruses have been 
demonstrated to interact with F-actin under in vitro 
condition^ Sanderson et al^ have failed to observe any 
codistribution of MP with actin filaments in the sendai 
virus-infected BHK cells. However, immunofluorescence 
analysis employing monoclonal antibody has shown 
codistribution of influenza viral MP with actin filaments 
in the virus-infected CV-1 cells’"’. The present study 
further extends these observations by demonstrating that 
viral NP and MP ionically interact with cytoskeletal 
actin in the influenza virus-infected MDCK cells. 
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Table 2. Release of viral proteins and host cell actin from the influenza A virus-infected MDCK cell 
cytoskeleton upon their treatments with ammonium sulphate or GuHCl 


Retention in cytoskeleton” (%) 

post .infection Protein release --—----— 

Treatment_ (h) . (%) Actin NP 


(NH,),SO, 

-^ - ,- 

A-'- ' 

33.3 ±2.3 

56.0 + 6.3 

53.2 ±9.5 

75,6 ±9.8 

(0.25 M) 

8 

35.0 ±0.6 

55.7 ± 11.3 

54.9 ± 8.4 

72.2 ± 9.2 

GuHCl 

4 

32.5 + 3.5 

45.5 ±6.1 

59.1 ±6.8 

73.6 ±8.4 

(0.75 M) 

8 

28.8 ±0.2 

46.4 ±7.6 

59.3 ±7.3 

59.6 ±4.3 


‘‘Per cent retentions of NP and MP were calculated as given in Table 1. The per cent retention of actin 
was calculated by comparing the vimentin/keratin band-to-actin band ratios calculated from the Coomassie 
blue-stained gels before and after the treatments. Values shown are means of four experiments ± standard 
deviations. 



Fi^re 4. Intracellular localization of NP, MP and actin filaments in influenza A virus-infected MDCK cells. Eight hour postinfected MDCK 

phalloidin-rhodamine (b, d). Note the distribution of NP 
(arrowheads, a) and MP (arrowheads, c) at the periphery of the cells which corresponds to distribution of actin filaments at the periphery of 
the phalloidm-rhodamme stained cells (arrowheads, b, d), v v y 


It is not clear whether NP and MP independently 
bind the host cell cytoskeleton. But based on their recent 
observation that expression of MP alone, using vac/17 
expression vector, in the HeLa-T4 cells does not lead 
to its Triton X-100 insolubility, Zhang and Lamb'^ have 


speculated that perhaps coexpression of another influenza 
virus protein is required for MP to become Triton X-100 
insoluble. We suggest that the binding of MP with the 
cytoskeleton may perhaps be induced by its prior asso¬ 
ciation with NP. That NP and MP have a tendency to 
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Figure 5, Intracellular distribution of NP, MP and actin filaments in influenza A virus-infected MDCK cells after cytochalasin E treatment. 
Eight hour postinfected cells were treated with cytochalasin E (10[ig/ml) for 3 h, and fixed and stained as in Figure 4. Note an extensive 
modification of the actin filaments (b, d) and corresponding changes in distribution of NP (a) and MP (c). Arrowheads show the codistribution 
of NP (a) and MP (c) with the actin filaments (b, d). 


associate with each other is strongly supported by the 
earlier studies of Patterson et who observed co¬ 
distribution of NP and MP in both the nucleus and 
cytoplasm of the influenza virus-infected MDCK cells. 
Also, it finds support from our present findings that 
solubilization of actin or disruption of actin filaments 
invariably leads to the release of both MP and NP from 
the cytoskeletons. 

The influenza viral MP plays a central role in the 
virus assembly. This protein is required not only for 
exporting the viral ribonucleoproteins (vRNPs) out of 
the nucleus but also for preventing the re-entry of the 
exported out vRNPs back into the nucleus^‘\ This function 
of MP may be suitably explained by envisaging that 
MP after entering into the nucleus forms a complex 
with vRNPs through its association with NP and then 
this complex migrates to the cytosol where it binds the 
cytoskeleton through MP to prevent its re-entry back 


into the nucleus. Alternatively, NP may associate with 
MP in the cytosol to induce a binding between MP and 
cytoskeletal actin, which in turn could serve as the 
capture sites for vRNPs being exported out from the 
nucleus. It would therefore seem that the binding between 
the host cell cytoskeletal actin and the viral proteins 
may prove useful to the virus by providing it with a 
mechanism which can prevent the re-entry of vRNPs 
back into the nucleus. Also, this binding may have been 
required for completion of the virus assembly as well 
as motility during virus budding^\ 

Apart from its role in the nuclear export of vRNPs, 
MP is believed to decorate the cytoplasmic face of that 
portion of the host cell plasma membrane which serves 
as the site for virus budding and subsequently as the 
viral membrane^^\ Since the budding sites contain the 
viral proteins that are integral to the viral envelope, it 
may be argued that assembly of these proteins in the 
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host cell membrane bilayer should occur only after its 
dissociation from the underlying cytoskeleton^’^. As only 
up to 80% of MP and 40% of NP were observed to 
become Triton X-100 insoluble during the pulse-chase 
experiments, we speculate that this dissociation is perhaps 
induced by the binding of remainder MP to the mem¬ 
brane. It is, however, difficult to ascertain whether all 
the above functions are performed by a single form of 
MP or there are more than one form of this protein to 
accomplish different functions. 

It has recently been shown that expression of MP in 
the absence of any other viral protein in the HeLa cells 
renders it totally soluble in Triton X-100 (refs 15, 32). 
But even under these conditions, a significant fraction 
of this protein tightly associated with the host cell 
plasma membrane. This may be taken to suggest that 
the membrane-binding and cytoskeleton-binding forms 
of MP could perhaps represent two different structural 
forms of this protein. More studies are clearly required 
to understand the role of viral proteins in modulating 
the structure and interactions of the host cell cytoskeleton 
in the virus-infected cells. 
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The arsenic-affected areas of West Bengal are lying on 
a sediment of Younger Deltaic Deposition (YDD). The 
same sediment extends eastwards towards Bangladesh, 
covering the approximate area of 34 districts out of a 
total of 64 districts in Bangladesh. We suspect that the 
groundwater of these 34 districts of Bangladesh may 
be arsenic-contaminated. So far, we have collected 3106 
water samples for analysis from 28 out of these 34 
districts and in 27 districts 38% of the water samples 
we had analysed contain arsenic above 0.05 mg/1. Area 
and population of these 27 districts are 51,000 km^ and 
36 million respectively. Out of these 27 districts, so 
far, we have surveyed 20 districts for arsenic patients, 
and in 18 districts we have identified people having 
arsenical skin lesions such as melanosis, leuco- 
melanosis, keratosis, hyperkeratosis, dorsum, non-pet¬ 
ting oedema, gangrene and skin cancer. During our 
preliminary field survey in 45 arsenic-affected villages 
in 18 districts, from a random examination of 1630 
people, including children, 57.5% have arsenical skin- 
lesions. While comparing the West Bengal arsenic 
scenario with the available data of Bangladesh, it 
appears that Bangladesh’s arsenic calamity may be 
more severe. If our prediction that the groundwater 
of Bangladesh’s 34 district is likely to be arsenic-con¬ 
taminated comes true, then more than 50 million people 
would be at risk. To combat the situation, Bangladesh 
needs a proper utilization of its vast surface and rain 
water resources. Proper watershed management is 
required urgently. 


The problem of arsenic contamination of groundwater 
in West Bengal, India, and the suffering caused to 
people have been reported in our earlier publications^"*'^. 
Our present status report, up to January 1997, shows 
that 8 districts, 58 blocks and 830 villages are affected. 
The total area and population of these districts are 
38,000 km^ and 38 million respectively. However, it 
must be noted that neither the entire area is 
arsenic-contaminated nor is the entire population drinking 
arsenic-contaminated water; but there is no doubt that 
the people are at risk. During 1992, the School of 
Environmental Studies (SOES), while working in 
Gobindapur village, block (P.S.) Swarupnagar, North 

^For correspondence 


24~Parganas district. West Bengal, noticed something 
unusual. It was found that in one family none of the 
members was showing arsenical skin lesions except a 
woman who came to West Bengal from Bangladesh 
(Village: Bansdoha, P.O.: Fatepur, District: Satkhira) 
after her marriage. On being interviewed, the woman 
revealed that many of her relatives in Bangladesh had 
similar skin lesions. She further said that she had seen 
similar skin lesions among a few of her neighbours and 
also in some people living in two neighbouring villages 
(Uttar Sripur and Tona). The SOES in its report on 
West Bengal’s arsenic calamity had stated that Bangla¬ 
desh, too, in all probability, was arsenic-affected^During 
our survey in the arsenic-affected areas of West Bengal, 
we had identified people with arsenical skin lesions 
from the district of Nawabganj in Bangladesh, which 
is close to West Bengal’s Malda district. In course of 
time, we began to get more and more information about 
the arsenic problem in those parts of Bangladesh that 
border the arsenic-affected areas of West Bengal. SOES 
analysed the hair, nail, skin-scale, urine of the patients 
who came to Calcutta for treatment, and most samples 
were found to be rich in arsenic. 

Immediately after the international conference^' on 
‘Arsenic in groundwater: cause, effect and remedy’ held 
in Jadavpur University, Calcutta, in February 1995, 
medical people from Bangladesh hospitals started writing 
(letters we have published) to SOES'^ that they had 
been getting, for some years, patients with similar skin 
lesions at the out-patient departments of their hospitals. 
But, the doctors stated, they had failed to recognize 
them as arsenic patients. After the conference, more and 
more people suffering from arsenical skin lesions in 
Bangladesh started conniing to Calcutta for treatment 
(patients came from the districts Faridpur, Narayanganj, 
Bagerhat, etc.). Patients who came to Calcutta for treat¬ 
ment, later brought hair, nail and water samples from 
their villages for arsenic analysis. 

During 1996, the Geology Department of Rajshahi 
University, Bangladesh, sent to SOES 600 water samples 
from a few bordering districts of Bangladesh situated 
close to the arsenic-affected districts of West Bengal. 
Two doctors from National Institute for Preventive and 
Social Medicine (NIPSOM) in Bangladesh also came 
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with hair, nail, skin-scales and water samples. After 
that, SOES and NIPSOM worked jointly for three months 
in Bangladesh and covered 17 districts. 750 water sam¬ 
ples, about 300 each of hair, nail and some skin scales 
were collected from the affected areas and analysed for 
arsenic. 

In the meantime, representatives from the Dhaka Com¬ 
munity Hospital, Bangladesh, came to Calcutta in 
November 1996 and analysed water, hair, nail, urine 
and skin-scale samples of arsenic victims from some 
districts of Bangladesh. For a detailed study, SOES 
carried out a joint survey with the Dhaka Community 
Hospital from 19 December 1996 to 7 January 1997 
and covered 15 districts. Altogether, over the last two 
years, SOES has analysed, jointly with various organi¬ 
zations of Bangladesh, 3427 water samples from 37 
districts. About 700 biological samples have been ana¬ 
lysed from patients of 18 districts and 889 adults and 
48 children from 45 villages have been identified as 
having arsenical dermatological features. 

We report in this article the groundwater arsenic 
problem of Bangladesh and the resulting sufferings of 
people on the basis of the analytical reports of water, 
biological species, dermatological features and surveys 
done during the last two years. 

Materials and methods 

Flow Injection-Hydride Generation-Atomic Absorption 
Spectrometry (FI-HG-AAS) was used for analysis of 
most of the water, urine and digested biological samples. 
The flow injection system was assembled from com¬ 
mercially available instruments and accessories in our 
laboratory, A Perkin Elmer Model 3100 atomic absorption 
spectrometer (USA) equipped with Perkin-Elmer-EDL 
system 2 arsenic lamp (lamp current 400 mA) was used. 
The detailed description of the instrumentation and FI- 
HG-AAS procedure have been described in our earlier 
publications^’^ For high concentration of arsenic in water, 
our modified spectrophotometric method Ag-DDTC in 
CHCI 3 with hexamethylenetetramine*^ was used. 

Reagents and glassware 

All reagents are of Analar grade. A solution of 1.5% 
NaBH^ (Merck, Germany) in 0.5% NaOH (E, Merck, 
India) and 5.0 M solution of HCl (E. Merck, India) 
were used for flow injection analysis. Details of the 
reagents and glassware are given elsewhere^’^ 

Sample collection and digestion 

Water samples were collected from tubewells (bore- 
wells). The mode of collection and details of the bore- 
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wells are as described earlier*"^. Samples of hair, nail, 
skin-scale and urine were collected from victims and 
also from people who are drinking arsenic-contaminated 
water. The procedure for cleaning and the mode of 
digestion have been previously described^ 

Procedure for determination of arsenic in 
water, hair, nail, skin-scale and urine 

A detailed procedure for determination of arsenic in 
water, hair, nail, skin-scale and urine has been described 
elsewhere^’l In this study we have determined total 
arsenic in water both by FI-HG-AAS and spectro¬ 
photometric methods. By using our modified spectro¬ 
photometric method, water samples containing high 
arsenic (above 0.04 mg/ 1 ) can be determined with 95% 
confidence whereas by FI-HG-AAS we can determine 
arsenic concentration of 0.003 mg/1 with 95% confidence. 
Arsenic in hair, nail, skin-scale and urine (inorganic 
arsenic and its metabolites) was measured by FI-HG- 
AAS. 

Results and discussion 

We have found arsenic in groundwater in West Bengal 
in the area of sediment of Younger Deltaic Deposition 
(YDD). The same deposition extended eastward, covering 
approximately 34 districts of Bangladesh out of its total 
64 districts, and on this basis we suspect that the 
groundwater of 34 districts may be arsenic contaminated 
(Figure 1 ). During the last two years, in a sporadic 
survey, water samples from 3427 tubewells were ana¬ 
lysed, covering 37 districts, including' 28 of 34 districts 
that we suspect to be arsenic contaminated. Table 1 
shows the results of 28 districts where we suspected 
the groundwater to be arsenic contaminated. Out of 37 
districts covered, in 27 districts arsenic has been found 
to be above the maximum permissible limit, and in 9 
districts (Figure 2 ) the groundwater arsenic level is safe 
for drinking according to the WHO recommended value*'^ 
in drinking water (0.01 mg/1). In Dhaka district, which 
is in our suspected zone, we have analysed 177 water 
samples from shallow tubewells and none of these have 
arsenic more than 0.05 mg/ 1 , but 16 samples contain 
arsenic between 0.01 and 0.049 mg/ 1 , which is above 
the WHO recommended value. From Comilla district, 
we have analysed only two samples from Doutkandi 
Thana and both contain elevated arsenic (0.21 and 
0.32 mg/ 1 ). We suspect that the western side of Comilla, 
adjacent to the affected district of Narayanganj may 
also be affected. At present we have not included Comilla 
in our reported 27 arsenic-affected districts. Table 2 
shows the area and population of the thanas of 27 
districts where we have found arsenic above 0.05 mg/ 1 . 
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Figure 1. Thirty-four districts of Bangladesh lying on sediment of 
Younger Deltaic Deposition (YDD) and suspected to be arsenic con¬ 
taminated. 

There may be a million hand tubewells which villagers 
are using in the arsenic-affected districts of Bangladesh, 
and it may not be possible to analyse all of them. But 
to gauge the arsenic situation, it is necessary to analyse 
at least 10-15% of the total number of tubewells. When 
we find arsenic in groundwater in a district, it does not 
mean that all the thanas (blocks) and, hence, all the villages 
are affected, but the true picture will never emerge until 
and unless we survey each village in each thana where 
groundwater contains arsenic above 0.05 mg/l. 

So far from eight arsenic-affected districts of West 
Bengal, we have analysed about 38,000 tubewell water 
samples for arsenic from the affected villages and the 
total number of samples containing arsenic above 1.0 
mg/l are only about 35. But in the 28 districts of 
Bangladesh where we have so far analysed 3106 water 
samples, 46 are above l.Omg/1. In our West Bengal 
experience of the last 10 years, we have not found such 
a high percentage of arsenic-contaminated tubewells in 
any district/thana/village as we have found in Nawabganj, 
Pabna, Faridpur, Lakshmipur (Table 1). A comparative 
study of high arsenic in groundwater in some areas of 
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Bangladesh with some highly-affected villages of West 
Bengal may give some idea about the severity of ground- 
water arsenic problem of Bangladesh. Figure 3 is a 
comparative study of the arsenic concentrations found 
in 391 water samples collected at random from three 
different arsenic affected unions/wards of the three dis¬ 
tricts Nawabganj, Faridpur and Lakshmipur in Bangladesh 
and the 395 water samples collected from the most 
affected Gram Panchayet, viz. Kolsur of Deganga Block, 
North 24 Parganas, West Bengal. The figure indicates 
that the number of contaminated tubewells in Bangladesh, 
showing arsenic levels of 0.3 mg/l and above, are higher 
than in West Bengal. Figure 4 shows the distribution 
of arsenic in 2929 tubewell water samples from 27 
districts having arsenic in groundwater above 0.05 mg/l. 
In 1987, Chakraborty and Saha'^ studied the incidence 
of arsenical dermatosis in 14 villages of West Bengal. 
Dermatosis was characterized by diffuse and palmoplanter 
melanosis and keratosis. According to their study, the 
lowest arsenic concentration in water producing derma¬ 
tosis was found to be 0.2 mg/l. However, the total 
quantity of arsenic consumed per day and the duration 
of exposure are important factors. From the preliminary 
results of water analysis of tubewells in Bangladesh it 
can be seen that they contain higher arsenic concentra¬ 
tions (Figures 3 and 4); so more people are at risk of 
contracting arsenical dermatosis. 

Arsenic in hair, nails, skin-scales and urine of 
patients having arsenical skin manifestations 

Hair, nails, skin-scales and urine were collected from 
time to time from patients who came to Calcutta for 
treatment, and also samples were collected from patients 
by Rajshahi University, NIPSOM-Dhaka and Dhaka 
Community Hospital. The same were also collected 
during our field survey. All the samples reported here 
(Table 3) are only from patients having arsenical skin 
lesions. Although majority of the samples contain arsenic 
above the recommended value for a normal population, 
some percentages are in the safe level, though all of 
them have arsenical skin lesions. During our discussion 
with the patients, it was revealed that some of them had 
long discontinued using water from their tubewells and 
were drinking river or pond water. (They did not know 
that their skin lesions are due to arsenic toxicity caused 
by drinking tubewell water. However, they had suspected 
that water might be responsible for their ailment and 
had, therefore, changed the source of water.) In West 
Bengal also we have observed that if drinking contami¬ 
nated water is discontinued for a long time, the arsenic 
in hair, nails and skin-scale come down to normal levels 
but the skin lesions may still persist^. The same was 
observed by other workers^^’^^. However, in West Bengal 
we have observed that some time in a studied population, 
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Table 1. 

Preliminary survey report of 28 districts of Bangladesh suspected to 

be arsenic 

contaminated (survey report up to January 1997) 

District 

Total 
no. of 
thana 

No. of 
thana 
surveyed 

No. of thana 
where arsenic in 
groundwater was 
found (mg/1) 

>0.01 >0.05 

Total no. 
of water 
samples 
analysed 


No. ( 

of samples 

in concentration ranges 

of arsenic (mg/1) 


<0.01 

0.01- 0.05- 

0.049 0.099 

0.10- 

0.299 

0.30- 

0.499 

0.50- 

0.699 

0.70- 

1.0 

> 1.0 

Nawabganj 

5 

5 

1 

2 

394 

115 

45 

26 

120 

39 

24 

7 

18 

Rajshahi 

9 

5 

1 

2 

150 

113 

31 

4 

2 





Pabna 

9 

9 

3 

5 

304 

177 

55 

14 

32 

11 

5 

4 

6 

Kushtia 

6 

5 


5 

200 

87 

79 

15 

9 

6 


2 

2 

Meherpur 

2 

1 


1 

69 

2 

12 

18 

28 

8 

1 



Chuadanga 

4 

4 

1 

2 

28 

5 

4 

2 

4 

6 

6 

1 


Jhlnaidah 

6 

1 

- 

1 

26 

10 

9 

3 

2 

1 


I 


Jessore 

8 

4 

- 

4 

109 

73 

19 

8 

5 

1 

1 

2 


Satkhira 

7 

4 


4 

39 

9 

19 

5 

6 





Bagerhat 

9 

3 

- 

3 

144 

18 

23 

19 

39 

34 

7 

4 


Faridpur 

8 

3 

- 

3 

272 

56 

79 

32 

65 

18 

12 

4 

6 

Rajbari 

4 

3 

- 

3 

70 

35 

27 

3 

4 



1 


Khulna 

8 

6 

1 

5 

326 

243 

62 

8 

11 

2 




Magura 

4 

1 

- 

1 

23 

10 

11 

_ 

1 




1 

Narayanganj 

7 

2 

- 

2 

17 

9 

_ 

2 

3 

1 


1 

1 

Chandpur 

7 

4 

_ 

4 

40 

i 

5 

11 

14 

8 

1 



Lakshmipur 

4 

4 

1 

3 

213 

16 

27 

36 

66 

31 

15 

12 

10 

Noakhali 

6 

3 

- 

3 

40 

_ 

3 

9 

14 

6 

2 

4 

2 

GopalganJ 

5 

2 


2 

65 

18 

23 

7 

13 

4 




Norail 

3 

2 

- 

2 

32 

19 

10 

2 

1 





Pirojpur 

6 

3 

- 

3 

65 

35 

15 

3 

10 

2 




Jhalakathi 

4 

3 

1 

2 

28 

17 

6 

2 

2 

1 




Barishal 

10 

4 

- 

4 

116 

24 

12 

15 

48 

11 

3 

3 


Madaripur 

4 

1 

- 

1 

50 

- 

5 

7 

23 

9 

3 

3 


Shariatpur 

6 

4 

1 

3 

64 

29 

15 

8 

5 

6 

1 



Munsiganj 

6 

1 

- 

1 

14 

5 

3 

5 

1 





Natore 

6 

1 


1 

31 

23 

5 

2 

1 





Dhaka 

10 

1 

1 


177 

161 

16 

- 


- 

- 

- 

- 


urinary arsenic may not come down to the normal level 
and sudden jumps in the arsenic level are noticed even 
after discontinuing the use of contaminated water for 
drinking and cooking^. The obvious reason is that, if 
the entire area is contaminated, they could get arsenic 
from other sources like the surface of edible herbs 
cultivated with contaminated water and also from food 
materials washed and cooked with contaminated water'"*. 
Figures 5-7 show the average arsenic content in hair, 
nail, skin-scales of some patients from few affected 
districts of Bangladesh. Table 4 presents the results of 
two main districts towns of Bangladesh, viz. Nawabganj 
Sadar and Faridpur, where we made some study to 
know the concentration of arsenic in their drinking water 
and arsenic in hair, nail and skin-scale of some affected 
persons. This study has some importance as the district 
towns of Bangladesh and West Bengal are thickly popu¬ 
lated. The total area and population of Nawabganj Sadar 
and Faridpur Sadar are 452 km^ 407 km^ and 315,462, 
278,892 respectively. Table 4 shows that the arsenic 
concentration in drinking water of many is quite high. 
In West Bengal, we have observed that 10-15% adults 
using arsenic-contaminated water with levels around 
0.3 mg/1 for a long period may show skin lesions and 
the possibility increases if the nutrition status is poor^ 


In arsenic-affected area of West Bengal, people with 
poor nutrition^ are suffering more than those getting 
better nutrition. Recently while working in Samta village 
(P.S: Sarsa), Jessore, Bangladesh we have also observed 
the same trend. However, a few exceptions are always 
there. If the experience of West Bengal is valid for 
Nawabganj Sadar and Faridpur Sadar, then, as 26.6% 
and 15.2% of the water samples contain arsenic above 
0.30 mg/1, we may expect more people to be arsenic- 
affected, Several studies all over the world provide 
quantitative toxicity data in humans following chronic 
oral exposure to arsenic. It is clear that chronic intake 
of about 10 p-g/kg/day or higher may result in derma¬ 
tological and other signs of arsenical toxicity"*. Chak- 
raborty and Saha'* calculated the dose for dermal and 
hepatic effects considering arsenic concentration in water 
0.2 mg/1 and the value is 18 pg As/kg/day. At 0.3 mg/1 
of arsenic, this dose will be of higher value, and more 
people will show arsenical skin lesion. Further, Guha 
Mazumder"* has reported pigmentation in 13 cases and 
thickening of palm and sole in 4 cases out of 3235 
persons drinking water having arsenic level between 
0.01 and 0.05 mg/1 in West Bengal. We feel a detailed 
study is necessary in these two district towns to know 
the true picture. 
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Figure 2. Thirty-seven districts of Bangladesh surveyed for arsenic 
in groundwater; 27 contain arsenic above 0.05 mg/i, 9 are safe (less 
than 0.01 mg/1) and one (Dhaka) has arsenic between 0.01 and 0.049 
mg/I. 


To know the arsenic concentration in urine, hair, nail 
samples of the control population, we collected water 
and biological samples from Chittagong, about 150 km 
away from the arsenic-affected area, where we do not 
expect groundwater to be arsenic contaminated. Table 
5 shows the arsenic concentration in water, hair, nail 
and urine of the control population. Although 1-2% 
population shows arsenic above normal level, the only 
explanation for this might be that they have stayed 
occasionally in the contaminated area. 

Districts of Bangladesh where people have 
arsenical skin manifestation 

Out of the 27 districts where we have found arsenic in 
groundwater more than 0.05 mg/1, so far we have sur¬ 
veyed 20 districts for arsenic patients, and in 18 districts 
we have identified people having arsenical skin mani¬ 
festations. Figure 8 shows the districts where arsenic 


40% -f] 



■0.01 0.01-0.049 0.05-0.0!)!) 0,10-0.209 O.UO-0.499 0.50-0.099 0.70-1.000 >1.000 

Range of arsenic,rng/l 


Bangladesh West Bengal 


Table 2. Area and population of arsenic-affected districts 


No. of districts in Bangladesh 

64 

Total area of Bangladesh 

148,393 km^ 

Total population of Bangladesh 

109.90 million 

Total no. of thanas (blocks) in Bangladesh 

489 

No. of districts surveyed (preliminary) 

38 

No. of districts having arsenic above 
max. permissible limit (0.05 mg/1) 

27 

Area of thanas of 27 districts 

51,000 km^ 

Population of these 27 districts 

36 million 

Total no, of thanas (blocks) of 27 districts 

165 

No. of thanas (blocks) of the 27 districts 
surveyed (preliminary) 

88 

No. of thanas having arsenic 
> 0.05 mg/1 

72 

Area of these thanas having arsenic 
> 0.05 mg/l 

23,423 km^ 

Population of these thanas having arsenic 
> 0.05 mg/l 

16.7 million 


Figure 3. Comparative study of arsenic concentration in groundwater 
between Bangladesh and West Bengal. 



Figure 4. Distribution of arsenic in groundwater of 27 districts of 
Bangladesh, where arsenic has been found > 0.05 mg/1. 
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patients have been identified. During a three-week field 
survey of SOES jointly with Dhaka Community Hospital 
we had covered 15 districts, and in 14 districts we 
found people suffering from skin lesions. Table 6 shows 
the dermatological features of 17 patients from 18 dis¬ 
tricts and Figures 9-11 show 3 patients of these 18 
affected districts. Figure 12 shows the distribution of 
common arsenical dermatological symptoms among 889 
adults of 18 districts. Although we initially started our 
survey in Bangladesh with the available information 
gathered from the patients who came to Calcutta for 
treatment; samples brought by Rajshahi University, 
Dhaka Community Hospital and 3 months’ joint field 
survey of SOES with NIPSOM, when we were in the 
field more and more information about arsenic-affected 
thanas, villages started pouring in. We feel many villages 
and thanas in the affected districts have arsenic patients 
and we have identified only a few. 

During December 1996 to January 1997, SOES, jointly 
with Dhaka Community Hospital (DCH), surveyed 34 


villages in 15 districts of Bangladesh on the arsenical 
dermatological features of some population in the affected 
villages. Table 7 shows the number of people in each 
district we examined and percentage of people affected. 
During the study we examined villagers on random basis 
while sitting in our camp, and we feel that only 15-20% 
of the total number of people really suffering came to 
us for examination. This is due to the following reasons: 
(i) In villages the affected people think their disease is 
contagious and if other people get know about their 
ailment they will be isolated, (ii) Young girls do not 
want to be examined, (iii) In rural village Muslim 
community, young women do not want to be exposed, 
(iv) People are frustrated and feel that there is no 
cure for their disease, (v) Since village roads are not 
good, people who are suffering seriously did not 
want to come to our camp traveling a distance due to 
weakness, (vi) Normally we were in a village during 
the day and at that time young males were in the field 
for work. 


Table 3. Parametric presentation of concentration of arsenic in hair, nail, skin-scale and urine collected from 

the patients of affected area 



Arsenic content 
in hair’^ 
(mg/kg) 

Arsenic content 
in nail** 
(mg/kg) 

Arsenic content 
in skin-scale 
(mg/kg) 

Arsenic content 
in urine*** 
(pg/1.5 1) 

No. of valid observations 

228 

230 

123 

166 

Mean 

7.78 

12.12 

5.73 

305.69 

Minimum 

0.10 

0.60 

0.28 

15.00 

Maximum 

20.82 

53.39 

23.51 

3083.20 

Standard deviation 

5.03 

9.79 

4.75 

368.43 

% of samples having arsenic 
above normal level 

92.00 

98.00 

@ 

85.00 


® There is no available data of normal level of arsenic for skin-scale. 

*The normal amount of arsenic in hair is 0.08 to 0.25 mg/kg whereas 1 mg/kg being the indication of toxicity^^ 
**The normal arsenic content of nails 0.43-1.08 mg/kg (ref. 27). 

***The normal excretion levels of arsenic in urine range from 0.005 to 0.040 mg per day (1.51) (ref. 28). 



Figure 5. Average concentration of arsenic in hair collected from 
victims of different districts of Bangladesh, 
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Arsenic concentration,mg/kg 

Figure 6. Average concentration of arsenic in nail collected from 
victims of different districts of Bangladesh. 
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Affected children in 14 districts 

A number of studies over the years have shown that 
the children are at a higher risk to arsenic exposure^”'^^ 
Our West Bengal experience shows that normally children 
below 10 years do not show arsenical skin manifestations. 
However, we have observed a few exceptions when (a) 
the arsenic content in water consumed by children is 
very high, around 1.0 mg/1 or above, and (b) even with 
water containing arsenic around 0.5 mg/I or above with 
a poor nutrition status. West Bengal’s affected districts 


Districts 


Nawab^Biij 



-i ^ , ^22 

Pabna 

/?? . 1 Skin-Scale 

Kushtia 

■■ J 

Mcherpur - 

......_____ - 

Jessorc 


Bagcrhat - 

h —.1 

Forid|nir 


Narayaiigmij “ 


C'handpur - 


Lakshtnipur - 



---[--; ....--- f- -1--^1-1-- • ■•I -- 


0 2 .| 0 0 10 12 U 10 10 

A rs e ri i c co ii ee n t ra I i o ri, m g/ k g 


Figure 7. Average concentration of arsenic in skin-scale collected 
from victims of different districts of Bangladesh. 


show that about 2-3% are children and in Bangladesh 
this percentage is much higher. Out of a total of 278 
children we have surveyed in our random survey for 
three weeks in 14 districts, about 17% children (up to 
10 years) have arsenical skin lesions. Figure 13 shows 
the distribution of common arsenical symptoms among 
the children up to 10 years. Figure 14 shows a group 
of children from Benagari, Chuadanga who were drinking 
contaminated water containing arsenic 0.84 mg/1. In this 
village more than 55% of the children below 10 years 
examined randomly showed arsenical skin lesions. These 
children are not only drinking high arsenic-contaminated 
water but are also very poor and ill-nourished. 


Groundwater use for irrigation and domestic 
purpose in Bangladesh through deep and 
shallow tubewells 

In Bangladesh, irrigation using groundwater was first 
started with deep tubewells (around 120 m deep) during 
middle of the sixties for high yield varieties of paddy. 
Bigger and bigger diameter (16-20 cm) deep tubewells 
were sunk and controlled by the government sector. 
Installation of deep tubewells had been continued till 
middle of the eighties. Deep tubewells were controlled 
by the rich farmers; so the poor farmers started using 
shallow tubewells from the seventies. Later this practice 
flourished, as the government procured shallow tubewell 
materials from abroad and sold them to farmers. Like 


Table 4. Status report of arsenic in groundwater and human tissue 


District 



Nawabganj 

Faridpur 

Town 

Nawabganj Sadar 

Faridpur Sadar 

Total no. of water samples analysed 
Concentration ranges of arsenic (mg/1) against 
number of samples 

331 

237 

<0.01 

64 

50 

0.01-0.049 

34 

73 

0.05-0.099 

26 

25 

0.10-0.299 

119 

53 

0.30-0.499 

39 

15 

0.50-0.699 

24 

11 

0.70-1.0 

7 

4 

> 1.0 

Arsenic level in human tissue (mg/kg)* 

Hair 

18 

6 

Total samples analysed 

4U 


Percentage samples above normal level 

Nail 

76 

75 

Total samples analysed 

45^ 

9# 

Percentage samples above normal level 
Skin-scale** 

96 

100 

Total samples analysed 

23^ 

4« 

Range of arsenic 

0.38-15.13 

1.14-12.82 


^Samples from arsenic victims. 

*Hair, nail, skin-scale may not be from same person. 
**For skin-scale there is no available normal level data. 


54 


CURRENT SCIENCE, VOL. 73, NO. 1, 10 JULY 1997 














RESEARCH ARTICLES 


Table 5. Parametric presentation of concentration of arsenic in groundwater, hair, nail and urine 

from the control population 


No. of valid observations 

Mean 

Minimum 

Maximum 

Standard deviation 


Arsenic content 
in groundwater 
(mg/1) 


no 

0.004 

0.003 

0.017 

0.003 


Arsenic content 
in hair 
(mg/kg) 


62 

0.41 

0.12 

0.85 

0.18 


Arsenic content 
in nail 
(mg/kg) 


61 

0.83 

0.09 

1.58 

0.68 


Arsenic content 
in urine 
(lig/1.5 1) 


62 

31 

6 

94 

20 


in West Bengal, there is no groundwater withdrawal 
regulation in Bangladesh. As a result, groundwater ex¬ 
ploitation goes on unchecked. The official data of ground- 
water for irrigation^'^ is given in Table 8. Other than 
withdrawal of groundwater for irrigation, more than 95% 
of the domestic water supply schemes of Bangladesh 
run on underground water^^ Dhaka (population of about 
11 million) is the only city in the world where 95% 
of the water requirement comes from underground water 
source^^ To meet the demand, there are 210 deep 
tubewells run by Water Supply and Sewage Authority 
(WASA) and other 400 deep tubewells run by non¬ 
governmental organizations. Moreover, WASA is plan¬ 
ning to install 100 more. During 1990, WASA in a 
survey of underground water reported that the water 
level in Dakha is dropping fast^^. The reasons, they 
pointed out, were over exploitation and insufficient 
recharge. 


Conclusion 

For the last two years, we have analysed 3427 water 
samples from 37 districts of Bangladesh. Figure 2 shows 
the districts we have investigated for arsenic in ground- 
water and the districts where we have found arsenic 
above 0.05 mg/1. From the distribution chai't (Figure 4) 
of water samples of 27 districts in various arsenic 
concentration range one can easily understand the 
seriousness of the problem. From upper part of Bang¬ 
ladesh and Chittagong we have so far analysed 321 
samples covering 9 districts, and the groundwater of all 
9 districts is found to be safe for drinking (Figure 2). 
We have not surveyed the hilly areas of Bangladesh, 
but we expect them to be safe. Figure 8 further shows 
the 18 districts where we have found people having 
arsenical skin manifestations. In these 18 districts we 
have so far examined 1630 people (including children), 
covering 45 villages, and out of them 57.5% have 
arsenical skin lesions. We were also informed that there 
are 37 more villages where people are suffering. 
Moreover, at this moment, in three more districts Shariat- 
pur, Maderipur, Barishal we have found arsenic in 
groundwater maximum 0.63 mg/1, 0.92 mg/1, 0.96 mg/1 
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Figure 8. Eighteen districts of Bangladesh where people are suffering 
from arsenicosis. 

respectively. We expect arsenic patients in these districts 
also. It is to be further noted that so far we have mainly 
surveyed and reported the areas regarding which we 
had prior information about arsenic patients. This is not 
the complete picture of all the affected districts. A 
detailed survey in all the affected districts will enable 
us to know the true magnitude of the calamity. Figure 
1 shows the area below the solid line joining Nawabganj, 
Pabna, Lower part of Dhaka, Narayanganj, Western part 
of Comiila, Chandpur, Lakshmipur and Feni which are 
suspected to be arsenic contaminated. This has to be 
decided after a proper survey. Before we started our 
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3-week-long field survey, we had no information that 
the districts Rajbari, Magura and Khulna are arsenic-af¬ 
fected, yet during our investigations we identified plenty 
of patients there. Altogether in Bangladesh there are 64 
districts and out of them 34 are in the region we 
predicted. If our prediction comes true then more than 
50 million people of Bangladesh, covering an area of 
65,000 km^ are in the arsenic-affected area and they are 
at risk. 

Both in West Bengal and Bangladesh, groundwater is 
being exploited recklessly. In Bangladesh, the irrigation 
system started with deep tubewells in the later part of 
1960. Although Bangladesh has huge wetlands, flooded 
river basins, Ox-Bow lakes and high rainfall, groundwater 
is considered the major water resume in many districts, 
and its use is increasing day by day. For example, in 
Taranagar village of Meherpur Sadar (district Meherpur) 
all the 43 tubewells analysed showed arsenic contami- 



Figure 9. Squamous cell carcinoma (SCC). Village: Charruppur; P.S.: 
Ishwardi; Dist., Pabna. 



Figure 10. Squamous cell carcinoma (SCC) with non-petting oedema 
Village: South Tepakhola; P.S.: Faridpur Sadar; Dist.: Faridpur. 
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nation and had high levels of arsenic (up to 0.70 mg/1), 
still villagers use these tubewell water for agriculture, 
cooking and drinking even though the big water body 
Padma Beel lies close by. Figure 15 shows that in the 
district Jhenaidah nearby villagers are withdrawing 
groundwater for irrigation when the ‘Chotopatra Beel’ 
has enough water. To combat this arsenic situation we 
need water-shed management and awareness campaigns 



Figure 11, Amputated fingers of right hand due to gangrene. Village: 
Samta; P.S.: Sarsa; Dist.: Jessore. 


Symptoms 



20% 40% 60% 80% 100% 

% of patients 


Figure 12. Distribution of common arsenical dermatological synnptoms 
among adults of 18 districts of Bangladesh. SM-P, Spotted melanosis 
on palm; SM-T, Spotted melanosis on trunk; SK-P, Spotted keratosis 
on palm; SK-S, Spotted keratosis on sole; Leuco-M, Leuco melanosis; 
DM-P, Diffuse melanosis on palm; DM-T, Diffuse melanosis on trunk; 
DK-P, Diffuse keratosis on palm; DK-S, Diffuse keratosis on sole; 
WB-M, Whole body melanosis. 
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at the village level. In Ronpiboon-Thailand, rain water 
stored in huge storage tanks is used by the villagers 
not only during the rainy season but also for a couple 
of months after that. Other than the prime objectives 
of proper watershed management, from our last 10 years’ 
experience in West Bengal’s arsenic-affected areas, we 
suggest the following measures to combat this situation: 



' of I'iiticnlH 

Figure 13. Distribution of common arsenical dermatological symptoms 
among children of 14 districts of Bangladesh. SM-P, Spotted melanosis 
on palm; SM-T, Spotted melanosis on trunk; SK-P, Spotted keratosis 
on palm; SK-S, Spotted keratosis on sole; Leuco-M, Leuco melanosis; 
DM-P, Diffuse melanosis on palm; DM-T, Diffuse melanosis on trunk; 
DK-P, Diffuse keratosis on palm; DK-S, Diffuse keratosis on sole; 
WB-M» Whole body melanosis, 



Figure 14. A group of affected children (55% of them have arsenical 
melanosis). Village: Benagari; P.S.: Alamdanga; Dist.: Chuadanga. 


1. Villagers must be made aware of the hazards of 
drinking arsenic-contaminated water and cooking with 
it, and informed that the diseases are not contagious. 

2. Normally, in arsenic-affected villages, there are at 
least some tubewells which are safe for drinking. 
The government, the village-level authority and NGOs 
should identify them and mark with colour after 
analysing their water and tell the villagers to use 
water from these wells. However, a safe tubewell 
may get contaminated in the long run, and that is 
why the tubewells should be checked after every 
three months. In Bangladesh most of the deep 
tubewells we have analysed for arsenic have been 
found to be safe. In West Bengal, too, deep tubewells 
which were earlier found safe in many districts are 
now predominantly arsenic-contaminated. So deep 
tubewells of Bangladesh are also to be checked at 
regular intervals. 

3. From our experience in West Bengal we have seen 
that many of those having diffuse melanosis or earlier 
pigmentation have returned to normal life after drink¬ 
ing safe water, eating nutritious food and doing some 
daily exercise. This finding has been corroborated by 
our field surveys in Bangladesh. 

Over exploitation of underground water for agriculture 
is becoming common in developing countries such as 
India, Bangladesh and China. Millions are exposed to 
arsenic and fluoride in India and China alone, and a 



Figure 15. Use of underground water for irrigation even though near 
by ‘Chotopatra Beel’ has enough water. Village: Moheshpur; P.S.: 
Moheshpur; Dist.: Jhenaidah. 


Table 8. Official estimation of use of deep and shallow tubewells for agriculture in Bangladesh (1995 data) 

Total deep tubewells (16 cm to 20 cm diameter) Total shallow tubewells (7 cm to 10 cm diameter) 

Commissioned Operation Depth (m) Discharge Commissioned Operation Depth (m) Discharge 

36,357 24,616 76-91 100 mVh 358,372 37 20 mVh 
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huge population is suffering from arsenicosis and 
fluorosis because of drinking contaminated groundwater. 
Bangladesh’s groundwater arsenic problem has surfaced 
now. Bangladesh’s surface resources of sweet water like 
rivers, wetlands, flooded river basins, Ox-Bow lakes are 
among the highest in the world. Moreover the annual 
rainfall is also more than 2000 mm. The arsenic calamity 
of Bangladesh can be brought under control if withdrawal 
of groundwater is restricted, surface water properly uti¬ 
lized and rain water harvested. Bangladesh needs a 
proper ‘Watershed Management’. 
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Late Quaternary vegetational and climatic 
changes from tropical peats in southern India — 
An extended record up to 40,000 years BP 
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Stable carbon isotope ratios of peats dated (by C) 
back to 40 kyr BP from the montane region (> 1800 m 
asl) of the Nilgiris, southern India, reflect changes in 
the relative proportions of C3 and C4 plant types, 
which are influenced by soil moisture (and hence 
monsoonal precipitation). From prior to 40 kyr BP 
until 28 kyr BP, a general decline in d ^C values from 
about -14 per mil to -19 per mil suggests increased 
dominance of C3 plants concurrent with increasingly 
moist conditions. During 28-18 kyr BP there seems 
relatively little change with of -19 to -18 per 
mil. At about 16 kyr BP a sharp reversal in C to a 
peak of -14.7 per mil indicates a clear predominance 
of C4 vegetation associated with arid conditions, 
possibly during or just after the Last Glacial Maximum. 
A moist phase at about 9 kyr BP (the Holocene Opti¬ 
mum) with dominance of C3 vegetation type is ob¬ 
served, while arid conditions are re-established during 
5-2 kyr BP with an overall dominance of C4 vegetation. 
New data do not support the occurrence of a moist 
phase coinciding with the Mediaeval Warm Period (at 
0.6 kyr BP) as suggested earlier. Overall, the climate 
and vegetation in the high altitude regions of the 
southern Indian tropics seem to have responded to past 
global climatic changes, and this is consistent with 
other evidences from India and other tropical regions. 


Studies on tropical climatic and vegetational history 
from a variety of continental deposits are gaining 
importance in recent years. Snow-line reconstructions', 
carbon isotope analyses of peats^, oxygen isotope analyses 
of ice cores^ and noble gases dissolved in groundwater^ 
suggest significant climatic changes on land at low 
latitudes, especially during the Last Glacial Maximum 
(LGM) (ca. 20-16 kyr BP). A better understanding of 
the past climatic and vegetational changes in the tropics 
from proxy data sets becomes essential in view of 
anticipated future global climatic changes. 

Palaeoclimatic reconstruction, using stable carbon iso¬ 
tope analyses of organic matter, is based on the well- 
known difference in '^C/'^C ratios of C3 and C4 plants, 
which are separated on the basis of their photosynthetic 
pathways of carbon fixation. C3 plants (dicot plants and 


temperate grasses) and C4 plants (mainly tropical grasses 
and sedges) have mean values in the range of 

-26 to -28 per mil and -11 to -13 per mil respec- 
tivelyl They also show distinctive ecological preferences, 
with C3 plants preferring regions of higher precipitation 
and soil moisture and C4 plants dominating in regions 
of low soil moisture and aridity^’^. Based on this, <5'^C 
values from soil organic matter^’'^ lake sediments"^ and 
peats^ have been used as palaeoclimatic indicators. 

We have earlier reported changes in vegetation and 
climate up to 9 kyr BP in the Sandynallah basin of the 
Nilgiri hills, southern India, based on '*^C/'^C ratios of peats 
from a single core^. In this article we extend the (5'^C record 
up to 40 kyr BP through further sampling of peats from 
three cores in two basins in the Sandynallah region. 

Study area 

The Nilgiri hills is located between ir0'-ll°30'N and 
75°0-77°20'E in the Western Ghats of southern India. 
The datural vegetation of the montane region (1800- 
2500 m asl) is a mixture of stunted evergreen forest 
and grassland. Annual precipitation from the southwest 
(summer) and northeast (winter) monsoons over the 
plateau averages 1300-3000 mm. Further details of 
the vegetation and climate are found elsewhere^’""'l 
The Sandynallah region from where peats were collected 
is located at about 2200 m asl in the Nilgiri hills. Mean 
annual rainfall at Sandynallah is 1400 mm. 

Peat deposits are generally found in the valleys or 
basins of the montane regions (> 1800 m asl) of the 
Western Ghats. Low temperature, anaerobic conditions 
and frequent water-logging favour the formation of peats 
in the higher altitude regions of the tropics. The vegetal 
matter of peat is derived from C3 and C4 plants growing 
in the valleys and the surrounding hill slopes of the basin. 
This can be expected to preserve the vegetational and 
climatic record of the region, as diagenic alteration of 
stable carbon isotopes in organic peats does not occur'"^. 

Methods 

Peat samples were collected from two adjacent valleys 
or basins, less than 1 km apart, in the Sandynallah 
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Table 1. Radiocarbon ages from peat samples in the Sandynallah 
region of the Nilgiri hills, southern India 


Depth 

(cm) 

Lab no. 

Radiocarbon 
age± ISD (yr BP) 

a‘'c 

(per mil) 

Basin A (Pit 1) 

5-10 

BS-874* 

Modern 

- 18.0 

120-125 

BS-1083 

380± 140 

-17.9 

140-145 

BS-1085 

660± 180 

- 15.5 

150-155 

BS-873* 

2230 ±130 

- 17.4 

160-165 

BS-968* 

2550 ±90 

- 16.9 

170-175 

BS-871* 

3040 ± 80 

- 14.7 

180-185 

BS-967* 

4050 ±110 . 

-15.0 

190-195 

BS-872* 

4680 ±120 

- 14.9 

233-240 

BS-869* 

8680 ±140 

-20.2 

Basin A (Pit 2A) 

70-75 

BS-1097 

2600 ±120 

- 14.8 

90-95 

BS-.1165 

4490 ±90 

- 14.5 

110-113 

BS-I166 

6270 ±170 

- 17.4 

120-125 

BS-1094 

9440 ±220 

- 16.5 

150-153 

BS-1099 

11300 ±440 

- 16.0 

Basin A (Pit 2B) 

158-161 

BS-1098 

10230 ±280 

-15.9 

173-176 

BS-1066 

12540 ±230 

- 16,2 

183-186 

BS4067 

12620 ±790 

- 16.5 

192-195 

BS-1070 

9640 ±790 

- 18.2 

198-201 

BS-1101 

15890 ±1230 

- 14.7 

210-213 

BS-1068 

13810 ±1040 

- 16.8 

Basin B (Pit lA) 

35-37 

BS-1076 

2120 ±90 

- 16.6 

55-58 

BS-1075 

4010 ±100 

- 17.0 

Basin B (Pit IB) 

62-64 

BS-1073 

3730 ±100 

- 15.3 

78-80 

BS-1074 

4560 ±100 

- 16.0 

95-98 

BS-1064 

5370 ±150 

- 16.2 

110-113 

BS-1060 

11820 ±180 

- 17.1 

115-118 

BS-1185 

18440 ±510 

-18.5 

121-124 

BS-1186 

28150±2180 

- 19.2 

129-132 

BS-1092 

25190 ±660 

-19.0 

141-144 

BS-1093 

28410 ±890 

-18.5 

153-156 

BS-1058 

22450 ±410 

- 18.3 

159-162 

BS-1091 

31790 ±1180 

-18.1 

165-168 

BS-1090 

31380 ±1140 

- 17.7 

171-174 

BS-1059 

35560 ±2480 

- 18.0 

180-183 

BS-1095 

39690 ±2700 

- 17.1 

189-192 

BS-1096 

>40000 

- 16.6 

201-204 

BS-1057 

>40000 

- 16.2 

217-220 

BS-1062 

>40000 

- 15.5 

241-244 

BS-1063 

> 40000 

- 16.6 


Two pits each of 2.4 m (pit 1) and 2.55 m (pit 2) depth in basin A 
and one pit of 2.44 m (pit 1) in basin B were dug. Peat samples, 
each of 5 cm depth at 10 cm interval, were collected from pit 1 of 
basin A. From pit 2 of basin A continuous sampling was carried out 
from 100 cm to 159 cm (referred to as pit 2A), while sampling was 
slightly shifted to an adjacent section of the pit (referred to as pit 
2B), from 156 cm to 255 cm because of wall collapse in pit 2A. From 
basin B peat samples each of 2 cm depth were collected at 9 cm 
intervals until 61 cm and continuously beyond this (each sample of 3 
cm depth) up to 78 cm depth (referred to as pit lA). As the wall 
collapsed beneath this depth, we shifted to an adjacent portion and 
sampled continuously from 62 cm depth until 244 cm (referred to as 
pit IB). All '"*0 ages are based on a half-life of 5730±40 years. The 
reference year for BP is AD 1950. 

*The radiocarbon dates of these peat samples from basin A (pit 1) 
are based on Sukumar et al?. A value of - 13.8 per mil was 
obtained at a depth of 235-238 cm in basin B (pit IB). This has not 
been dated but can be expected to be > 40000 yr BP. 

CURRENT SCIENCE, VOL. 73, NO. 1, 10 JULY 1997 


region. Two pits in basin A and one pit in basin B were 
dug (for further details refer to Table 1). Samples were 
collected from the walls of the pits. Care was taken to 
avoid any contamination. These were packed in polythene 
bags and stored at 7°C to minimize deterioration. 

Radiocarbon dating of a subset of the peat samples 
was carried out at the Birbal Sahni Institute of 
Palaeobotany. After removing visible rootlets, the samples 
were treated with 10% HCl at 95°C to remove carbonates. 
They were subsequently neutralized, centrifuged and 
dried at 95°C. The specific activity of *"0 in the samples 
was measured using a gas proportional counter'^. All 
ages are based on a half-life of 5730 ±40 years. 
Table 1 shows the sample details and the corresponding 
ages. The calendar dates would be different from 
the dates, in general being greater by about 10-15% 
over the dates, for dates of 5-20 kyr BP (see 
refs 16, 17 for recalibrated dates, and ref. 2 for recali¬ 
bration of some of the Nilgiri samples). 

Stable carbon isotope ratios in peats and in dried leaf 
samples of modern C3 and C4 plants in the basin were 
determined by the method of Stump and Frazer*I Peat 
was ground to a fine powder, demineralized with 10% 
HCl and completely dried. The samples were combusted 
with CuO at 800°C in sealed quartz tubes. The carbon 
was quantitatively converted to CO 2 and measured in a 
VG-Micromass 903 mass spectrometer at the Physical 
Research Laboratory. 

The isotope ratios are expressed as d values, where 

(5i3(;^ = [(’^C/'^C sample)/('^C/‘^C standard)-!] 

X 1000 per mil. 

The standard was PDB-carbonate, and the overall 
precision of the isotope analyses was ±0.1 per mil. 
The (5*^C of an internal standard UCLA-glucose 
((5‘^C = -9.78 permit measured at UCLA) was measured 
along with the peat samples and a mean value of - 9.70 
(±0.14, n-1) was obtained. 

Results and discussion 

The ^*^C values of dominant C3 and C4 plants found 
currently in the basin average -26.6 per mil (±2.3, 
/2=13) for C3 grasses and herbs and -10.9 per mil 
(±0.97, n = 8) for C4 grasses and sedges. Both C3 and 
C4 species were found within the Poaceae and Cypera- 
ceae. A plot of ^*^C values and the corresponding ^'^C 
ages of the peat samples is shown in Figure 1. 

The (5'^C values have fluctuated between -20 per mil 
and about - 14 per mil during the past 40 kyr, suggesting 
that these values have been derived from a nearly equal 
proportion of C3 and C4 vegetation in the former case 
and from a predominance of C4 plants in the latter. 
Peat samples with approximately similar dates from the 
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Figure 1. 5'-^C values (in per mil, with respect to PDB) versus ‘'‘C 
age (kyrBP) of peats from Sandynallah region, Nilgiri hills, southern 
India. The scale on the right gives the proportion of C4 plants based 
on upper and lower limits of -26.6 and - 10.9 per mil for exclusively 
C3 and C4 plants respectively. 

two basins show a 0.3 to 2.1 per mil variation in their 
(5‘^C values. This difference could be attributed to local 
site variation in moisture conditions and proportions of 
the C3 and C4 plants. 

The (5‘^C profile of peats >40kyrBP generally shows 
a progressively negative trend up to 40 kyr BP, indicative 
of a decrease in the proportion of C4 plants, or increasing 
moisture conditions. While the <5‘^C value reaches a 
peak value of - 13.8 per mil (almost complete C4 domi¬ 
nance) at a depth of 235-238 cm, it is -17.1 per mil 
(significant C3 contribution) at a depth of 180-183 cm 
which has been dated at 39.7 kyr BP. We are unable to 
determine the time period over which this change took 
place because samples older than 40 kyr BP could not 
be dated by the conventional method. This overall 
change in the value continues from 40 kyr to about 
28 kyr BP reaching -19.2permil (at 28.2 kyrBP), sug¬ 
gesting increasingly moist conditions, and changing mar¬ 
ginally to -18.5 per mil at 18.4 kyr BP. 

In their work on Quaternary climatic changes in the 
desert regions of Gujarat and Rajasthan, Allchin and 
co-workers^'*^ have also proposed a dry phase prior to 
40 kyr BP and a wet phase after 40 kyr BP. Similar 
results were obtained from tropical Africa where high 
lake levels have been observed prior to 25 kyr BP (ref. 
20). Street and Grove^^ also show evidence for higher 
lake levels in Africa for the period between 30 kyr and 
21 kyrBP. In southern Australia, higher lake stands 
during 40-20 kyr BP have been reported^l For the first 
time evidence for relatively moist conditions between 
40 kyr and 20 kyr BP is demonstrated in southern India. 

The LGM is believed to have extended anywhere 
from about 22 kyr to 14 kyrBP, with a mean of 18 kyr 
(ref. 14). At Sandynallah a signature of - 14,7 per 


mil suggesting an expansion of C4 vegetation is seen 
around 16 kyr BP. This C4 signature is based on a single 
sample from basin A (pit 2B) of Sandynallah (Table 
1). It is likely that peat formation is reduced or nearly 
absent during periods of extreme aridity, as Sandynallah 
basin B showed an abrupt change from about 12 to 
18 kyr with no peats dated in between (Table 1). An 
arid phase, with almost purely C4 vegetation, between 
20 kyr and 17 kyr BP in the Nilgiri hills had been earlier 
demonstrated from peats collected from other basins in 
the Nilgiri hillsl Evidence from other data such as lake 
level fluctuations in Africa^^ and lacustrine pollen 
deposits in north-western India^'^ supports the late glacial 
arid conditions during this time period. ratios in 
pollen^^ and foraminifera^^ from ocean sediments also 
suggest arid conditions and weaker summer monsoon 
during this time period. Similarly, climatic model simu- 
lations^^”^^'^ point to a period of weak Asian south-west 
(summer) monsoon during the LGM. The C4 signature 
in montane southern India may be a response to a 
weaker summer monsoon and lower soil moisture in 
the region during the LGM. 

Following the LGM, there is a trend towards moist 
conditions with (5‘^C values in the range of -16 to 
-17 per mil during 13.8 to 10.2 kyr BP. During the 
early to mid-Holocene (10-5 kyrBP) there is a peak 
moist period around 9 kyr BP ((5'^C =-20.2 per mil at 
8.7 kyrBP) as indicated by a substantial contribution 
of C3 vegetation. During this period, annual precipitation 
is believed to have been much higher than today in 
Southern Asia and in Africa north of the equator^‘\ The 
increased isolation at high latitudes may also have 
resulted in enhanced monsoon in north-western India^*, 
with precipitation being about 200 mm/yr above present 
values as calculated from pollen profiles^^. Thus, in¬ 
creased monsoon and soil moisture, perhaps coinciding 
with warmer temperatures, and supporting a higher pro¬ 
portion of C3 vegetation may have prevailed around 
9-8 kyr BP in the montane regions of the Nilgiri hills. 

Arid periods with an overall dominance of C4 grasses 
are clearly established from about 5 kyr BP to 2 kyr BP, 
although there is fluctuation in the (3^^C values during 
this period. Pollen profiles from lake sediments in north¬ 
western India^^ and monsoon upwelling record from the 
Arabian Sea^^ also support a weakening of the summer 
monsoon over the Indian sub-continent during this period. 
Reduction in humid conditions and increase in grassland 
pollen ca. 3.5 kyrBP have also been observed from two 
marine cores in western India at latitude 14-15°N (ref. 34). 

Earlier dating of peats from pit 1 in Sandynallah 
basin A had suggested that samples at a depth of 
50-85 cm, showing a predominantly C3 signature, could 
be dated through a best-fit regression at about 0.5-0,7 kyr 
BP (ref. 2). This had indicated that a rapid shift in 
vegetation to C3 type at Sandynallah may have corres¬ 
ponded to the Mediaeval Warm Period, dated at 
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AD 1200-1400, of Europe and North America"^. New 
radiocarbon dates of samples at depth 120-125 cm (380 yr 
BP) and 140-145 cm (660yrBP) from this pit (Table 
1) do not support the earlier view. The predominance 
of C3 vegetation is either much more recent or an 
anomaly due to human-induced disturbance to the upper 
layers 'of the peat bog in recent decades. 

The pattern of changes in vegetation (C3/C4 plant 
types) in the montane regions of southern India seems 
synchronous with changes in the strength of the monsoon 
and in soil moisture. A number of climate models have 
also shown a positive correlation between the temperature 
and the strength of the Asian summer monsoon^^"^^^ 
Higher temperatures (due to variations in the earth’s 
orbit or greenhouse gases such as CO^) could result in 
increased precipitation and soil moisture and favour the 
spread of C3 vegetation type. Conversely, lower preci¬ 
pitation and soil moisture as a consequence of lower 
mean temperatures would favour the spread of C4 grass¬ 
lands. 

Moreover, Robinson^^ has shown that atmospheric CO 2 
levels since the LGM as measured in the Antarctic ice 
cores^^ are remarkably correlated with the proportion of 
C3/C4 vegetation as revealed from carbon isotope ana¬ 
lyses of peats in montane southern India^. She has 
suggested that under low atmospheric CO^ concentrations 
the C4 plants, which are known to have a physiological 
advantage over C3 plants, may also have enjoyed a 
competitive edge over C3 plants during the LGM. 

This is actually not inconsistent with the well-known 
positive correlation between atmospheric CO 2 and tem¬ 
perature and of the model-derived relationship, between 
temperature and Indian summer monsoonal precipitation. 
Thus, soil moisture (or strength of the monsoon) and 
atmospheric CO 2 levels could both play a role in de¬ 
termining the relative dominance of C3 and C4 vegetation 
in a region. However, there has to be a much better 
understanding of the relationship between atmospheric 
CO 2 levels, temperature, monsoonal precipitation, eva- 
potranspiration, soil moisture and competitive abilities 
of C3 and C4 plants before tropical climatic changes 
during the Quaternary can be reconstructed with higher 
resolution and certainty from stable isotopic analyses of 
the peats. 

The broad changes in climate and vegetation observed 
in montane southern India support the contention that 
tropical climatic change is significantly in tune with 
global climatic changes described in greater detail for 
the higher latitudes. Sampling from several basins along 
the Western Ghats in southern India can be expected 
to provide a clearer picture of late Quaternary climate 
change. 
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Hall angle in high-Tc cuprates: 
Anomalous temperature dependence 
and anisotropic scattering 

N. Kumar 

Raman Research Institute, Bangalore 560 080, India 

The anisotropy of the scattering rates, llti ,« T and 
I/Th « r*, implied effectively by the anomalous tem¬ 
perature dependence of the normal-state in-plane Hall 
angle, cot0„«:^^ observed in the high-T^ layered 
cuprates is reasoned out to be a natural consequence 
of the semiclassical Boltzmann transport equation 
with crossed electric (E) and magnetic (H) fields. It 
is argued that while the scattering rate l/r„ describes 
the longitudinal relaxation of the dipolar E-pertur¬ 
bations to the circular zero-field reference distribution 
function which is known to correspond to a non-Fermi 
liquid with 1/t„ « T, the scattering rate 1/t„ describes 
the transverse relaxation of the H-perturbations to 
the E-induced shifted reference distribution which is 
Fermi-liquid-like giving l/% a Incorporation of 
impurity scattering gives Cot 0,| =ar^ + b in agreement 
with the observed temperature dependence. 

The temperature dependence of the normal-state in-plane 
Hall angle 0 h( 7) observed in the layered cuprate super¬ 
conductors is knownto be anomalous in that 
cote^^iT) =a + bT^ while the in-plane resistivity 
is T-linear and the Hall coefficient « 1/T. This is 
in clear violation of the Kohler scaling rule®'^, known 
to be valid generally for conventional metals, that as¬ 
sumes isotropic scattering rates, i.e. t,j.= t,.,, defined 
with respect to the Hall geometry. Here is the usual 
longitudinal relaxation time for transport parallel to the 
applied in-plane electric field (E) while is the trans¬ 
verse relaxation time for transport perpendicular to E 
and the out-of-plane magnetic field (H). Further, it has 
been found that (i) the anomaly is generic to high-Tj, 
layered cuprates, (ii) it is pronounced for optimally 
doped cuprates with T-linear and (iii) it gets 

weaker for over-doped samples. Also, no such anomaly 
is seen in the case of an out-of-plane Hall current^. 

Semi-phenomenological approaches to resolving the 
Hall-angle puzzle have invoked anisotropic scattering 
, rate, following the proposal due originally to 

Anderson* that these two distinct scattering rates arise 
naturally from the spin-charge separation of carriers in 
the normal state of the layered cuprates. In this note 
we have argued out, in generality, the observed anisot¬ 
ropy, Tj, viT,,., basing on a re-interpretation of the structure 
of the Boltzmann transport equation for crossed E- and 
H-fields without any microscopic particularity. The basic 
idea is that while the longitudinal response to an electric 
field E involves relaxation of a dipolar deformation to 
the circular reference phase-space distribution, given to 
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be a non-Fermi liquid with T-linear p^^(T) implying 
T’* r, the incremental transverse (Hall) response to 
the add-on cross field (H) involves relaxation to a 
reference state which is now a rotated dipolar sub¬ 
distribution. The latter may be viewed as a dilute 
Fermi-system per se, but one with an excluded circular 
phase-space, that makes it a normal-Fermi liquid with 
the usual relaxation rate r"* 

Our argument can be appreciated best by reference 
to the structure of the Boltzmann equation for the 
velocity distribution function under the perturbing crossed 
E- and H-fields. As is well known, the Hall effect is 
a multiplicative response where the E-field produces a 
dipolar deformation of the unperturbed circular distri¬ 
bution function /(,,,)(v), and the H-field response consists 
in the rotation of this dipolar deformation by an angle, 
the Hall angle 

Let/i,,|(v) be the distribution function for E = 0 = H 
and d/jj,)(v) be the dipolar deformation generated by the 
in-plane electric field E. Then (in obvious notation*') 

«Ve.o(v) = -VE'V^ • (1) 

Here denotes the relaxation rate of deformed distri¬ 
bution /g()(v) towards the reference circular distribution 
/;,„(v). Now, consider the effect of the crossed out- 
of-plane-field H. This field acts on the dipolar defor¬ 
mation ^/eo(v) and generates a rotationally re-deformed 
distribution (The action of H on the original 

circular reference distribution /o(,(v) generates (quantum- 
mechanically) only a diamagnetic response which is not 
relevant here.) The question now is how ^/e,h(v) is to 
relax. The first point to note is that <5/g „(v) has to relax 
to the dipolar reference distribution This refer¬ 

ence state characterized by the dipolar deformation 
(5/g„(v) may now be treated as a fermionic sub-system. 
The latter is certainly dilute (for low-enough E-field). 
Also, the rotational relaxation ^/e,h(v) -> <%.()('*) 
affected by the background djfj, „(v) which merely provides 
an excluded phase-space. Thus, the relaxation 
essentially characteristic of a normal 
Fermi liquid. We must, therefore, have (up to orders 
linear in E&H) 

P A ^71 3 

+ —-d/„(v) (2) 

with H a unit vector along H, and as for a 

normal Fermi liquid without impurity scattering. 

From eqs (1) and (2), we at once have for the Hall 
angle 0,,: 

cot oc —. (3) 

Now, for an impure normal Fermi-liquid =aT^ 
where /? denotes the effect of impurity scattering. Hence, 
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cot 6^ = aT^ + b (4) 

as indeed observed by Chien et al} in Zn-doped YBCO 
single crystals, and subsequently reported more widely 

The above argument is consistent with the absence 
of anomaly when the Hall current is out-of-plane (i.e. 
along the c-axis) with the crossed-fields in-plane. This 
is because the c-axis transport has been shown to be 
controlled intrinsically by the in-plane transport in the 
normal state, and hence there is a single relaxation time 
Tjj. oc consistent with the T-linear in-plane resisti- 
vity^-^i. 

We would like to conclude with the following com¬ 
ments. The main point of our argument is that while 
the system may be a strongly correlated one with 
non-Fermi liquid-characteristics, e.g. the T-linear in-plane 
resistivity, a small deformation (in the sense of distri¬ 
bution function) of the system when probed appropriately 
may behave differently, and in particular as a normal 
Fermi-liquid, This notion is, of course, somewhat familiar 
in terms of the idea of the electron- or the hole-pockets 
of a complex Fermi-surface representing sub-sets of 
carriers with different characteristics, e.g. effective 
masses, etc. In our case of the Hall angle, the electric 
field prepares the small deformation (sub-set of carriers) 
and the magnetic-field probes it. It should be possible 
to extend this argument to other, possible multipolar, 
deformations. 

Note added in proof: In response to the clarification 
sought by the referee in his report, received at the proof 
stage, I clarify once again that in this work we do not 
introduce explicitly any specific modification of the 
collision term subsumed in the treatment of B. G. 
Kotliar, A. Sengupta and C. M. Vai*ma {Phys, Rev., 
1996, B53, 3573-3577) as a dissipative force proportional 
to magnetic field and acting sideways, arising from a 
singular skew-scattering mechanism. Instead, we have 
decomposed the Hall response as a two-step process, 
and have distinguished the two relaxation rates in terms 
of the natures of the respective deformations of the 
distribution functions involved and the reference distri¬ 
butions to which these deformations relax. This crucial 
point is totally missed in the usual Boltzmann transport 
equation that balances the effect of the force 
[E + VxH] against the collision integral. 
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Direct electrochemistry of heme 
undecapeptide in aqueous surfactant 
solutions: The effect of 
hydrophobicity and axial ligation on 
redox potential of heme 

Krishnananda Chattopadhyay and Shyamalava 
Mazumdar 

Chemical Physics Group, Tata Institute of Fundamental Research, Homi 
Bhabha Road, Mumbai 400 005, India 

Direct electrochemistry of heme undecapeptide 
(microperoxidase) in micellar solution has been 
achieved for the first time. Results show a smooth 
increase in the Eif 2 with increase in surfactant con¬ 
centration. The diversity of redox potentials of the 
heme in various redox hemeproteins is an important 
topic of investigation in recent years. The origin of 
this diversity can either be variation in axial ligation 
or hydrophobicity of the heme pocket in different 
hemeproteins. We report here that association of 
heme undecapeptide (microperoxidase) with aqueous 
detergent micelles can indeed modulate the redox 
potential of the heme to a sizable extent. Micellar 
environment mimics the hydrophobicity of the protein 
cavity. Thus, our results demonstrate on how the 
hydrophobicity can tune the redox potentials of 
hemeproteins. 

Electrochemical techniques are recognized* as powerful 
means to characterize electron transfer properties of 
chemical and biological systems. Several workers have 
reported^ electrochemical studies on metalloproteins using 
mediators such as ferrocenes and methylviologen. Direct 
electron transfer between the protein and the electrode 
has recently attracted extensive interest and several stud¬ 
ies on ‘direct’ electrochemistry of metalloproteins have 
been reported^. Thus, direct application of cyclic vol¬ 
tammetry to the study of redox processes of various 
metalloproteins is achieved in presence of suitable pro- 
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moters (with no redox activity in the potential of study) 
to understand the mechanism of electron transfer between 
the electrode and the redox center'’^. The redox potential 
of the heme has been shown to vary over a large range 
from a positive value (e.g. + 740 mV in the ferryl com¬ 
plex in cytochrome c peroxidase^, + 260 mV in cyto¬ 
chrome c'’) to a negative value (e.g. - 450 mV in naked 
heme in aqueous solution^). The variation of axial ligation 
to iron in the heme has been shown to account for a 
part of the differences in redox potentials*'. However, 
the large difference in redox potentials of the heme site 
with the same coordination geometry (e.g. -270 mV in 
horseradish peroxidase’ ** and +50 mV in myoglobin* ^ 
both having the same ferric protoheme complex with 
axial histidine and water ligands) cannot be explained 
by consideration of only ligand-induced effects on redox 
potential. The importance of hydrophobicity of the protein 
environment on the redox potential of heme in heme- 
proteins was proposed by Brunori and coworkers"’, how¬ 
ever, any experiment demonstrating the role of the 
protein environment in modulating the redox potential 
has not been reported so far. 

Direct electrochemical investigations on heme unde- 
capeptide (microperoxidase) obtained by hydrolysis of 
horse heart cytochrome c have earlier been reported by 
Santucci et a;."’ in aqueous buffer. Microperoxidase is 
an iron complex of porphyrin c covalently linked by 
thioether bridges to two cysteine residues (Cys 14 and 
Cys 17 of native horse heart cytochrome c) in an 
undecapeptide". The effect of hydrophobicity on the 
redox potential of heme in cytochrome c can thus be 
conveniently studied using microperoxidase. Aqueous 
detergent micelles have been shown to encapsulate the 
heme and have earlier been used to study the effect of 
hydrophobicity on the stability and electronic properties 
of the heme complex'’•'^ We have carried out direct 
cyclic voltammetric studies on microperoxidase in 
absence and in presence of different surfactant solutions 
and report our results here. The effect of hydrophobicity 
on the redox potential of the heme complex has been 
demonstrated for the first time using microperoxidase 
complexes in various surfactant solutions with different 
charge and chain lengths. The effect of axial ligation 
on the redox potentials of monomeric micelle encapsu¬ 
lated heme peptide has also been reported. 

Microperoxidase was obtained from Sigma, USA and 
was purified by passing through Sephadex GIO column 
in 0.05 M sodium phosphate buffer, pH 7.4. Direct 
electrochemical studies on microperoxidase was carried 
out at room temperature (298 K) in a small three- 
electrodes cell with a platinum grid as counter electrode, 
a saturated calomel electrode as the reference and glassy 
carbon disk as the working electrode. The supporting 
electrolyte used for most of the experiments was 20 mM 
MgSO^. Electrochemical studies were carried out using 
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an EG & G PAR Potentiostat Galvanostat (model M273A) 
interfaced with an IBM PC. The potential values were 
reported with respect to the normal hydrogen electrode 
(NHE). The surfactants used were cetyl trimethyl 
ammonium bromide (CTAB), dodecyl trimethyl ammo¬ 
nium bromide (DTAB), sodium dodecyl sulphate (SDS), 
sodium cholate, sodium deoxy cholate, Triton X-100, 
Tween 80 obtained from Sigma and were used without 
further purification. 

Well defined electrochemistry of microperoxidase 
(~ 0.2 mM) was obtained in aqueous buffer and in 
surfactant solutions. Quasi-reversible voltammetric waves 
(A£ = 60mV) were obtained with 1.05, and peak 

width ~ 125 mV (see Figure 1 a,b). The E^|^ value of 
microperoxidase in aqueous buffer solution was found 
to be -164 (±10) mV corresponding to the 
redox couple, which is in good agreement with the 
previous report"’. The peak current was found to be 
proportional to the square root of the scan rate (up to 
200 mV/sec), indicating the diffusion-controlled nature 
of the electron transfer between the electrode and micro- 
peroxidase’"'. 

Cyclic voltammetry of microperoxidase was carried 
out in presence of different concentrations of the sur¬ 
factants. Direct cyclic voltammetry of microperoxidase 
was also carried out in presence of cyanide and imidazole 
both in presence and in absence of surfactants. The 
value of microperoxidase was found to shift towards 
positive value on increasing surfactant concentration. 
Further, the magnitude of this shift was found to depend 
on the hydrophobicity of the micelles formed by the 
surfactants. Figure 1 a shows typical dc voltammograms 
of microperoxidase in different concentrations of DTAB. 
The peak current was found to decrease at very large 
(>: 20 mM DTAB) surfactant concentration possibly 
because of association of the peptide with the micelles 
leading to decrease in diffusion rate. The E^^ value was 
found to increase with increasing concentration of sur¬ 
factant until it reached a maximum value at a certain 
high surfactant concentration close to the critical micellar 
concentration (CMC) of the micelle'^ A similar trend 
was observed for all surfactants studied in the present 
report, but the extent of the maximum positive shift at 
the saturation point was different for different surfactants. 
Figure 1 b shows typical cyclic voltammograms of 
microperoxidase obtained at high concentrations of CTAB 
and DTAB (the cyclic voltammogram of the peptide in 
aqueous buffer is plotted for comparison). Figure 2 
shows a plot of the observed Ey^ against surfactant 
concentration, which shows an increase in the £,^2 value 
of microperoxidase with increasing surfactant concentra¬ 
tion. The magnitude of the positive shift of the Ey^ 
value increases in the following order: deoxy- 
cholate < cholate < SDS < DTAB < CTAB. The hydro¬ 
phobicity of the surfactant has been shown to depend 

CURRENT SCIENCE, VOL. 73, NO. 1, 10 JULY 1997 


RESEARCH COMMUNICATIONS 


on the chain length, surface charge and CMC of the 
surfactant micellesThe hydrophobicity of the surfactant 
increases approximately in the same order'^ (i.e. deoxy- 
cholate < cholate < SDS < DTAB < CTAB) as the positive 
shift of of microperoxidase observed in the present 
study. This indicates that the difference in hydrophobicity 
exerted by the surfactants possibly gives rise to the 
different positive shifts of the value of micro¬ 
peroxidase. 

Cyclic voltammetric experiment was performed on 
microperoxidase in presence of cyanide and imidazole 
as axial ligands at different concentrations of surfactants. 
^ 1/2 values of microperoxidase-imidazole and micro¬ 
peroxidase-cyanide complexes were found to be - 205 mV 



Figure la. Typical dc cyclic voltammetry of micro peroxidase 
(0.2 mM) in presence of different amounts of surfactants in 20 mM 
MgS 04 phosphate buffer (0.5 M) pH 7.4. In buffer solution 

(-); in presence of 0.6% DTAB (- ); and in presence of 1.8% 

DTAB (-). 



E (v) vs NHE 


Figure lb. DC cyclic voltammetry of microperoxidase (0.2 mM) in 

absence of surfactant (as in 1 a) (-); in presence of 1.5% DTAB 

(-); and in presence of 0.2% CTAB (-). Scan rate 20 mV/sec. 


and - 190 mV respectively which matched with previous 
reports^’The Ey^ values in both these complexes were 
found to increase with increase in surfactant concentration 
showing similar trend as that in microperoxidase. 

Table 1 gives the shifts in Ey^ of microperoxidase 
due to association with micelles and/or axial ligation 
by cyanide and imidazole. Table 1 shows that the 
hydrophobicity of the DTAB micelles causes a positive 
shift of ~ + 60mV in the Ey^ of microperoxidase in 
presence of any axial ligand. Microperoxidase exists as 
dimer with a A-terminal valine residue (Val 11) or 
lysine residue (Lys 13) of one molecule coordinated to 
the iron of the other^^ and micelle encapsulation of the 
peptide involves breaking of the axial amino acid-Fe 
bond and subsequent ligation of -OH at ambient pH. 
The contribution of various axial ligands towards the 
value was calculated by simple difference between 
two pairs of potentials as shown in Table 1. The relative 
contributions of different axial ligands (with respect to 
-OH) to the value of microperoxidase estimated by 
this empirical method follows the order: H 2 O 
(+ 50 mV) > OH (0) > Val/Lys (- 44 mV) > CN (- 70 mV) 
> imidazole (—100 mV). The contribution of hydro¬ 
phobicity of CTAB (100 mV), DTAB (60), cholate 
(15 mV) and deoxycholate (~ - 6 mV) was also estimated 
by this method. 

The results demonstrate that increase in hydrophobicity 
of the medium can cause a large positive shift (up to 
+ 100 mV in CTAB) of the redox potential of the heme. 
A smooth increase in Ey^ of microperoxidase with 
increase in surfactant concentration indicates that the 
aggregation of the surfactant with the peptide takes place 
by association of increasing number of surfactants with 
a peptide molecule until micelle is formed. The exact 
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Figure 2. Plot of observed Ey 2 (vs NHE) of microperoxidase against 
surfactant concentrations. (-•-•-•-) in CTAB; (4IMII-D-) in DTAB; 
(~V-V~V-) in deoxycholate and (-A-A--A-) in cholate solutions 
(experimental conditions same as in Figure 1). 
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Table 1. Change in the of various complexes of microperoxidase in aqueous and surfactant solutions 


Ligand 


Medium 


£i„mV 


Effects* 


£2 

£4 

£5 


Val/Lys 

Aq. buffer pH 7.4 

-164 

OH 

DTAB solution 

-60 

CN 

Aq. buffer pH 7.4 

-190 

CN 

DTAB solution 

-130 

Imidazole 

Aq. buffer pH 7.4 

-205 

Imidazole 

DTAB solution 

-150 

HjO 

Aq. buffer pH 3.5** 

-70 

H ,0 

DTAB solution 

0 


- 

0 

Val/Lys^ 


+ 104 

Hyd + OH - Val/Lys 


-26 

CN-Val/Lys 

£ 4-£3 

+60 

Hyd 

£,-£, 

-45 

Imidazole-Val/Lys 

^6 - E, 

+55 

Hyd 

£,-£, 

+94 

H^O-Val/Lys 

£„-£, 

+70 

Hyd 


Hyd; Hydrophobicity; 

*Effect of ligation/hydrophobicity; 

**pH = 3.5 in acetate buffer; Microperoxidase exists as dimer with a N-terminal valine residue of one molecule 
coordinated to the iron of the other; 

^The dimeric form of microperoxidase has been shown to contain axial ligand either Val 11 or Lys 13 apart from 
the His at ambient pH in aqueous solution. 



Figure 3. Possible structure of microperoxidase bound to micelles. 
The ionic groups of the peptide would possibly reside neai* the surface 
of the micelle while the highly aromatic heme ring would preferentially 
occupy the hydrophobic region of the micelle. 

Structure of the micelle-bound peptide is not known, 
however earlier studies^^ showed that simple hemes 
preferentially reside in the hydrophobic region near the 
interface of the micelle. Figure 3 shows a possible 
structure of the peptide-micelle aggregate. The micellar 
environment mimics the hydrophobicity of the protein 
cavity'^. Thus the present study indicates that the redox 
potential of hemeproteins is influenced not only by the 
axial ligation by different amino acid residues but also 
by the protein environment surrounding the heme site 
and the magnitude of the shift caused by the protein 
environment can be equally important as the axial co¬ 
ordination to the heme in determining its biochemical 
redox behaviour, which agrees with the earlier proposition 
of Santucci et 


1 . Armstrong, F. A., Hill, H. A. O. and Walton, N. J., Q. Rev. 
Biophys., 1986, 18 , 261. 

2. Armstrong, F. A., Structure and Bondirtf^, Springer, Berlin, 1990, 
vol. 72, p. 137. 

3. Mondal, M. S., Fuller, H. A. and Armstrong, F. A., J. Am. Chem. 
Sac., 1996, 118 , 263, 

4. Liang-Hong Guo and Hill, H. A. O., Adv. Inorg. Chem., 1991, 
36, 341. 

5. Davis, D. G., in The Porphyrins, Academic Press, New York, 
1978, vol. 5(c). p. 127. 

6 . Raphael, A. L. and Gray, H. B., J. Am. Chem. Sac., 1991, 113, 
1038. 

7. Harbury, H. A., J. Biol. Chem., 1959, 225, 1009. 

8 . Marques, H. M., Inorg. Chem., 1990, 29, 1597. 

9. Moore, G. R. and Williams, R. J. P., Coor. Chem. Rev., 1976, 
18, 125. 

10. Santucci, R., Reinhard, H. and Brunori, M,, J. Am. Chem. Sac., 
1988, 110 , 8536; Razumas, V., Kazlauskaite, J., Ruzgas, T. and 
Kulys, J., Bioelectrochem. Bioenerg., 1992, 28, 159. 

11. Harbury, H. A. and Loach, P. A., ./. Biol. Chem., 1960, 235, 
3640. 

12. Mazumdar, S., Medhi, O. K. and Mitra, S., Inorg. Chem., 1991, 
30, 700. 

13. Medhi, 0. I., Mazumdar, S. and Mitra, S., Inorg. Chem., 1989, 
28 , 3243. 

14. Greef, R., Peat, R., Peter, L. M., Pletcher, D. and Robinson, J„ 
in Instrumental Methods in Electrochemistry, Ellis Horwood, Lon¬ 
don, 1990, p. 178. 

15. Lindman, B. and Wennerstrbm, H., in Topics in Current Chemistry, 
1980, 1. 

ACKNOWLEDGEMENTS. We thank Prof. Samaresh Mitra, TIFR, 

for advice, S. Mazumdar thanks Prof. H. A. O. Hill, University of 

Oxford, for help and useful discussions. 


Received 22 April 1997; revised accepted 6 June 1997 


68 


CURRENT SCIENCE, VOL. 73, NO. 1, 10 JULY 1997 


RESEARCH COMMUNICATIONS 


Influence of flow on ordering 
characteristics of a bacterial biofilm 

T. S. Rao, R. Kesavamoorthy*, C. Babu Rao** and 
K, V, K. Nair 

Water and Steam Chennistry Laboratory, ^Materials Science Division, 
**Division of PIE & NDT, Indira Gandhi Centre for Atomic Research, 
Kalpakkam 603 102, India 

Freshwater Pseudomonas biofilms were grown on 
glass plates in a biofilm reactor under various flow 
rates. Distribution of bacterial orientation angle and 
interbacterial separation distance were presented. The 
alignment characteristics of bacteria in the micro¬ 
colony grown in static water extended over a few 
cells only. When the flow rate was increased gradually, 
the local orientational order developed into a general 
order. However, at the edges of the microcolony, only 
local order existed. On further increasing the flow 
rate, general order got disrupted and showed per¬ 
sistent local alignment of cells. The general order is 
understood to be induced by the shear caused by 
the flow. At all flow rates studied, the microcolony 
exhibited unique interbacterial separation distance 
distribution. This interbacterial separation distance 
was too large to be explained by the DLVO potential. 
The non-applicability of this potential to bacteria 
might be due to the specific forces arising from the 
exopolymeric structures secreted by the Pseudomonas 
bacterium. 

Viruses show orientational and spatial order in suspen- 
sions^”^ Like viruses, colloidal particles of many organic 
polymers and some inorganic salts too exhibit crystalline, 
glass-like, liquid-like and gas-like order in their suspen¬ 
sions, depending on the purity of the suspension, tem¬ 
perature, dielectric constant and the particle charge"^"^. 

Colloidal particles and viruses exhibit order due to 
the forces between interacting bodies given by the DLVO 
(named after Derjaguin, Landau, Verwey and Overbeek) 
potential^’®. Although, the DLVO theory was originally 
derived to describe the stability of lyophobic colloids, 
it has been applied to deposition studies by Marshall 
et al}^\ who established parallelism between the two 
types of phenomena. 

In general, bacteria are known to have negative surface 
charge^ ^ It is reported^^’*^ that Pseudomonas sp. are 
known to form a 2-dimensional microcolony on a glass 
plate in the initial phases of attachment. Fletcher^ has 
reported that in the case of freshwater Pseudomonas 
bacteria, the adhesion to the glass substratum increases 
with electrolyte addition to the medium; but in the case 
of marine strains this did not result in any increased 
adhesion. On the basis of this observation, she concluded 
that DLVO potential could explain the effect of elec¬ 
trolyte addition in the case of freshwater bacteria, but 
not in the case of marine strains. Marshall and Cruik- 
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shank^"^ have suggested that the effect of monovalent 
and divalent electrolytes on the reversible sorption of 
marine bacteria could be explained by DLVO potential. 
Uyen et al}^ have compared the adhesion of Strepto- 
coccus mitis and polystyrene colloidal particles to solid 
substrata at various ionic strengths. Based on their 
observations, Uyen et al suggested that DLVO potential 
is applicable to polystyrene; but it cannot be applied 
to bacteria, since specific forces due to the polymeric 
structures extending from the bacterial cell wall would 
be responsible for the greater adherence. Korber et alP 
have reported that interbacterial separation distance in 
the Pseudomonas microcolony is more than 0.7 |LLm. He 
has not discussed whether DLVO potential is fully 
responsible for this separation distance. Thus, conflicting 
reports are found in the literature regarding the suitability 
of DLVO potential to explain the phenomena of ordering 
in a bacterial colony. However, this potential has been 
widely accepted for viruses and colloidal particles. 

Caldwell and Lawrence^^*^^ have studied the growth 
kinetics of bacterial microcolonies attached to the wall 
of a continuous flow slide culture, by using computer- 
enhanced microscopy. They have observed a considerable 
amount of orientation of the long axis of the bacteria 
in the laminar flow direction. In their investigation, on 
the effect of flow rate on biofilm formation, Santos et 
al}^ have conjectured that Pseudomonas would align in 
the direction of flow, since this would offer least re¬ 
sistance. 

In the present work, we investigated whether DLVO 
potential is applicable for microcolony (biofilm) forma¬ 
tion of a Pseudomonas bacterium. We also studied the 
characteristics of the micfocolonies formed under dif¬ 
ferent shear flow rates. 

The Pseudomonas bacteria were grown in a perspex 
biofilm reactor (60 X 25 ^ 11 cm) as described by 
Pedersen^^ (Figure 1) but with some modifications. Fresh¬ 
water from a pond (Table 1) was passed through the 
biofilm reactor at various flow rates, viz. 0 (static 
condition), 7.4, 15 and lOOml/min. The flow rates were 


BIOFILM REACTOR 



Figure 1. Schematic representation of biofilm reactor. 
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measured by collecting the water from the outlet per 
unit time. The glass slides used for the study were 
cleaned in chromic acid and rinsed with microfiltered 
(0.45 |uim) double distilled water. Before immersion into 
the biofilm reactor, the slides were further wiped with 
acetone. They were suspended in the biofilm reactor in 
such a way that a flow is maintained along the vertical 
length of the slides as shown in Figure 1. 

The flow was found to be laminar for flow rate of 
7.4ral/min, and was turbulent for higher flow rates (100 
ml/min). After 48 h of exposure, the glass slides were 
gram-stained and observed under a microscope (Nikon 
Optiphot) using lOOX oil immersion objective. Pseudo¬ 
monas bacteria grown on selective agar medium (King’s 
medium) were also smeared on glass slides (in a single 
stroke of the inoculation loop) and observed as described 
above. 

The photomicrographs of different regions of the bac¬ 
terial microcolony were imaged and stored in an image 
processor using video camera (Andrex, Denmark). The 
images were enhanced by contrast stretching. The co¬ 
ordinate ends of each bacteria were read from the image. 


Table 1. Water quality of the pond water 


Temperature 

30.5°C 

pH 

8.24 

Conductivity 

325.0 ^S/cm 

Total suspended matter 

2.6 mg/1 

Phenolpthalein alkalinity 

12.6 mg/1 

Total alkalinity 

108.0 mg/1 

Hardness 

78.0 mg/1 as CaC 03 

Dissolved oxygen 

5.6 mg/1 

Chloride 

42.0 mg/1 

Sulphate 

5.6 mg/1 

Phosphate 

O.l mg/l 

Nitrate 

0.2 mg/l 

Silicate (as SiOj) 

5,0 mg/l 

Sodium 

19.0 mg/l 

Potassium 

2.0 mg/l 

Iron (as ferrous) 

0.1 mg/l 



Figure 2. Schematic representation of Pseudomonas bacteria with 
their orientational angle {$) and interbacteria transverse separation 
distance {d). 
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The X-axis of the image frame was aligned perpendicular 
to the flow direction. The orientation angle distribution 
n(0) of the bacteria was obtained by counting the number 
of bacteria having orientational angle between 0 and 
9 + 5, with respect to X-axis. The interbacterial separation 
distance distribution m{d) was obtained by counting the 
number of pairs of bacteria having a separation distance 
of d and 0.02 p.m. The 0 and d were obtained as 
shown in Figure 2. About 1000 bacteria in each micro¬ 
colony were considered to obtain the distribution. Bac¬ 
terial size measurements were made using a particle 
size analyser (Malvern Zetasizer-3 with a multi-8 com¬ 
puting corrrelator type). 

We have quantitatively analysed the 2-dimensional 
spatial arrangement of Pseudomonas bacteria biofilm. 
The bacterial biofilm covered the surface of the glass 
slide almost uniformly. However, at a few places on 
the slide, there were no bacteria over a surface area of 
about 2-5 mm^. The regions around such void areas are 



Figure 3 a. Photomicrograph of Pseudomonas colony grown in static 
(zeroflow) conditions, gram stained and observed using a 100 x oil 
immersion objective. 



Figure 3 b. The orientation angle distribution n(9) obtained using an 
image analyser. 
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referred to as edges of the microcolony, while those 
which are quite away from the voids are considered as 
the centre of the microcolony. From the microscopic 
observations of the microcolonies, it was estimated that 
the size of the bacteria varied from 1.3 to 1.7 |Lim in 
length and 0.5 to 0,8 pm in diameter. The variation in 
the size was due to their being in various phases of 
cell division process. The average radius of the bacteria 
obtained from the particle size analyser is about 0.5 pm. 
Figure 3 a shows the Pseudomonas microcolony grown 



Figure 4fl. Photomicrogiaph of ordered Pseudomonas colony grown 
in laminar flow conditions. 



Figure 4 b. Orientation angle distribution n(0) obtained for the centre 
of the colony at the flow rate of 7.4ml/min (laminar flow). 


in static water. It can be noted that the bacteria are 
aligned in small batches. The orientational order extends 
over a few cells only (local order). Figure 3 b gives 
the orientation angle distribution, n{0) of these colonies. 
Each peak in Figure 3 b represents a small batch of 
aligned bacteria. The presence of many peaks indicates 
that there are many microcoionies aligned in a particular 
direction. 

Lawrence et al}'^ reported the mechanisms involved 
in bacterial adhesion and multiplication. Pseudomonas 
bacteria swim actively within the hydrodynamic boundary 
layers (up to about 0.2 pm distance from the surface) 
with the same speed upstream and downstream. They 
approach the surface and make contact at an angle of 
about 40 to 45°. Once adhered, they rotate about the 
contact point and move across the surface. They can 
detach from the surface to emigrate or to reattach at a 
nearby place. This is called the reversible adhesion 
phase. When the rotation of the bacteria about the point 
of contact slows down, the bacteria attaches to the 
surface irreversibly at a given orientation. In static 
condition, all orientations are equally probable. In the 
process of cell division, the daughter cells of about 3 
to 4 generations were found to be aligned as a batch 
and form local order^‘\ Many such batches orienting at 
different angles were present in the microcolony. 

Figure 4 a shows the centre of a microcolony grown 
at a flow rate of 7.4 ml/min. The bacteria clearly exhibit 
general order by aligning themselves along the direction 
of flow. The n{d) of this microcolony is shown in 
Figure Ab. It shows a well-defined peak, indicating 
general order. The peak angle of 90° corresponds to 
the flow direction near the glass slide. At this flow rate 
(7.4 ml/min), each bacterium was apparently forced to 
align parallely by the shear of the flow. This is in 
agreement with earlier observations*^’*^’’^ that the bacteria 
orient/align along the direction of laminar flow. In order 
to support this conjecture, we have cultured Pseudomonas 
and smeared the microcolony on the surface of the slide 
in a single sweep (Figure 5). Long axes of the bacteria 
are aligned along the smear direction, suggesting that 
the shear on the bacteria causes it to align. It is 
interesting to note that alignment occurs even in such 
uncontrolled conditions (smearing by hand) of applying 
the shear stress. 

Though general order existed at the centre of the 
microcolony (Figure 4 a), it is not pronounced at the 
edges (Figure 6 a). Figure 6 b shows the corresponding 
n{0) of the edge of the microcolony, wherein the peak 
around 90° is broadened and many small peaks have 
appeared. This can be explained taking the phase of 
bacterial adhesion into consideration. The bacteria at the 
centre of the microcolony are irreversibly attached. When 
they divide, one of the daughter bacteria emigrates and 
settles at the edge of the microcolony thus, promoting 
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the growth of the microcolony. Delaquis et also 
have proposed a detachment phase in the development 
of a bacterial microcolony. The migrated bacteria would 
be in the reversible phase of adhesion. In this phase, 
the bacteria make contact with the surface temporarily, 
rotating about the point of contact^^ When the glass 
slide is removed from the biofilm reactor, the bacteria 
which are irreversibly attached to the substratum (at the 
centre of the microcolony) retain their orientational order 
induced by the flow. However, those which are still in 
the reversible phase of adhesion (at the edge of the 
microcolony) may get disoriented. This explains the 
broadening of the peak n{6) observed at the edge ot 
the microcolony (Figure 6 b). However, the local orien¬ 
tational order, extending over a few cells, would appear 
because of which many small peaks are seen in Figure 

6 b, 

On further increasing the flow rate (turbulent flow), 
the general order was reduced to local order. Figure 

7 a and 7 b show the microcoldny of Pseudomonas 
bacteria at turbulent flow and the corresponding n{0) 
respectively. Under turbulent flow conditions the shear 
force is not unidirectional. Hence, the bacteria orient in 
various possible directions, thus giving rise to local 
order. 

Figure 8 shows the distribution, m(d), of the inter- 
bacterial transverse separation distance, d, obtained from 
Figure 4 a by averaging over about 500 bacteria pairs. 
The average separation is ~ 0.9 |Lim, the cross sectional 
diameter of the bacteria is - 0.6 |im and the average 
surface to surface distance between the bacteria is 
~ 0.3 p.m. This value matches with the separation dis- 



Figure 5. Photomicrograph of ordered Pseudomonas bacteria cultured 
in selective agar medium and streaked using an inoculation loop on 
to a glass slide. 
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tance reported by Lawrence et The closest surface 
to surface separation distance, measured from Figure 
4 a, was found to be ~ 0.2 p.m. FWHM of the distribution 
is 0.06 pm. The separation distance distribution 
obtained at all flow rates was found to be similar. 

DLVO potential has been invoked partly to understand 
the adhesion behaviour of bacteria on to substrates^’^"^’^^. 
Moreover, DLVO potential has been widely used to 
explain the order-disorder phenomena in many colloidal, 
including viral suspensions^’^’'^’^’‘^’‘'^’^^ This potential has 
also been claimed to explain the effect of salt concen¬ 
tration on bacterial adhesion^’*^^’'"^. This potential has not 
been applied to understand the interbacterial interaction. 



Figure 6 a. Photomicrograph of the edge of the Pseudomonas colony 
obtained for laminar flow rate. 
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Here we have examined the applicability of DLVO 
potential to understand the closest approach distance 
exhibited by Pseudomonas bacteria. Suppose DLVO 
potential is the dominant one in determining the positional 
order as shown in Figure 8, there will be a potential 
well and a barrier between two bacteria as the inter¬ 
bacteria separation decreases continuously. The bacteria 
would be trapped in the potential well. The thermal 
energy of the bacteria is responsible for the closest 
approach between them. At the closest approach distance, 
the increase in the DLVO potential energy from the 
well minimum should be of the order of K^T, the thermal 
energy (4x lO’^'^ergs). Here K is the Boltzmann constant 
and T is the temperature. This closest approach distance 
measured from Figure 8 was 0.2|a.m. 



Figure 7 a, Photomicrogi'aph of Pseudomonas colony obtained for 
turbulent flow conditions. 



Figure 7 b. Orientation angle of n(d) obtained for Pseudomonas colony 
for turbulent flow conditions. 


The DLVO potential between two bacteria is given 
by 

U^=U^ + U^ (1) 

where 

a/2)ln[l + (2) 

is the electrostatic repulsion between two bacteria of 
surface to surface separation distance //, effective radius 
a, bacteria surface potential in a medium with a 
dielectric constant e and inverse Debye screening length 
K, given by 

( 3 ) 

where q is the electronic charge, n is the number 
concentration of the ionic impurity in the medium. 
is the London-van der Waals attractive part given by; 

A/6)[2a^/{{H + 2af - + 2a^/{H + 2af 

+ In {{{H 4- 2af - Aa^)/{H ^2af)], (4) 

where A is the Hamaker constant. The. effective radius 
of the bacteria is obtained from its volume as 0.5 |Lim. 
K is calculated as 1.67 x 10^cm“^ from the conductivity 
of the freshwater used to grow the bacteria assuming 
that the conductivity is due to NaCl type salt (Table 
1). For U^^ = -25 mV, (equivalent to 17 million electronic 
charges on a bacteria)'”^ and A = 5 x 10^'^ ergs (ref, 17), 
is obtained from eq. (1). At H = 0.2\xm, Uj is 
- 1.5 X 10”*^ ergs, which is higher than the potential well 
minimum value by 3.5 x 10“^^ ergs. This increase in 
potential energy amounts to only 9% of the thermal 
energy. Hence, thermal energy (4x lO'^'^ergs) can push 
the bacteria closer than //= 0.2 |J.m. Thus DLVO potential 
is not strong enough to keep the bacteria at the closest 
approach of 0.2 \im. Only when H = 0.03 pm, the increase 
in potential energy above the well minimum equals the 
thermal energy. This amounts to two bacteria almost 
touching at the magnification (1000 x) employed here. 
But, no bacteria was found to be present at such a low 
separation distance in the present study as well as in 
the photomicrographs presented by Caldwell and 
LawrenceHence DLVO potential is not dominant 
in interbacteria interaction. According to Tardos^^, for 
a surface potential of -25 mV only probes (such as 
extracellular polymers) with a radii of less than 2 nm 
can make contact. Once these filaments are deposited 
in the primary minimum they become firmly bound as 
a result of the high attractive energies at this point. 
Consequently, some other mechanism is necessary to 
account for firm adhesion to a surface. Thus specific 
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Figure 8. Interbacterial transverse separation distance distribution 
m{tl) in an ordered Pseudomonas colony as shown in Figure 4 a. 


forces due to some extracellular structures like pili or 
exopolymers extending from the bacteria into the sus¬ 
pension (around 0,1 fim distaince) might be responsible 
as suggested by Uyen et aL^^. Gregory^^ reported that 
in aqueous systems, various kinds of hydration effects 
are encountered, especially at very close approach of 
particles. Similarly, the presence of adsorbed polymers 
on the particle (bacteria) surface will give rise to either 
a repulsion (steric interaction) or an attraction (polymer 
bridging). If bacteria do not secrete charged polymers 
out of their cell-wall, the DLVO electrostatic repulsion 
between two bacteria would have decided the interbac¬ 
terial separation distance. The charged rod-shaped bac¬ 
teria locally orders in the microcolony parallel to each 
other since this configuration would minimize the elec¬ 
trostatic repulsion between them. Moreover, the flagellar 
motion of the bacteria would be along the long axis of 
bacteria but not perpendicular to it^^\ Hence, one expects 
that the transverse interbacteria separation distance would 
be derived from DLVO theory, since the flagellar motive 
force does not effect this separation distance. However, 
we demonstrated that the transverse interbacteria sepa¬ 
ration distance is different from that expected from 
OLVO theory. Thus, the excreted polymers play an 
important role and DLVO theory could not be applied 
in such cases. 
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In the present study, a CDRI candidate antifilarial 
agent compd 82/437 was evaluated for macrofilaricidal 
activity by ultrasonography (USG), a direct, safe and 
non-invasive sequential monitoring system using 
experimental filarial infection. Acanthocheilonetna 
viteae adult filarial parasites were detected using USG 
in rodent host {Mastomys natalensis). The motility of 
adult filariids was monitored by observing peculiar 
echo-patterns or filaria dance sign. CDRI candidate 
drug 82/437 was administered in A, v//eae-infected 
mastomys. Drug action was monitored in situ at 
weekly intervals till day 42 post-treatment with USG. 
After treatment, parasites appeared sluggish on day 
28 and on day 35, no mobile echo-pattern was 
observed suggesting drug action. Findings were con¬ 
firmed by recovering the dead parasites from treated 
animals. 

Ultrasonography (USG) in medicine has become a vital 
tool for diagnostic and therapeutic purposes in parasitic 
diseasesRecently, use of USG to reveal the presence 
and location of live adult filariae in lymphatic tissue^ 
has opened up a new horizon in the study of the 
vector-borne parasitic disease, filariasis. Till recently, 
ultrasound had been used in the context of parasitic 
diseases, to visualize liver damage from schistosomi¬ 
asis'^"'^, to locate deep nodules in onchocerciasis^^^”'^ and 
to detect migratory Ascaris worms'^"'^ 

Recently, WHO'^’ has recommended the use of this 
technique, to check the motility of worms and also 
recommended its use in assessing the efficacy of anti¬ 
filarial agents before treatment and to see if they die 
after treatment. Nevertheless, there is an urgent need to 
know the minimum dose for effective cure by candidate 
drugs in drug development programmes. By USG, visu¬ 
alizing of parasites and evaluation of drug efficacy are 
more convenient and there is no harm towards animals 
involved. The present study was carried out to evaluate 
the potential of USG to localize and image the adult 
parasites of Acanthocheilonema viteae dwelling in the 
subcutaneous tissues in the experimental host M. natalen- 
sis. USG was also used to detect the chemotherapeutic 
efficacy of the antifilarial agent, CDRI compd 82/437 
(a macrofilaricidal agent)‘^-'^ in experimental filariasis. 
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The studies carried out were the induction of experi¬ 
mental filarial infection in the rodent host M. natalensis. 
Mastomys were infected by injecting subcutaneously 50 
infective larvae [L 3 ] of A. viteae obtained from the 
infected vector Ornithodorus moubata^^'^^\ Animals at 
75 days (post L 3 inoculation) showing progressive rise 
in microfilariae were selected for the present study. 

CDRI compd 82/437, a potent macrofilaricidal agent^^’*^ 
was used in the present study. The ED/lOO was used 
as the effective dose in A. v/^eae/mastomys model. Group 
I consisted of 6 uninfected healthy animals. Group II 
(12 infected animals) received only the vehicle, which 
served as control. Group III containing 24 infected 
animals in two batches was treated with CDRI compd 
82/437 at a dose of 50 mg/kg i.p. for 5 days. The drug 
was prepared in distilled water in the presence of 1 % 
Tween 80. 

Animals of batch 1 (group III) were sequentially 
examined at weekly intervals, i.e. from day 8 to day 
42 of treatment while animals of batch 2 (group III) 
were sacrificed at weekly intervals (two animals each 
on days 8 , 14, 21, 28, 35 and 42 of treatment) to assess 
the condition of worms. The whole set of experiments 
was repeated thrice. 

The microfilaraemia of treated and control animals 
was assessed by taking five cubic millimeter of tail 
blood from each animal before starting the treatment 
and thereafter at weekly intervals up to the completion 
of the observation period, i.e. day 42. The intensity of 
microfilaricidal action in any individual animal was 
expressed as a per cent change in population of micro¬ 
filariae over pretreatment levels. To assess macrofilaii- 
cidal action, animals were sacrificed under deep 
anaesthesia and motility of the parasites was examined 
in normal saline^^’^l 

Real time ultrasonography was performed using a 
10 MHz transducer (Ultramark 4, ATL, USA). Imaging 
was recorded on a video recorder and videographic 
printer (UP870 MD). 

USG was initially performed on adult A. viteae para¬ 
sites, by keeping them inside a dialysis bag containing 
nutrient medium HESS with the aim to monitor the 
nature of movements and echogenicity of the adult 
parasites. USG studies were later performed in normal, 
infected and infected-treated hosts. Animals were anaes¬ 
thetized by injecting thiopentone intraperitoneally 
(Intraval sodium, May and Baker Pharmaceuticals, UK) 
at a dose of 50 mg/kg prior to USG examination. The 
region of interest, i.e, cervical region (due to availability 
of maximum parasites) was selected for monitoring the 
nests of adult parasites. 

Ex vivo examination of adult A. viteae parasites showed 
filaria dance sign (FDS)/mobile echo-patterns due to 
motility of the parasites (Figure 1). In vivo examination 
of infected hosts demonstrated the hyperechoic dermis, 
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hypoechoic hypodermis and hypo and hyperechoic sub¬ 
cutaneous tissue layers (Figure 2). The dermal layer 
typically measured 2-3 mm thick. The thickness of the 
hypodermis varied considerably depending on the region 
of the body. The subcutaneous fat in the hypodermis 
appeared less echogenic as the ratio of fat to lean body 
mass increased. Fibrous septa within thin layers was 
hyperreflective relative to the fat lobules. As they became 
more widely separated by larger fat lobules, echogenecity 
of the fat decreased^^ (Figure 2). The connective tissue 
network anchored the skin to the underlying fascia while 
allowing a moderate-free motion between the layers. A 
regular cardiac pulse was observed which was very 



Figure 1. Ultrasound images of the adult parasites inside dialysis 
bag showing motile linear central hypoechoic structure with hyperechoic 
edges (arrows). 



Figure 2. Ultrasound images from the cervical region of the normal 
mastomys showing hyperechoic dermis (D), hypoechoic hypodermis 
(H) and hypo and hyperechoic subcutaneous tissues (S). 


intense when the transducer was kept on the region 
close to the heart. 

The USG examination of A. viteaeAnfcct^d hosts 
showed prominent peculiar mobile echo-patterns or FDS 
(arrows) below the dermal layer and also embedded in 
the subcutaneous tissues (Figure 3). The parasites meas¬ 
ured (width) less than 1 mm (as accurate measurement 
below 1 mm was beyond the capability of the system). 
The actual length of these parasites was 2-3 cm (males) 
and 5-6 cm (females) and width 0.1-0.3 mm. Parasites 
appeared as linear hypoechoic structures with hyperechoic 
edges. No such peculiar echogenic, mobile points were 
observed in the normal host during real time studies 



Figure 3. Ultrasound images from the cervical region of A. viteae 
infected mastomys showing dermis, hypodermis and subcutaneous tis¬ 
sues, adult parasites appear as mobile echogenic points below the 
dermal layer and also embedded in the subcutaneous tissues (arrow 
heads). 



Figure 4. Ultrasound images from the cervical region of treated, 
infected mastomys post 28 days of drug therapy showing uncoiling 
of the parasites (arrow heads). 
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Table 1. Effect of compd 82/437 on microfilariae in mastomys infected with A. viteae 



Microfilariae count 
pretreatment 
(Mean±SD) 

Change (Mean±SD) in microfilarial 
level on days post-treatment 

Group of animals 

8 

21 

42 

Infected untreated 
(control) 

150 ±5.0 

165 ±2.5 

180 ±5.0 

225 ± 6.0 

Treated 

140 ±6.9 

208 ± 12.0 

66.0 ±9.5 

0 

Significance 


NS 

P <0.001 

P< 0.001 


Table 2. Effect of compd 82/437 on worm recovery in mastomys 
infected with A. viteae 



No. of live 

worm recovery 



(Mean ± SD) 


Day of sacrifice 

Untreated 

Treated 

Significance 

8 

19 + 5.1 

18 ±5.7 

NS 

14 

17 ±4.9 

16 ±4.3 

NS 

21 

17 ±5.5 

15 ±5.0 

NS 

28 

20 ± 1.57 

14 ±6.6 

NS 

35 

18 ±5.5 

0 

P< 0.001 

42 

16 ±4.1 

0 

P< 0.001 


Table 3. 

Comparative observations of A. viteae parasite motility 
by surgical and USG examination 



Motility 

UDservaiion periou 
(in days) 

USG examination Surgical examination 

0 


++ ++ 

8 


+++ +++ 

14 


++ ++ 

21 


+ + 

28 


+ + 

35 


_ _ 

42 


- 


+++, Hyperactive; ++, Active; +, Sluggish and uncoiled; No move¬ 
ment. 


(Figure 2). All 36 infected animals showed FDS due 
to the motility of the parasites. 

Infected animals (group III consisting of 2 batches) 
which on USG examination showed FDS, were treated 
with CDRI compd 82/437 (a macrofilaricidal agent) at 
a dose of 50 mg/kg i,p. for 5 days. The antifilarial 
profile of CDRI compd 82/437 is shown in Tables 1 
and 2. 

The USG examinations were carried out at weekly 
intervals (i.e. on days 8, 14, 21, 28, 35 and 42) post 
treatment in both the batches of group III. On days 8 
and 14, there was minor difference in the intensity of 
the FDS or echogenic patterns as observed in the cervical 
region of the infected-treated hosts. On day 8, the FDS 
showed highly motile adult parasites in comparison to 
day 14 as well as that of untreated-infected animals 


when examined by USG. On day 21, the FDS had 
slowed down and the body of the adult A. viteae parasites 
appeared uncoiled showing signs of drug effect. On day 
28, the movement of the parasites or the echogenic 
pattern was very sluggish and the body of the parasites 
remained uncoiled (Figure 4). On day 35, there was no 
movement or FDS of the parasites, thereby showing the 
macrofilaricidal action of compd 82/437. The region of 
interest, i.e. cervical region of infected, treated hosts 
showed consistent ultrasound images from one exami¬ 
nation to the next. The results were confirmed by 
sacrificing the animals of batch 2 (group III) at weekly 
intervals, i.e. on days 8, 14, 21, 28, 35 and 42 post 
treatment. No necropsy was carried out in animals of 
batch 1 (group III). Comparative observation of the 
condition of adult parasites was carried out by USG 
and surgical examinations (Table 3). 

In case of human lymphatic filariasis, the major lacuna 
lies in non-invasive evaluation of chemotherapeutic 
efficacy of macrofilaricidal drugs in situ. Recently, a 
remarkable advance has been made in localization of 
live adult worms of W. bancrofti in human hosts^’. Nests 
of highly motile adult worms in the scrotal lymphatics 
of infected microfilaraemic subjects have been clearly 
seen by USG^. 

Lymphatic abnormalities caused by filarial infection 
have also been investigated by two other noninvasive 
imaging techniques, lymphoscintigraphy and magnetic 
resonance imaging (MRI) in experimental and human 
filariasis with some success^'^"^^ However, MRI is dif¬ 
ficult to interpret alone and often requires, in addition 
to MRI, light scanning and video microscopy to identify 
live adult worms^’. 

The recent demonstration of dancing parasites of W. 
bancrofti by USG has opened up a new possibility in 
the study of filarial infection. It is worth mentioning 
that standardization and application of USG in assessing 
the motility of parasites before and after antifilarial 
therapy has been recommended by WHO*^. Due to the 
noninvasive nature of ultrasound, it has the potential to 
be a tool in which to follow parasitic activity following 
drug treatment. 

The main intention of the present study was to see 
non-invasively if the parasites die after treatment with 
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antifilarial agent, macrofilaricide, in experimental filari- 
asis. The subcutaneously dwelling adult parasites of A. 
viteae in rodent host M, natalensis were localized and 
imaging was done by ultrasonography. The effect of 
the drug, CDRI compd 82/437 was monitored by visu¬ 
alizing the slow death of adult parasites in situ. 

The prominent peculiar mobile echo-patterns or FDS 
of parasites inside the host proved to be useful in the 
observation of macrofilaricidal action of drug on the 
adult worms. Earlier studies carried out with this drug 
have shown that it acts by inhibiting the glucose uptake 
by the filarial parasites and also inhibits the activity of 
antioxidant enzymes like superoxide dismutase (SOD), 
catalase and glutathione-s-transferase (GST) of filarial 
parasites through which the parasites defend themselves 
from the attack of the host’s defence system^''^“'^l 

The adult A. viteae parasites as examined by USG 
were visualized below the dermis and were also found 
embedded in the subcutaneous tissue consisting of con¬ 
nective tissue and fat cells. The parasites were highly 
motile and the mobile echo-patterns were observed at 
regular intervals after drug therapy. The intensity of 
these mobile echo-patterns or FDS diminished during 
weekly observations. On day 28, the parasites’ body 
seemed uncoiled and the movement was very sluggish 
while on day 35, there was no movement or FDS at 
ail, thereby indicating death of adult parasites. The 
sonological changes observed in our study, thus, corre¬ 
lates well with the parasitological and surgical exami¬ 
nations. The USG images are also useful in showing 
the severity of infection and efficacy of the macrofilari¬ 
cidal drug in experimental filariasis. 
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The reference strain, Mycobacterium tuberculosis 
H37Rv, 19 drug-sensitive and 15 drug resistant clinical 
isolates of M. tuberculosis were tested for their in 
vitro susceptibility to trifluoperazine (TFP), an 
antipsychotic drug, by broth dilution method. The 
minimal inhibitory concentration (MIC) and minimal 
bactericidal concentration (MBC) of TFP against M. 
tuberculosis H37Rv were 8 and 32 mg/1, respectively. 
The distribution of the sensitive and resistant isolates, 
with respect to the MIC of TFP, was similar. The 
distribution of the sensitive and resistant isolates, 
with respect to the MBC of TFP, was different and 
the difference was statistically significant. The findings 
suggest that TFP is more bactericidal to drug-resistant 
isolates than to the sensitive isolates. 

Multidrug resistant tuberculosis (MDR-TB) is being 
frequently reported’. Failure to cure MDR-TB with the 
currently available antitubercular drugs results in the 
spread of MDR-TB in the community^. So, there is an 
urgent need to find out new and potent drugs to treat 
such cases and thereby prevent an emerging multi¬ 
dimensional problem. Inhibition, by drugs, of lipid syn¬ 
thesis in mycobacteria was considered as one of the 
alternative approaches to prevent the bacterial growth. 
The earlier studies^"'^ showed the presence of calmodulin¬ 
like protein in mycobacteria and its regulatory effect on 
lipid metabolism and growth. A calmodulin antagonist, 
trifluoperazine (TFP), was shown to inhibit the growth 
of Mycobacterium tuberculosis H37Rv and an isoniazid 
(INH) resistant clinical isolate of M. tuberculosis at a 
concentration of 5 and 8 mg/1, respectively in Youman’s 
and Karlson’s medium when grown as shake cultures^ 
When grown as surface cultures in the same medium, 
M. tuberculosis H37Rv was inhibited by TFP at 4 mg/1, 
and INH and streptomycin-resistant clinical isolates were 
inhibited, respectively at 15 and 8 mg/1 (ref. 9). To 
continue further research with this drug as an antimy- 
cobacterial agent, it is essential to determine the sus¬ 
ceptibility pattern of clinical isolates of M. tuberculosis 
to TFP. Therefore, the present study was planned to 
determine the in vitro susceptibility pattern of both 
drug-sensitive and drug-resistant clinical isolates of M. 
tuberculosis to TFP. 

A total of 19 drug-sensitive (sensitive to the four 
drugs; streptomycin, isoniazid, rifampicin and ethambu- 


tol) and 15 drug-resistant clinical isolates (resistant to 
any one or more of the four drugs mentioned earlier) 
were tested. The standard laboratory reference strain, 
M. tuberculosis H37Rv, was included as control. The 
cultures were randomly coded and tested. 

Log phase Middlebrook 7H9 (Difco, USA) culture of 
M. tuberculosis H37Rv was diluted, based on bacterial 
counts in a Thoma Bacteriological Counter, to contain 
10^ bacilli/ml in fresh 7H9 medium and distributed, in 
9.9 ml quantities, to sterile bottles. TFP (Sigma, USA) 
was added in 0.1 ml quantity to attain final concentrations 
of 8, 16, and 32mg/L The control culture received 
0.1 ml distilled water. The colony-forming units (cfu) 
were determined, on day 0, 3, and 7 on Lowenstein 
Jensen (LJ) slopes and expressed in logj^ cfu/ml. Minimal 
inhibitory concentration (MIC) is defined as the lowest 
concentration of the drug, in mg/1, which inhibited more 
than 99% of the population in the control culture on 
day 7. Minimal bactericidal concentration (MBC) is 
defined as the lowest concentration of the drug, in mg/1, 
which killed more than 99% of the population in the 
initial inoculum. The bactericidal activity (BA) is meas¬ 
ured as the average reduction in logj^, cfu/ml/day when 
exposed to the respective concentration of the drug. 

All the clinical isolates and the reference strain were 
grown in 7H9 medium for 7 days at 37"’C. The cultures 
were diluted to contain 10^ bacilli/ml of fresh medium 
and distributed in bottles. The drug solutions were added 
to attain 8, 16, 32 and 64 mg/1. The culture bottles were 
incubated for 7 days at 37°C. The cfu were determined 
on day 0 for the control cultures and on day 7 for all 
the cultures and the MIC, MBC and BA were determined. 


Table 1. Activity of TFP against M. tuberculosis H37Rv 


Cone. (mg/I) 

Viable 

counts (logjQ cfu/ml) 

on day 

0 

3 

7 

Nil 

4.60 

6.16 

8.39 

32 

4.60 

3.60 (0.33)* 

2.66 (0.27) 

16 

4.60 

4.94 

4.23 (0.16) 

8 

4.60 

5.58 

6.03 


* Bactericidal activity is given in the parentheses. 


Table 2, Distribution of MIC and MBC of TFP against clinical 
isolates of M. tuberculosis 


Strain 


MIC (pg/ml) 


MBC (gg/ml)* 


8 

16 

32 

64 

8 

16 

32 

64 

Clinical (sensitive) 

3 

12 

3 

1 

0 

2 

2 

14 

Clinical (resistant) 

5 

8 

2 

0 

1 

7 

5 

2 

Total 

8 

20 

5 

1 

1 

9 

7 

16 


*For one drug-sensitive isolate the value of MBC was not available. 
Sensitive: Sensitive to streptomycin, isoniazid, rifampicin, ethambutol. 
Resistant: Resistant to any one or more of the above drugs. 
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Table 3. Growth, in mean log,o cfu/ml (± SD), of drug-sensitive and resistant clinical isolates of M. tuberculosis in drug free and in TFP 

containing cultures 


Growth without TFP Growth on day 7 with TFP (mg/l) 


Strain 

Day 0 

Day 7 

8 

16 

32 

MIC 

MBC 

MIC : MBC 

Sensitive 

4.76 

7.09 

• 6.36 

4.23 

3.00 


64 

1 :4 

(n^l9) 

BA 

(0.59) 

(0.99) 

(0.56) 

(1.08) 

0.05 

(0.87) 

0.19 




Resistant 

4.78 

6.34 

5.22 

2.95 

2.11 

16 

32 

1 :2 

(n=15) 

BA 

(0.54) 

(0.81) 

(1.45) 

(1.32) 

0.26 

(0.60) 

0.38 





BA: Bactericidal activity. 


The mean MIC, MBC and BA were determined separately 
for sensitive and resistant clinical isolates. 

The inhibitory and bactericidal activities of TFP against 
the laboratory reference strain M, tuberculosis H37Rv 
are given in the Table 1. The MIC and MBC of TFP 
against M. tuberculosis H37Rv were 8 and 32 mg/l, 
respectively. On day 3, the BA was found to be 0.33 
with 32 mg/l and on day 7, it was 0.27 and 0.16, 
respectively with 32 and 16 mg/l (Table 1). 

The distribution of MIC and MBC of TFP against 
the clinical isolates is shown in Table 2. The MIC was 
< 16 mg/l against 15 of 19 sensitive isolates and 13 of 
15 resistant isolates. The distribution of sensitive and 
resistant isolates, with respect to MIC of TFP, was 
similar. The MBC was <32 mg/l against 13 of 15 
resistant isolates and 64 mg/l against 14 of 18 sensitive 
isolates. The distribution of sensitive and resistant isolates 
with respect to MBC was different and this difference 
was statistically significant (p< 0.001). The MIC : MBC 
ratio was 1:4 for 10 of 19 sensitive isolates while it 
was 1 : 2 for 12 of 15 drug-resistant isolates. The mean 
MIC was 16 mg/l for both the sensitive and resistant 
groups (Table 3). The mean MBC was 64 and 32 mg/l, 
respectively for the sensitive and resistant isolates. On 
day 7, the BA against the sensitive isolates was 0.19 
and 0.05, respectively with 32 and 16 mg/l, while it 
was 0.38 and 0.26 for the resistant isolates (Table 3) 
and the differences were statistically significant (p<0.01 
for 16 mg/l; p< 0.002 for 32 mg/l). 

The MIC of TFP for a majority of the clinical isolates 
was 16 mg/l. At the time when the results of this study 
were available, Reddy et a/.”’ reported that the MIC of 
TFP ranged from 3 to 25 mg/I and 6.5 to 12.5 mg/l, 
respectively, for the drug-sensitive and drug-resistant 
isolates of M. tuberculosis. These observations revealed 
that the MIC of TFP against M. tuberculosis is about 
80 times more than that could be achieved in human 
blood after the administration of the recommended dos¬ 
age. The plasma levels of TFP in human beings range 
from 80 to 200 ng/ml when the drug was administered 


at the recommended dosage of 75 to 100 mg per day 
in a single dose". Because of its very low plasma 
levels, the therapeutic index of TFP could be very low 
and its in vivo bactericidal activity can be doubted in 
human trials. But, it was interesting to note that sig¬ 
nificantly greater proportion of drug-resistant isolates 
exhibited increased susceptibility to TFP compared to 
drug-sensitive isolates. This may be attributed to the 
decreased growth rate of drug-resistant isolates compared 
to drug-sensitive isolates (Table 3), or to the cell wall 
permeability of the organism, or to the other mechanisms 
operating in bacteria. Further understanding of how the 
drug-resistant isolates of M. tuberculosis are more sus¬ 
ceptible to TFP could generate more research in drug- 
resistant tuberculosis. 
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Application of RAPD fingerprinting 
in selection of micropropagated 
plants of Piper longum for 
conservation 

M. Parani, Ajith Anand and Ajay Parida 

M. S. Swaminathan Research Foundation, III Cross Road, Taramani 
Institutional Area, Madras 600 113, India 

Random amplified polymorphic DNA fingerprints of 
twenty micropropagated plants and the mother plant 
were analysed by polymerase chain reaction of 
genomic DNA using ten random 10-mer primers. The 
RAPD fragments were scored for presence/absence 
to calculate Jaccard’s similarity index. Clustering 
based on similarity index was done following un¬ 
weighted pair group with arithmetic mean method 
and a dendrogram was constructed. The dendrogram 
showed eighteen micropropagated plants forming a 
major cluster along with the mother plant. The other 
two micropropagated plants could be regarded as 
molecular off-types (putative somaclonal variants) as 
they have shown less than 80% similarity to the 
mother plant and other micropropagated plants. 
Among the eighteen inicropropagated plants of the 
major cluster the order of preference to maintain 
maximum fidelity to the elite genotype (the mother 
plant) for conservation was established. 

The widespread loss of the world’s biological wealth 
is one of the most serious global crises todayRegarding 
plants, systematic collection and preservation of as many 
species as possible, particularly the endangered plant 
species, are the most effective means of preventing the 
crisis from reaching the point of no return. When an 
endangered vegetatively propagated species is located in 
a state of collection of few genotypes, collection of 
individuals for conservation purpose becomes critical. 
In this context, the technology for in vitro multiplication 
is of great use and application. Micropropagation in 
vitro and re-introduction into the original or favourable 
habitats is one strategy for conservation of critically 
endangered, vegetatively propagated species. Screening 
the micropropagated plants, before re-introduction, using 
molecular markers is desirable to reduce the chances 
for inclusion of variable genotypes. There are a number 
of molecular markers available for such screening, how¬ 
ever, DNA-based markers are preferable as they are not 
influenced by developmental or environmental effects. 
Random amplified polymorphic DNAs (RAPDs.^’^) is one 
such DNA-based marker system which could be used 
for screening by DNA fingerprinting. The RAPD mai'kers, 
which are practically unlimited in number and portray 
variation in the whole genome analysed, are cost effective 
and easy to do with large number of samples. In this 
paper, we describe RAPD analysis of a population of 


micropropagated plants of Piper longum to demonstrate 
its application in exercising selection at molecular level 
to maintain genetic fidelity for conservation of elite 
genotypes by micropropagation. 

For the present study, a mother plant of Piper long urn 
(an elite genotype from which the explants were col¬ 
lected) and its twenty randomly selected micropropagated 
progenies were used. Genomic DNA from the leaves 
of the adult mother plant and the selected micropropa¬ 
gated plants before the hardening stage were isolated 
following the CTAB method"^. DNA fingerprinting by 
RAPD was performed by polymerase chain reaction 
(PCR) amplification of genomic DNA with ten, 10-mer 
random oligonucleotides as primers (Operon Tech, CA, 
USA). A typical 25 |j.l reaction mixture included 10 ng 
genomic DNA, 2.5 |il lOx assay buffer [100 mM Tris-HCl 
(pH 8.3), 500 mM KCl and 0.01% gelatin], 2 mM MgCl^, 
lOOjLiM each dNTPs (dATP, dGTP, dCTP and dTTP), 
15 ng primer and 1.0 u Taq DNA polymerase (US Bio¬ 
chemicals, USA). The reaction mixture was overlaid 
with an equal volume of mineral oil, and DNA ampli¬ 
fication was performed in a Perkin Elmer DNA Thermal 
Cycler 480. The amplification condition included a total 
of 45 cycles with 1 min (3 min for the first cycle) at 
94°C for template denaturation, 1 min at 37°C for primer 
annealing and 2 min (10 min for the final cycle) at 72°C 
for primer extension. 

The PCR amplification products were separated in 
1.3% agarose gels (in lx TAE buffer) and the resultant 
amplified DNA profile, called RAPD fingerprints of 
individual plants for different primers were photographed. 
PCR amplifications for the ten primers were performed 
three times and only those amplification products which 
were consistently produced in two successive amplifi¬ 
cations were scored for presence/absence. Percentage of 
polymorphism was calculated as the proportion of 
amplification products which were polymorphic across 
all the genotypes to the total number of amplified 
products. Jaccard’s similarity index was calculated as 
[2 X no. of shared fragments)/total no. of fragments] and 
clustering was done following the unweighted pair group 
with arithmetic mean (UPGMA) method^ 

Table 1. Details of the RAPD analysis of 20 micropropagated 
plants and a mother plant of Piper longum 


No. of amplified fragments 


No. 

Primer 

Sequence 

Total 

Polymorphic 

I 

OPA05 

5AGGGGTCTTG 

5 

4 

2 

OPA08 

GTGACGtAGG 

8 

4 

3 

OPA15 

TTCCGAACCC 

7 

5 

4 

OPAiS 

AGGTGACCGT 

6 

3 

5 

OPA20 

GTTGCGATCC 

6 

5 

6 

OPDOl 

AGCGCGAAGG 

8 

8 

7 

OPDll 

AGCGCCATTG 

8 

3 

8 

OPD12 

CACCGTATCC 

4 

2 

9 

OPD13 

GGGGTGACGA 

7 

0 

10 

OPD14 

CTTCCCCAAG 

6 

3 


CURRENT SCIENCE, VOL. 73, NO. 1, 10 JULY 1997 


81 



RESEARCH COMMUNICATIONS 


D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 M 



Figure 1. RAPD fingerprints of twenty micropropagated plants and the mother plant obtained by PCR amplification of genomic DNA with 
primer OPAI5 (Top) and primer OPA20 (Bottom). D is the lane loaded with HindUl digested A phage as DNA size marker, followed by 
amplified products of 20 micropropagated plants and the mother plant (M). 



Figure 2, Dendrogram obtained by clUvSter analysis of the genotypes 
based on similarity index. 1 to 20 are the micropropagated plants and 
M is the mother plant. 

The primers used, sequence of the primers, the number 
of amplification products and the number of polymorphic 
fragments are given in Table 1. A total of 65 fragments 
were amplified and among them 37 were polymorphic. 
The number of amplification products per primer ranged 
from four (OPD12) to eight (OPDOl, OPD08, OPDll), 
The number of polymorphic amplification products per 
primer was zero (OPD13) to eight (OPD08). The RAPD 
fingerprints of 20 micropropagated plants and the mother 
plant amplified by the primer OPA15 and OPA20 are 
shown in Figure 1. The cluster diagram of the genotypes 
is shown in Figure 2. 

Propagation from the vegetative cells under normal 
condition is expected to yield progenies genetically 
identical to the mother plant. However, in vitro propa¬ 


gation through callus or direct organogenesis frequently 
results in variation. Therefore, to reduce genetic insta¬ 
bility in micropropagated plants, meristematic tissues 
are often used as explants^’^, as the organized tissues 
are believed to be immune to genetic changes in vitro^. 
Despite that, morphological variations in in vitro cultured 
plants of meristematic tissue have also been documented 
in a number of crops like strawberry'^ grapevine*^^ and 
pineapple'\ Variations at molecular level were reported 
in Populus deltoides using RAPD markers'^. These 
reports indicate that regardless of the kind of explant 
tissue used for in vitro multiplication, genetic variation 
due to culture conditions is bound to occur. Therefore, 
a system of preliminary screening of micropropagated 
plants to identify the variants is particularly important 
in case of perennials like P. longum. In this regard, 
screening by RAPD fingerprinting has been useful in 
detecting variants at an early stage of plant development 
In the present study, comparison of RAPD fingerprints 
of 20 micropropagated plants and the mother plant 
showed 56% polymorphism. The observed variation was 
not confined to a few individuals but spread through 
all the micropropagated plants. Complete homology 
between the mother plant and any micropropagated plant 
was not observed. Unlike in other cases (e.g. Populus^^), 
the polymorphic fingerprints were rather complex and 
required statistical analysis to find out the degree of 
homology. Calculation of similarity for all possible 
combinations and construction of dendrogram^ based on 
clustering by the UPGMA method, showed 18 micro- 
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propagated plants, forming a major cluster along with 
the mother plant at 80% similarity level. It could be 
seen from the dendrogram that three plants (18, 19, 20 
in Figure 2) showed highest similarity to the mother 
plant followed by the plants numbered 7, (3, 6, 1, 5), 
(13, 14), (4, 12, 9, 15, 17) and (2, 16, 10) in the 
descending order of similarity. The plant numbers given 
in brackets are members of sub-clusters having the same 
level of similarity to the mother plant as they share a 
common node. However, the plants within a sub-cluster 
may have varying level of similarity among them (see 
Figure 2). The other two plants (11 and 8), showing 
less than 80% similarity to the mother plant, are con¬ 
sidered as molecular off-types and therefore, not favoured 
in a selection process aimed at preservation of genetic 
characteristics of an elite genotype among its micro- 
propagated progenies. 

Thus, the present study establishes the potential use 
of RAPD fingerprinting in the selection of genotypes 
from micropropagated plants for conservation. This se¬ 
lection would otherwise not be possible at early stages 
of plants development. Further, the causes of variation 
observed between the mother plant and micropropagated 
plants are being analysed to enable manipulation as 
required. 
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Cyanobacterial mats from the 
Neoproterozoic Vaishnodevi 
Limestone, Jammu and Kashmir 

B. S. Venkatachala and Ashok Kumar 

Wadia Institute of Himalayan Geology, Dehradun 248 001, India 

Coccoid, crustose cyanobacterial mats have been dis¬ 
covered from cherts associated with stromatolites 
around Bidda in the Riasi Inlier of the Vaishnodevi 
Limestone, Jammu and Kashmir. Eoentophysalis 
belcherensis, Palaeopleurocapsa wopfnerii and Myxo- 
coccoides cantabrigiensis populate the mat assemblage. 
Oscillatorian ipllamentous sheaths assigned to Eomy- 
cetopsis robusta occur as a secondary mat builder. 
Eoentophysalis belcherensis and Palaeopleurocapsa 
wopfnerii have extant mat-forming counterparts. This 
cyanobacterial mat proliferated in warm, shallow 
marine, hypersaline environment as deduced from 
comparison with modern analogues. 

The Proterozoic Eon is the age of cyanobacteria. The 
group during this period reached their zenith and am¬ 
plified iraprovizing various ramifications in its morpho¬ 
logical and structural modifications to enhance their 
physiological efficiency. Functional modifications had 
priority over structural development. They were protean 
and environment-responsive and conquered all con¬ 
ceivable aquatic ecological realms, including restricted 
coastal environments such as sabkhas and hypersaline 
embayments forming microbial mats. They are also 
known to inhabit hot acid, alkaline and sulphide springs, 
forming chemolithotrophic biofilms and mats as well as 
deep sea hydrothermal vents. These environments are 
not too congenial but repugnant. In these niches they 
are extant even today after extensive proliferation for 
over 2 billion years, though their beginnings are to be 
sought in the 3.5 billion-year-old Archaean sequences. 
Hypobradytely the group explicitly displays, as opposed 
to prevalent tachytelic, horotelic and bradytelic evolution, 
verily endowed the organism elasticity and tolerance to 
changing environments. The group did not develop 
ecologic-specific specialization that restricted them to 
grow and inhabit only certain environments while 
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inhibiting their spread to others; per contra they devised 
and nurtured adoptational strategies to invade and take 
over all conceivable aquatic niches and adopted living 
in isolation. Isolation created newer morphologies too 
which, in turn, made the organism versatile. 

Comparable analogues are extant in restricted lagoons 
of Abu Dhabi in the Persian Gulf^; Shark Bay, Austra¬ 
lia^’^; tidal flats and supratidal marshes in Bahamas'^; 
Laguna Mormona in Baja, California^; and in Andros 
Island, Bahama^’ and others. Microbial mats are confined 
to these coastal environments where the cyanobacterial 
colony thrives and continues to grow due to specialized 
adoptational strategies of the organism. The coccoid 
individuals live as aggregates and in colonies and some 
of the taxa develop pseudofilaments and pseudotissue. 
The organism adopts a colonial organization to combat 
untoward edaphic conditions. They also secrete tough 
extra-cellular sheaths and envelopes which help resist 
decay. The resistance of these modified structures to 
physical, chemical and biological destruction helps them 
to conquer hostile environments. The same mechanism 
helps the organism to be preserved as fossils too. 

The cyanobacterial mats described here is one such 
where coccoid, crustose colonial forms dominate asso¬ 
ciated with filamentous ones. The biota is entombed 
within black cherts associated with stromatolites occur- 
ring in sporadic narrow thin bands and lenses interbedded 
with thin shales around Bidda in the Riasi Inlier of the 
Vaishnodevi Limestone (Figures 1 and 2). The cherts 
are black, dense and fine grained exhibiting a waxy 
lustre. These cherts have been studied in petrographic 
thin sections. Early to Early Middle Riphean age has 
been attributed to this stromatolitic carbonate sequence 
on the basis of stromatolite studies’^*^ Isotopic study of 
galena occurring within the topmost quartzite horizon 
of the limestone in Garan and Sarsendu localities indicate 
a 967 Ma age^ A scanty, chert biota has been recorded^ 
from the Jammu Limestone which include Gunflintia 
grandis Barghoorn and Tyler‘S’, G. minuta Barghoorn & 
Tyler and Huroniospora sp. A biota comprising Chuaria, 



Figure 1. Geological map of the area showing the fossil locality 
(After Raha, 1980). 


Leiosphaeridia laminariata Timofeev & Jankauskas^*, 
Obruchevella, Ferrimonolis, Nostocomorpha, Eomyce- 
topsis, Arctacellularia, Sphaercongregus, Micrhystridium, 
Lophosphaeridium, Kildinosphaera besides spiromorphs 
and vase-shaped microfossils have been reported from 
Muttal area, suggesting a Late Riphean-Vendian age'^. 

The most abundant fossil of the biota discussed here 
is Eoentophysalis Hofmann emend. Mendelson & 
Schopf‘l These are disc-shaped, pustulose, domal, crus¬ 
tose mat-building colonies of coccoid cyanobacteria 
belonging to the order Chroococcales and the family 
Entophysalidaceae (Figure 3 e-h). The outer margin of 
the colony forms hump-like structures. A distinct layering 
of darker portions towards the exterior and lighter pseudo- 
cellular interior is observed. The pseudocellular arrange¬ 
ment is laminar as well as radial. The peripheral cellular 
layers after death continue to adhere to the colony and 
occupy exterior limits to form a distinctive protective 
layering which appear dark brown in the fossil material 
(Figure 3/). The individual clusters of cells within the 
colony are covered by unlaminated mucilage which 
adhere the individual coccoid cells together. These 
unicells are either in the form of irregular clusters 
(Figure 3 g, h) or are arranged regularly to appear 
pseudoparenchymatous in organization (Figure 3 e). The 
individual cells are sphaeroidal, ellipsoidal or some times 
polyhedral. Groups of ceil packages are often covered 
by a thin membrane or a granular sheath (Figure 
3 g, /i). The taxa has been assigned to Eoentophysalis 
belcherensis. 

The extant Entophysalis is known from warm, shallow, 
hyper saline, coastal quiscent ponds and lower intertidal 
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Figure 2. Stratigraphic column showing the position of the samples 
studied. 
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Figure 3. a, Myxococcoides cantabrigensls; b, Mats of Eomycetopsis robusta; c 
d, Palaeopleurocapsa wopfnerii; e-h, Eoentophysalis belcherensis. 


Eomycetopsis robusta (enlargement of b.l. in mosaic); 
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zones^"^. These slimy, mucilagenous cushions of the 
mat-forming, palmelloid colonies form rubbery pustuloid 
cushions which spread and occupy considerable area in 
lagoonal and coastal environs. Their mucilagenous sheath 
attracts sediment particles and entraps them to form 
cyanobacterial bioherms. This multilamellate structure 
of the cyanobacterial colony is produced by each cell 
secreting an extra-cellular gelatinous envelop which cov¬ 
ers the pseudotissue and the colony. A yellow brown 
pigment scytonemine colours the envelopes, particularly 
on the exterior surface of the colony^ Thus a distinct 
brown hard mammilate surface develops. Sediments are 
also trapped in the small depressions between adjacent 
mammillae and the slimy gelatinous cushion entraps 
sediments forming lamellar and cushioned slimy outer 
surface, which in turn attracts and harbours other newer 
forms, helping the formation of stromatolitic mats. The 
entire process of colonization and recolonization of 
successive biocoenosis continues alongside consolidation 
of sediments. 

Palaeopleurocapsa wopfnerii Knoll, Barghoorn and 
Golubic^^ belonging to the family Dermocarpaceae and 
the order Pleurocapsales is the other distinctive crustose 
form (Figure 3 d) occurring within the cherts. Comparable 
pleurocapsalean extant cyanobacteria builds distinctive 
mats in modern intertidal environments. The fossils 
attributed to this taxa form prominent cushions which 
are circular to oval in their overall outline, crustose, 
ensheathing packs of cells forming pseudoparenchyma- 
tous arrangement (Figure 2d). They are linearly arranged 
running almost parallel at the periphery while arising 
in a radiating fashion from the centre of the colony. 
The coccoid cells form pseudofilaments, which in turn 
anastomose to result into a pseudoparenchymatous or¬ 
ganization, during the process of which their original 
coccoid cell is obscured or crushed by their close 
juxtapositioning. In the same colony, different stages of 
deformation and degradation of individual cells in sunken 
and collapsed state are common. Close packing also 
distorts their shape to appear tetragonal to polygonal in 
appearance. Phototropic pigmentation is gradational from 
darker exterior to lighter interior. Tophonomical changes 
distort both cellular pattern as well as the shape of the 
colony. However, the common radiating pattern which 
is the basic structure of Pleurocapsa is also distinct in 
the fossil Paleopleurocapsa. 

The extant comparable genus Pleurocapsa is also 
characterized by filament-like arrangement of coccoid cells 
and pseudoparenchymatous arrangement of the colony^^. 

Sphaeroidal vesicles of various sizes attributable to 
Myxococcoides cantabrigensis KnolP^ classed under the 
family Chroococcaceae and the order Chroococales occur 
in sizable colonies (Figure 3 a). Each colony holds 
spheroids ranging in size from 5 to 55 pm, the spheres 
are not adpressed to each other as opposed to the 


pseudoparenchymatous colonies of Palaeoentophysalis 
and Palaeopleurocapsa discussed earlier. Some of the 
smaller spheres ranging in size from 5 to 20 pm show 
distinct granulose to microreticulose ornamentation while 
the large sphere ranging in size from 25 to 50 pm shows 
laevigate ornamentation. Spheres at the outer edge of 
the colony are thickened to form a distinct rim (Figure 
3 a). The spheres do not have individual envelopes but 
the entire colony is enmeshed in mucilage. 

Lo^”^ compares the analogous species M. styphylidion 
described by him with Microcystus Kuetzing on the 
basis of the absence of individual envelopes and well- 
packed arrangement of individual spheres. Knoll, Swett 
and Mark^^ compare M. chlorelloides with the extant 
genus Chlorella. 

Oscillatorian filamentous sheaths are preserved in 
densely interwoven condition as well as in small bunches 
(Figure 3 b). The sheaths are 3-4 pm in diameter, tubular 
non-septate and non-branching and are here attributed 
to Eomycetopsis robusta Schopf emend. Knoll and Golu- 
bic'"^ (Figure 3 c). They occur in mats or in isolated 
solitary condition, often they are poorly preserved and 
the sheath walls are composed of granulose organic 
matter. Such filamentous mats are known from sabkhas 
of Abu Dhabi bordering the Persian Gulf 

Fossil cyanobacterial mats which are stratified biotic 
communities are abundant in Palaeoproterozoic and 
continue into the Neoproterozoic, they signify restricted 
and stressed environments. Some of the assemblages 
are associated with stromatolites. The coccoid and 
filamentous cyanobacteria that caused the formation of 
these mats as discussed above show similarities with 
modern mat-forming communities. This close analogy 
between the fossil and modern mat-forming communities 
is striking which enables us to deduce that the fossil 
biotas developed in restricted niches. Comparable 
cyanobacterial mat assemblages are known from 1200 Ma 
old Dismal Lake Group, Arctic Canada’'^; 1400-1500 Ma 
old Gaoyuzhung Formation, China^^^; 1500 Ma old 
Balbirini Dolomite, Australia^’; ± 1500Ma old Amelia 
Dolomite, Australia^^; 1900 Ma old Kasegalik and 
McLeary Formation of the Belcher Super Group, 
Canada^-^ and 688 Ma old Narssarssuk Formation, 
Aorferneg Dolomite Member Northwestern Green¬ 
land^"^. These records are also from intertidal-supratidal 
settings. 

The mat-forming biota from the Vaishnodevi Limestone 
proliferated in warm, shallow marine, hypersaline waters 
as deduced from comparison with modern analogues. 
The assemblage is richly populated by Eoentophysalis 
belcherensis and Palaeopleurocapsa wopfnerii both of 
which have extant mat-forming counterparts which 
thrived in such an environment. Present day microbial 
mats and potential stromatolites are confined to sabkhas 
and coastal environments too. 
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Myxococcoides cantabrigiensis occurring in aggregates 
of several hundreds of cells enveloped by a common 
mucilage and a thickened outer layer also is a mat¬ 
forming community. This phenomenon of aggregating 
thousands of individual coccoids in a colony, though 
loosely arranged, is a significant adoptational mode to 
protect the organism from the harmful effects of expo¬ 
sures to ultraviolet radiation as well as desiccation 
besides help cope up with periodical exposures to 
subaerial environments. Such protective covering com¬ 
mon to the coccoid cyanobacteria discussed here is a 
morphological adaptation characteristic to the distinctive 
biota inhabiting marine marshes. Filamentous oscillato- 
rian sheaths form secondary mats in the Vaishnodevi 
biota. Compared to open marine coastal biotas which 
are taxonomically more abundant and diverse, the 
restricted lagoonal and other onshore environments 
demonstrate low biotic diversity^^ 
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Annual Review of Immunology 1996. 
Wilson E. Paul ed. Annual Reviews Inc., 
4139 El Camino Way, P, B. No. 10139, 
Palo Alto, California 94303-0139, USA. 
Vol. 14. 718 pp. Price: $56, elsewhere 
$61. 


The Annual Review of Immunology 1996 
contains 26 articles. They deal with the 
general areas of early T cell development 
and differentiation, T cell activation and 
TCR-mediated signaling, B7/CD28 and 
CD40/gp39 mediated co-stimulatory events, 
Class I MHC mediated antigen presenta¬ 
tion, regulation of Class II gene expres¬ 
sion, interactions involving endothelial 
cells and mucosal barriers, arthritis and 
salmonellosis, CTL-mediated disease pro¬ 
tection, immunotoxin action, action of 
viral-derived immunoregulatory molecules 
and the macrolide antibiotic rapamycin. 
Articles on tyrosine kinase mediated 
signaling, variable region gene assembly 
and the nature of somatic hypermutation 
cover the area of B cell biology. The 
volume opens with a short article by M. 
Koshland describing the strong influence 
that Karl Landsteiner had on her. Particu¬ 
larly interesting is her concern for the 
problems faced by women scientists and 
the need to encourage creative thinking in 
present-day science. 

Three articles discuss events related to 
progenitor development and their early 
differentiation and signaling. K. Shortman 
and L. Wu in their article ‘Early T 
lymphocyte progenitors’ describe early 
steps occurring during the differentiation 
of multipotent hemopoietic stem cells and 
early T cell progenitors into cells that have 
completed their TCR gene rearrangements. 
Contrary to older assumptions, significant 
differences have now been shown to exist 
between fetal and adult lymphopoiesis. 
The surface expression of markers such as 
Sca-1, Lin, Thy 1,1, c-kit, human CD34 
and CD45, CD4 and CDS, the status of 
TCR gene rearrangements as well as the 
expression of RAG-1 and RAG-2 genes in 
early progenitor T cells are discussed. In a 
complimentary article ‘Cellular interac¬ 
tions in thymocyte development’, 
G. Anderson et al. describe the influence 
of thymic stromal components during 
positive and negative selection in the 
thymus. Thymocytes and stromal compo¬ 
nents seem to interact in a mutually 
interdependent manner. Although stromal 
components are known to influence 


thymocyte maturation, it is now increas¬ 
ingly evident that thymocytes also influ¬ 
ence stromal cell function. Data gathered 
from mice deficient for TCR-alpha subunit, 
RAG-1, RAG-2, genes, SCID and 
CD3-epsilon transgenic mice are described. 
The roles of P56^‘=^ a putative p2P^ 
exchange protein called Vav, CD45 
phosphatase as well as ZAP-70 during 
positive and negative selection are dis¬ 
cussed. Emerging evidences support the 
conclusion that the events of positive and 
negative selection are mediated by dis¬ 
tinctly different biochemical signaling path¬ 
ways. The participation of tyrosine kinase- 
mediated signaling pathways in B cell 
development and lymphopoiesis is dis¬ 
cussed in their article on B cell develop¬ 
ment by A. Sutterthwaite and O. Witte. 
The effects of gain as well as loss of 
function mutations of selected tyrosine 
kinases on B cell development are summa¬ 
rized. An additional article included in the 
general area of B cell biology has been 
written by S. D. Wagner and M. S. 
Neuberger on the topic of somatic 
hypermutation. The article deals with the 
mechanism of somatic hypermutation in B 
cell development, a process that results in 
affinity maturation. The possible molecular 
nature is discussed with respect to the 
observed pattern of nucleotide substitution 
and the regions mutated. Information re¬ 
garding the mechanism of V(D)J gene 
rearrangement during TCR and Ig assem¬ 
bly is available in the article written by 
B. P. Sleckman, J. R. Gorman and F. W. 
Alt. The various factors that govern the 
accessibility of recombining sequences 
within the TCR and Ig genes are discussed 
with special reference to the different 
stages of lymphocyte development. 

Three articles cover the general area of 
T cell recognition and activation. J. Sloan- 
Lancaster and P.M. Allen in their article 
‘Altered peptide ligand-induced partial T 
cell activation’ describe the information 
obtained regarding the induction of T cell 
anergy by TCR binding of peptide analogs 
of immunogenic peptides. These ‘altered 
peptide ligands’ (APL) are generated by 
selective replacement of specific amino 
acid residues in the immunogenic peptide. 
APL and agonistic peptides seem to differ 
from each other in the pattern of tyrosine 
phosphorylations they induce on the TCR- 
gamma subunit. The number of tyrosines 
phosphorylated in the TCR/CD3 are, in 
turn linked to the nature of ligand bound 
by the TCR. In contrast to being an all or 


none phenomenon, T cell activation seems 
to progressively depend on the number of 
signaling molecules recruited downstream 
to differential phosphorylation events. The 
article describes these events lucidly and 
proposes several models to explain them. 
Endogenously occurring APL may thus 
play an important role not only in thymic 
maturation and various disease processes 
but may influence T cell immunity as well. 
While the above article deals with T cell 
activation, G. A. Bendy and R. A. Mariuzza 
describe details of the crystallographic 
studies of the TCR to confirm the similari¬ 
ties between the TCR and immunoglobulin 
structures. It must, however, be mentioned 
that more recent information has been 
published subsequent to their article ‘The 
structure of the T cell antigen receptor’ 
published in this Annual Review. The role 
of TCR-mediated signal transduction path¬ 
ways in cytokine gene regulation is dis¬ 
cussed in the article ‘T cell antigen 
receptor signal transduction pathways’ by 
D. Cantrell. The regulation of phospho¬ 
lipase C-Y and phosphatidylinositol 3'- 
hydroxylase as well as the roles of p2P^, 
Grb2 and Grk molecules during TCR 
signaling are covered. The downstream 
induction of various transcription factors 
especially NFAT, AP-1, NF-kB and Oct-1 
as well as the regulation of MAP and JUN 
kinases by the TCR and CD28 molecules 
are discussed in detail. A separate article 
by Y. Chein et al. is devoted to gamma- 
delta T cell function. The differences 
between ap and yS T cell types with 
respect to their requirements for activation, 
antigen recognition, absence of the need to 
process antigen before its recognition by 
the y 5 TCR as well as the properties of 
recognized antigens such as prenylation 
and phosphate bearing nonapeptides are 
discussed. While the above articles deal 
with normal T cells, a comprehensive 
article by A. Moretta et al. deals with 
receptors on human natural killer (NK) 
cells. NK cells are not MHC restricted and 
therefore, differ from normal T cells. 
Rather than possessing antigen-specific 
receptors, recent information suggests that 
. specialized receptors for different MHC 
alleles are found clonally distributed on 
NK cells. The recognition of epitopes 
shared by groups of MHC alleles found on 
normal self-MHC molecules lead to inhibi¬ 
tory signals that inhibit NK killing. How¬ 
ever, the masking or alteration of these 
epitopes that are present on self MHC- 
Class I leads to activating signals that 
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result in successful NK recognition and 
killing. Receptors that recognize HLA-B 
and HLA-C alleles have been identified, 
their genes cloned and the receptor 
structures delineated. Interestingly, both 
activating and inhibitory type receptors for 
HLA-C alleles have been discovered and 
represent new members of the 
immunoglubulin superfamily. The differ¬ 
ences between murine Ly49 and human 
NK receptor molecules are discussed. 
Detailed information about the mechanism 
of cytotoxicity by NK and MHC-restricted 
cytotoxic T cells (CTL) is found in another 
article by D. Kagi et al Besides describing 
both perforin-mediated and Fas antigen- 
mediated mechanisms, the article also 
emphasizes the relative roles played by 
these pathways during immunopathology 
and immunological protection. The impor¬ 
tance of these two cytotoxic mechanisms 
during infection with cytopathic versus 
non-cytopathic viruses, bacterial infec¬ 
tions, autoimmmune and allograft rejection 
reactions is dealt with. 

Information regarding co-stimulatory 
signals that accompany lymphocyte activa¬ 
tion is found in two articles, one on CD28/ 
B7 mediated-signals and the other on 
CD40/gp39-mediated immune regulation. 
The first article by D. J. Lenschow et al 
discusses the important role of CD28/B7 
interactions in the activation and suppres¬ 
sion of humoral immune responses, trans¬ 
plantation and autoimmune disease. The 
general properties of CD28 and CTLA4 
molecules, their participation in THl and 
TH2 differentiation, the differential cellu¬ 
lar distribution, expression and regulation 
of B7-1 and B7-2 are described along with 
a temporal model for their regulation. The 
second article ‘Immune regulation by 
CD40 and its ligand GP39’ by T M. Foy 
et al describes the central role of CD40 
and gp39 in B cell expansion and differen¬ 
tiation, humoral immune responses to T 
dependent antigens, germinal center for¬ 
mation and in the peripheral and thymic 
induction of T cell tolerance. The advances 
made in the molecular analyses of CD40 
receptor/gp39 ligand binding are described 
in the article. Antigen-mediated regulation 
of gp39 expression on T cells from normal 
and transgenic mice that constitutively 
express specific antigen is also described. 

Information gathered in the area of 
leukocyte-endothelial cell interactions and 
subsequent leukocyte migration and im¬ 
mune surveillance of mucosal barriers is 
available in two articles. Immune surveil¬ 


lance depends to a large extent on the 
successful migration of specific leukocyte 
subsets to the location at which inflamma¬ 
tion occurs. The recirculation of leukocytes 
from the blood into peripheral tissues is 
controlled by endothelial cells. The mecha¬ 
nisms by which this control is exerted are 
described in the article ‘Orchestrated infor¬ 
mation transfer underlying leukocyte 
endothelial interactions’ by K. Ebnet. The 
induction and production of various 
chemokines by endothelial cells and the 
specific interactions involving adhesion 
molecules such as P-selectins and integrins 
are discussed, especially with regard to 
their control of leukocyte migration. The 
mechanisms by which antigens are sam¬ 
pled and presented across epithelial and 
mucosal barriers have assumed great im¬ 
portance in contemporary immunology and 
the knowledge accumulated is becoming 
increasingly relevant in development of 
therapeutic strategies. The article by 
M. R. Neutra et al covers transepithelial 
transport of antigen by specialized epithelial 
cells called M cells. Several pathogens 
have the ability to utilize the properties of 
M cells to gain access and invade mucosal 
tissues. The mechanisms by which this 
invasion is achieved has been described 
with special reference to reovirus, 
poliovirus, MMTV, HIV as well as bacte¬ 
ria such as E, coll Vibrio cholerae. 
Salmonella, Shigella and Yersinia. 

Two articles deal with the Major 
Histocompatibility Complex. The article 
by I. A. York and K. L Rock concentrates 
on the recent molecular details of antigen 
processing and presentation by MHC Class 
I. The role of TAP proteins, ubiquitin and 
chaperones in antigen presentation as well 
as the subcellular compartments involved 
are covered in detail. The article ‘Regula¬ 
tion of MHC Class II genes: Lessons from 
a disease’ by B. Mach et al describes the 
clinical study of patients suffering from 
BLS (Bare Lymphocyte Syndrome). BLS 
is characterized by defective regulation of 
MHC-II surface expression due to defects 
in two MHC-II transactivators called CIITA 
and RFX5. This clinical discovery, the first 
of its kind to be shown to involve genetic 
lesions in transactivator genes was con¬ 
firmed by complementation cloning stud¬ 
ies. The mechanism of action of these two 
transactivators in modulating Class II 
genes is described. Information regarding 
the regulation of MHC-II by various 
cytokines, MHC-II promoter and the DNA- 
binding proteins that bind to it are 


summarized in a comprehensive table. 
The last article in the volume ‘The NF-kB 
and I-kB proteins’ written by A. S. Baldwin 
Jr describes in detail the action of the well- 
known transcriptional factor, NF-kB and 
its inhibitory protein I-kB. NF-kB is 
normally found associated with Ik-B in the 
cytoplasm. During immune and inflamma¬ 
tory responses, activating stimuli lead to 
the release of NF-kB from I-kB followed 
by its translocation into the nucleus. NF- 
kB-binding sites serve as transcriptional 
regulatory elements that are inducible by 
LPS, TNF, GM-CSF, IL-1, IL-2, IL-6 and 
ICAM-1. Advances regarding the biology 
of NF-kB/Rel family of proteins, the 
crystal structure of NF-kB, mechanism of 
its activation and the genes it regulates as 
revealed by recent gene knockout studies 
are described. 

The article by R. T. Abraham and G. J. 
Weiderrecht describes the immuno- 
pharmacology of r^pamycin. The mecha¬ 
nism of immunosuppressive action brought 
about by this macrolide as well as its 
analogue FK506 through the formation of 
rapamycin-binding complexes is reviewed. 
Recent information regarding the interac¬ 
tion of these complexes with its target 
protein called mTOR and the participation 
of a new signal pathway in IL-2 activated 
T cells is covered. The use of immunotoxins 
for cancer and disease is now a well- 
defined approach. The clinical advantages 
of targeted immunotoxin therapy is dis¬ 
cussed in an article on ‘Immunotoxins’ by 
G. R. Thrush et al A ready reference table 
summarizing clinical trials that have used 
immunotoxins has been included. This 
article also describes the use of bispecific 
antibodies as well as various toxin moie¬ 
ties to target B and T cell subsets. The use 
of cytokine and growth factor-based 
immunotoxins in bone-marrow transplan¬ 
tation, autoimmune disease, AIDS as well 
as graft vs host disease are discussed. The 
development of more efficient drugs and 
therapeutic strategies to strengthen the 
immune system is seemingly accompanied 
by a parallel effort on the part of viruses to 
evolve novel mechanisms to evade the 
immune system. The article ‘One step 
ahead of the game’ by M. K. Spriggs 
confirms just this. Viruses co-evolve along 
with the evolution of higher mammals that 
are the targets for their infection. Many 
viruses have now been shown to synthe¬ 
size many immune modulators which, in 
turn, regulate the processes of antigen 
presentation, complement and cytokine 
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function as well as apoptosis. The mecha¬ 
nism by which the ICP47 gene product, 
US 11 of human cytomegalovirus as well as 
the gpl9 protein of adenovirus inhibit 
MHC Class I transport is summarized. The 
action of the BZLF2 gene of EBV on 
MHC Class II presentation is discussed. 
Human IL-10 and the BCRFl gene prod¬ 
uct of EBV seem to show similar actions, 
thus making it possible for this viral 
protein to disturb nomal cytokine net¬ 
works. Pox viruses also encode soluble 
receptors for Type I and Type IIIFN (B18 
receptor protein), TNF, IL-1 as well as 
other proteins and chemokines that regu¬ 
late programmed cell death. The similarity 
of pox virus-encoded ORFs and growth 
factors to the EOF family of proteins is 
discussed. The information discussed is 
very pertinent to the control of viral 
infections. 

Three articles relate to disease proc¬ 
esses. The discussion about M cells found 
in the article on mucosal barriers is dealt in 
more detail in the article on ‘Salmonel¬ 
losis: Host immune responses and bacterial 
virulence determinants’. This article by 
B. D. Jones and S. Falkow describes the 
genes, inv A,-B,-C and inv-D that control 
the ability of Salmonella to invade the 
mucosal tissue. Other invasion genes such 
as hil, prgH and orgA are also dealt with 
along with genes responsible for the 
pathogenesis and survival of the parasite 
within phagocytes. In summary, several 
products that are important for the inva¬ 
sion of pathogenic Salmonella along with 
their genes and the host immune responses 
to them are described. 

The article ‘Role of cytokines in rheu¬ 
matoid arthritis’ by M. Feldmann et al 
reviews information gathered about the 
pathogenesis of rheumatoid arthritis. Analy¬ 
sis of cytokine mRNA and protein is lately 
being utilized to understand the basic 
nature of this disease. Much emphasis has 
been laid on the expression patterns of 
pro-inflammatory cytokines including IL- 
12 and anti-inflammatory cytokines such 
as IL-10 and TGF-p. The expression of 
chemokines such as IL-8, GROa, ENA 78, 
RANTES, MCP-la during disease as well 
as the recent therapeutic approaches that 
include anti-TNF, IL-1 and IL-6 antago¬ 
nists are detailed. The article ‘The 
interleukin-2 receptor y chain: Its role in 
the multiple cytokine receptor complexes 
and T cell development in XSCID’ by 
K. Sugamura et al. describes additional 
information about the already well-studied 


IL-2 receptor structure. The new found 
additional y subunit of this receptor also 
participates as a structural constituent of 
other cytokine receptors such as IL-4, IL-7 
and IL-9. Substantial information has been 
gathered about the human X-linked severe 
combined immunodeficiency (XSCID) syn¬ 
drome as a result of structural and molecu¬ 
lar analyses of this subunit. A more lucid 
and detailed comparison of B and T cell 
defects in XCID and knockout mice for 
IL-2Ry gene is found in this article. IL-7 
seems to play an important role in early T 
cell development. 

Much needed information about immu¬ 
nological memory can be found updated in 
a very interesting article by the 1996 
Nobel recepient Rolf Zinkernagel. The 
article exhaustively covers the information 
available about immunological memory 
and the effector mechanisms needed for its 
establishment. These are discussed with 
particular reference to cytopathic and non- 
cytopathic viruses and CD8"^ T cells. The 
roles of CTL precursor frequencies and T 
cell activation as well as the mechanism of 
antigen persistence during the establish¬ 
ment of memory are dealt with. 

Thus, the articles in this well-compiled 
volume have concentrated relatively on T 
cell biology and selected disease processes 
while covering some new topics such as 
endothelial cell-leukocyte interactions and 
somatic hypermutations. Some topics that 
have been covered in previous volumes 
have also been updated. 

R. Manjunath 

Department of Biochemistry, 

Indian Institute of Science, 

Bangalore 560 012, India 


Annual Review of Plant Physiology and 
Plant Molecular Biology 1996. Jones, 
R. L., Sommerville, C. R. and Walbot, V. 
eds. Annual Reviews Inc., 4139 El Camino 
Way, P. B. No. 10139, Palo Alto, Califor¬ 
nia 94303-0139, USA. Vol. 47. 787 pp. 
Price: $52, elsewhere $57. 


Like Christmas or the New Year, people 
like me look forward eagerly to the new 
Annual Review Volume. Without doubt, 
the Annual Reviews are to be counted 
among the most significant scientific pub¬ 
lications of our times, every volume 
bringing in a wealth of information and 


new perspectives. The publication of the 
first volume of Annual Review of Plant 
Physiology (ARPP) coincided with my 
entry in the Honours Course of Botany. 
Though the style was a bit forbidding and 
appeared incomprehensible, the Annual 
Reviews have since then been a constant 
companion and a source of invaluable 
information. A few years ago, in conso¬ 
nance with changing times, the ARPP 
became ARPP & MB. In its next 
incarnation one might even call it the 
‘Annual Review of Plant Biology’ because 
questions even in such traditional 
subdisciplines as morphology, anatomy, 
classical plant embryology, taxonomy can 
now be addressed in a molecular fashion. 
For a time, molecular biology meant 
exclusive preoccupation with nucleic 
acids, but quite rightly we have a more 
mature outlook now and presently the field 
embraces action at the molecular level by 
all actors, big or small. Instead, as days go 
by, we are turning a full circle - ‘molecu¬ 
lar’ biology is now turning more ‘cellular’ 
and already whole plant physiology (or 
call it plant biology) is back in fashion. 

Now to the current volume. Over the 
years, the Annual Reviews open with an 
autobiographical article. These articles are 
a source of inspiration and strength and I 
have been using information of personal 
kind to enliven interest amongst young¬ 
sters and generate the value of patience 
and persistence (it is surprising how close 
many great scientists have been to bank¬ 
ruptcy or despondency such as of a ‘no 
job’ or ‘dismissal’ situation). And having 
met Jake MacMillan, it was particularly 
interesting to learn how he meandered 
from colchicine to become the world’s 
most noted authority on chemistry of 
gibberellins. Of course, his caveat and 
lasting stamp has been in the application 
of GC-MS for identification and assay of 
these molecules (ironically, however, the 
introduction of this expensive technology 
made me quit work on gibberellins after 
publishing a couple of papers). 

If we try to broadly classify the 
contents (not at all an easy job because of 
the growing complexity of any area and 
the intricate relationships to other enquir¬ 
ies), the majority of the 26 articles belong 
to what can be called the area of ‘Metabo¬ 
lism and its regulation’, with four articles 
relating to chloroplasts or photosynthesis, 
one on respiration (glycolysis), two on 
lipids, one each on N-metabolism, DNA 
damage and repair, the 14-3-3 proteins, 
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sucrose phosphate synthase, carbohydrate 
gene expression and phosphatases. The 
general area of ‘Cell and sub-cell’ includes 
four articles: one each on cell walls (albeit 
of grasses), apoplastic cell space, compart- 
mentation of proteins (in endomembranes) 
and two on transport across membranes. 
The area of ‘Growth and Development’ 
has three articles which includes one each 
on light control of seedling development, 
xylogenesis, and chimeras. The area of 
‘Stress molecular biology’ includes two 
articles - one on chilling sensitivity and 
another on dehydration tolerance. Much 
research on modern day plant molecular 
biology is being driven by the promise of 
‘Biotechnology’ and this is represented by 
a key article of great current interest, i.e. 
gene silencing. Then there are various 
other articles of the ‘Miscellaneous’ cat¬ 
egory. 

Among the various reviews, I found 
those on chloroplasts or photosynthesis, 
the quizzical 14-3-3 proteins, the 
phosphatases, light control of seedling 
development, molecular basis of dehydra¬ 
tion tolerance and chilling sensitivity of 
great interest from the viewpoint of my 
own research and teaching. Photosynthe¬ 
sis increasingly (and appropriately too) 
deserves more than one article, and all the 
four articles are very timely. For a long 
time, despite the importance and the 
advances concerning the ‘Z’ scheme of 
photosynthesis, no one precisely under¬ 
stood the photosynthetic units (systems if 
you like) and have an idea of how excitons 
and electrons move in space. Thanks now 
to a variety of approaches, biochemical 
and specially biophysical such as electron 
diffraction and X-ray crystallography, we 
can now achieve a resolution of as few as 
2 or 3 A in deciphering architecture of 3-D 
mega complexes. The progress is salutary 
and remarkable when we compare the 
current notions with those prevalent in the 
sixties or even the seventies when the 
monomolecular layer of chlorophyll pig¬ 
ments dominated all thinking. The review 
by Green and Dunford summarizes the 
progress in respect of LHC II and other chi 
alb complexes and brings out the intrica¬ 
cies of the geometrical configurations (or 
orientation) of chlorophylls and carotenoids 
(nothing is left of the earlier models). 
Similarly, the article by Cramer’s group 
brings us up with the advances in respect 
of cyt b6 & f complex with emphasis 
throughout on structure-function relation¬ 
ship, The chapter by Horton and coworkers 


catches a glimpse of the new area of 
regulation of photosynthesis, the focus 
here being on the protection of the 
photosynthetic apparatus from excess light 
through mechanisms such as represented 
by the xanthophyll cycle. Finally, like 
Rubisco (its counterpart in C3 plants 
which has in past been the focus of a vast 
amount of research), attention is paid to 
PEP carboxylase in a review by Chollet 
and co-workers, the emphasis being on 
regulation strategies such as 
phosphorylation. Phosphorylation brings 
us also to dephosphorylation and thus to 
phosphatases (covered by Smith and 
Walker) which until now have been ne¬ 
glected compared to kinases which have so 
far stolen the limelight. Yet, to me the 
most interesting development concerns the 
14-3-3 proteins. Like the name itself, 
function is also intriguing. The proteins 
apparently provide the means of a bewil¬ 
dering array of interactions amongst vari¬ 
ous proteins of diverse signal transduction 
chains, influence phosphorylations and 
seem to be like a major component of what 
may be called the plant CPU (central 
processing unit) as also in animals. 

In the area of ‘Plant Growth and 
Development’, easily the most interesting 
article is by Arnim and Deng bringing 
alive to the reader the growing field of 
light control of development. The burning 
question currently is, what are the precise 
roles of different phytochromes (of which 
now there seem to be about half-a-dozen)? 
The review shows how mutants are leading 
the way towards understanding of their 
mode of action. 

Closer to human survival, ‘Plant 
Biotechnology’ and ‘Stress Molecular 
Biology’ constitute other areas of present- 
day thrust. One of the unpleasant surprises 
met by a genetic engineer is that plants 
fight back introduced foreign genes and 
tend to throw them out. The review by 
Meyer and Saedler covers this aspect and 
attempts to explain why this is so. Two 
other reviews deal with the subject of 
chilling sensitivity and tolerance to dehy¬ 
dration. If one could understand these, 
one could visualize present day crops 
being extended to far wider areas and also 
the deserts becoming green. 

Finally, each of the Annual Reviews 
does a signal service by drawing to centre- 
stage a somewhat neglected area, and 
bringing it alive from obscurity. The pot¬ 
pourri of articles such as on production of 
wax, glutathione transferases, and perhaps 


also xylogenesis and chimeras could be 
grouped in this category and they bring 
new and unexpected insights. A particu¬ 
larly valuable review is on di oxygenases 
which are responsible for biosynthesis of a 
wide spectrum of biomolecules from pig¬ 
ments such as anthocyanins to hormones 
such as gibberellins. 

In the various reviews of the ‘Miscella¬ 
neous’ as well as other groups, one cannot 
help pondering over the remarkable changes 
in methodologies and approaches in the 
last decades. Everywhere, genetic engi¬ 
neering (overexpression, anti-sense and 
gene knock-out technology, site-directed 
mutagenesis, etc.) is expected to bring new 
insights. Genetic engineering in times to 
come has to be learnt by all researchers 
like chromatography, PAGE, centrifugation 
or spectroscopic methods, regardless of 
whether one decides later to go in for 
agricultural biotechnology or not. 

To conclude, in keeping with the 
tradition of all Annual Reviews, the 
volume lives up to the highest academic 
standards. Nonetheless, I have a few 
suggestions for editors. This is in keeping 
with changing times. The Annual Reviews 
should prepare for the new century and 
now go for a new format of somewhat 
easier and more user-friendly style, with 
more expanded introductions and histori¬ 
cal background (as in the reviews by Ferl 
or by Szymkowiak and Sussex, or Tanner 
and Caspar!). There should also be more 
diagrams and in colour. In my experience, 
the real value of these reviews is for those 
working in fields other than those of the 
reviewers and with increasing specializa¬ 
tion every article has to be made more 
readable. Rebecca Chasan was doing a 
splendid job for the Plant Cell. We need 
some more of her style, which I think - 
with a strong will and an editorial mandate 
- can be done without necessarily compro¬ 
mising technical quality. Also with a 
wider readership, the economics of more 
illustrations and also of colour printing can 
still be worked out satisfactorily. Other¬ 
wise, the Annual Reviews may gradually 
lose their unchallenged position to other 
upcoming journals and serials, some of 
them already doing a good job of dissemi¬ 
nation of knowledge of plant biology. 

S. C. Maheshwari 

International Centre for Genetic 
Engineering and Biotechnology, 

New Delhi 110 067, India 
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BOOK REVIEWS 


Medicinal and Pharmaceutical 
Chemistry. Harkishan Singh and 
V. K, Kapoor. Vallabh Prakashan, Delhi 
no 034, India. 1996. (i>(viii) + 671 pp. 
Price: Rs 560 or US $ 70. 


This classic monograph on Medicinal and 
Pharmaceutical Chemistry is the product 
of labour of love of two outstanding 
teachers of India. That our country has 
made rapid progress in the pursuit of 
excellence in the practice of medicinal and 
pharmaceutical chemistry is not in doubt. 
In some measure, both Singh and Kapoor 
are responsible for this achievement by 
training a generation of medicinal chemists 
in the country. 

The book is divided in 46 chapters 
which covers almost all the areas of 
medicinal chemistry starting with chemical 


nomenclature, international non-proprietory 
names (INNs), physicochemical and 
stereochemical aspects of drug action. The 
authors systematically deal with principles 
of pharmacokinetics and chemistry of 
various therapeutic classes of drugs. The 
areas covered are many such as anaesthet¬ 
ics, hypnotics, sedatives-opioid analgesics, 
antitussives, psychoactives, CNS stimu¬ 
lants and depressants, anti-Parkinson drugs, 
sympathomimetic, cholinergic and 
anticholinergic drugs, muscle relaxants, 
and anticonvulsants. There are separate 
chapters on endocrine disorders such as 
hypoglycaemia, hyper and hypothyroidism 
and others. The chapters on antihista¬ 
mines, non-steroidal anti-inflammatory 
agents, cardiovascular drugs and diuretics 
are especially interesting since they de¬ 
scribe modem advances in the fields. One 
of the major achievements of this mono¬ 


graph is that it traces the basic concepts in 
medicinal and pharmaceutical chemistry 
and then leads the reader to most recent 
advances in each therapeutic area. The 
style of presentation is lucid and absorbing 
and would help both students and teachers 
of medicinal and pharmaceutical chemis¬ 
try. The book was found to be free of 
printing errors,' which itself speaks vol¬ 
umes for thoroughness in its publication. 

I recommend this excellent monograph 
to all the students and teachers of medici¬ 
nal and pharmaceutical chemistry. 

ViSHWA Prakash Arya 


11, Yashodham Complex, 

Film City Road, 

Near Royal Challenge, Goregaon (E) 
Mumbai 400 063, India 


M. S. SWAMINATHAN RESEARCH FOUNDATION 

M. S. Swaminathan Research Foundation is currently looking for outstanding and active scholars 
for the following Chair: 

Shri B R Barwale Chair in Biodiversity: Emphasis in the programmes associated with this 
chair will be on the revitalization of the in situ and on-farm genetic resources conservation of 
traditions of rural and tribal families. The Chair will also head the MSSRF Technical Resource 
Centre for the implementation of the Equity provisions of the Convention on Biological Diversity. 

Candidates should, in addition to a doctoral degree or equivalent professional qualification, 
have at least 10 years of work experience in an academic and/or activist setting and a record 
of quality publications. The position will be on a three year renewable contract and on negotiable 
terms. 

Interested candidates may apply with complete biodata (including copies of important 
publications, and names, addresses and contact telephone numbers of three referees) to 
Manager (Personnel and Adminstration), M S Swaminathan Research Foundation, Taramani, 
Chennai 600 113 by 31 July 1997. 


Edited and published by Prof. P. Balaram and Prof S. Ramaseshan, Current Science Association. Bangalore 560 080. 
Typeset by RD Typesetters, Bangalore (Ph: 3405672). Printed by Lotus Printers, Bangalore (Ph: 3380167). 
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National Centre for Biological Sciences 

Tata Institute of Fundamental Research 

P.O. Box 1234, IISc. Campus, Bangalore 560 012 
Telex: 0845-8488 TIFR IN, Fax: 080-3343851, Phone: 080-3345615, 3342816 

POST-DOCTORAL POSITIONS 

The National Centre for Biological Sciences (NCBS) has been established 
by the Tata Institute of Fundamental Research (TIFR). It is located on the 
campus of the Indian Institute of Science, Bangalore. 

A small number of Post-Doctoral fellowships tenable at NCBS are available 
each year. Applications from those with a Ph D degree or equivalent will be 
entertained throughout the year and will be considered in February and 
August. Applications should summarize recent research experience and 
include names and addresses of three persons who can be contacted for a 
critical evaluation of the applicant’s research. 

The following areas of research are pursued at NCBS; 

1. Papillomavirus transcription and assembly in cervical cancers and 
during skin differentiation (Sudhir Krishna) 

2. Dynamics of protein folding (Jayant Udgaonkar) 

3. Gene expression and regulation in the nervous system (Mitradas 
Panicker) 

4. Molecular genetics of olfaction (Gaiti Hasan) 

5. Ion transport through biological membranes (Mathew K. Mathew) 

6. Chemosensory genetics (Obaid Siddiqi) 

7. Development of the nervous system and muscles (K. VijayRaghavan) 

8. Computational neuroscience (U. Bhalla) 

9. Mechanisms of membrane traffic in ceils (S. Mayor) 

Applications may be sent to the Administrative Officer at the above address. 
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INDIAN INSTITUTE OF CHEMICAL BIOLOGY 

4. Raja S.C. Muliick Road, Jadavpur, Calcutta 700 032 

No. Admn-1 (3)/SCT/1/97 Dated: 19/06/1997 

ADVERTISEMENT NO. 1/97 


Applications are invited from the Indian citizens for the following posts in the Indian Institute of 
Chemical Biology, Jadavpur, Calcutta 700 032 under Council of Scientific and Industrial 
Research. 

1. SCIENTIST, GR-IV(2): 2 POSTS 

Scale of pay: Rs 3000-100-3500-125-4500 (plus allowances as admissible to Council 
employees). 

Post No.(i), Essential qualification: 

1 St class M.Sc. degree in Physical/Life Science, Ph.D. degree with at least three years of 
postdoctoral experience. Experience in Human Genetics/Genetic Disorder/Cancer Biology. 

Desirable qualification: 

Expertise in technologies involved in modern human genetic studies and identification of disease 
genes. 

Post No.(ii), Essential qualification: 

1st class M.Sc. or Ph.D. (Science) with at least three years experience in Nuclear Medicine 
Division. 

Desirable qualification: 

Applicant must have outstanding scientific record in the area of radiopharmaceutical development 
for nuclear Imaging. Expertise in transition metal chelate chemistry with special reference to 
technetium and rhenium is desirable. The applicant would be expected to develop independent 
and extramurally funded research programme. 

Age: 

35 years as on 30 June 1997. Relaxable in the cases of SC/ST/OB as per rule. 

Interested candidates may apply in the prescribed application form obtainable free of cost from 
the Controller of Administration, Indian Institute of Chemical Biology, 4, Raja S.C. Muliick Road, 
Jadavpur Calcutta 700 032 by sending a self-addressed envelope superscribing the name of 
the post applied for, affixing postal stamp worth Rs 2.50 (rupees two and fifty paise only). 

Complete application form along with copies of certificates/testimonials and Application Fee 
of Rs 25 (rupees twenty-five only) in the form of crossed IPOs drawn in favour of Indian 
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Institute of Chemical Biology, Jadavpur, Calcutta 700 032, should reach by 31 July 1997. 
Candidates belonging to SC/ST categories are exempted from payment of application fee. 

If the number of applications received for a post is large, the Screening Committee may adopt 
highest criteria for shortlisting candidates to be called for interview/tests. The decision of the 
Director, IICB, in this behalf will be final. 

Candidates invited for interview will be paid single 2nd class train fare from the place of their 
residence to Calcutta and back. 


GENERAL CONDITIONS 

1. Appointment to the post of Scientist Gr-IV(2) will be on contract for six years in the first 
instance. 

2. The name of post applied for and its serial number as appeared in the advertisement must 
be clearly indicated in the application form. Candidates applying for more than one post should 
send separate application for each post. 

3. These posts carry usual allowances as admissible under the Central Government Rules as 
applicable to the Council of Scientific and Industrial Research. 

4. Applications from the candidates working in Government Department, Public Sector 
Organizations and Government-funded research agencies will be considered only if forwarded 
through proper channel and with a clear certificate that the applicant will be relieved within one 
month of receipt of the appointment order. 

5. Relaxation in age limit, qualification and/or experience will be allowed only in case of 
exceptionally meritorious candidates, subject to approval of competent authority. Five years 
relaxation for SC/ST candidates is allowed. 

6. Mere fulfilling the minimum prescribed qualifications and experience will not vest any right in 
a candidate for being called for interview. The Institute reserves the right to call for interview 
only those candidates who in its opinion are likely to be suitable and will not entertain any 
correspondence in respect of other applications. 

7. Canvassing in any form/or bringing in any influence political or otherwise, will be treated as 
disqualification for the post. 

8. No interim enquiries will be entertained. 


Sd/ 

Controller of Administration 
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JAWAHARLAL NEHRU CENTRE FOR ADVANCED SCIENTIFIC RESEARCH 

Jakkur, Bangalore 560 064 


VISITING FELLOWSHIPS - 1997-98 


Advt. No. 10/97 


17 June 1997 


The Centre announces a programme to enable research scientists and engineers in educational 
institutions, R & D laboratories, etc. to spend up to 2-3 months in association with a member of the 
Facuity of the Centre. The Centre has its Faculty at Jakkur Campus, Bangalore, and Honorary Faculty 
members located at different leading institutions of the Country. The place of work of the Visiting Fellow 
will therefore depend on his research interests and the Faculty of the Centre with whom associated. The 
Visiting Fellow would be paid a consolidated honorarium of between Rs 3500/- and Rs 7500/- per month 
during the period in addition to round trip train fare between his place of work and the institution of the 
Faculty member. 

Research scientists and engineers in educational institutions, R & D laboratories, etc. with an interest in 
the broad areas of life sciences (molecular and developmental biology, chronobiology, evolutionary 
biology, biotechnology, genetics, ecology, behaviour, biomedical research and parasitology), chemical 
sciences (solid state chemistry, inorganic and physical chemistry, organic chemistry), physical sciences 
(theoretical physics, mathematical physics, astronomy & astrophysics, experimental areas), engineering 
sciences (chemical, metallurgical, computer science, fluid mechanics), mathematics or atmospheric 
sciences are invited to apply. 

Application forms may be obtained by writing to the Coordinator of the Centre in Bangalore for Fellowships 
during 1997-98. Awardees will be notified by 15 October 1997. 

Last date for receipt of completed application form is 29 August 1997. 


POST-DOCTORAL RESEARCH PROGRAMME IN 
Clj LIFE SCIENCES AND BIOTECHNOLOGY 
Indian Institute of Science, Bangalore 560 012 

(A Programme sponsored by the Department of Biotechnology, Government of India) 

Post-doctoral Research Associateships (Approx. 10 positions) are available for bright young scientists to 
work in the frontier areas of modern biology at different departments of the Biological Sciences Division 
of the Insitute. The Associateship is purely temporary and is tenable for a maximum period of 2 years 
starting from 1 October 1997. The award is given initially for a period of one year and it is renewable for 
the second year on satisfactory performance. 

Candidates holding Ph D degree in any branch of Life Sciences/Chemistry/Physics or M D, and a 
uniformly good academic background are eligible for selection. Also candidates who have already 
submitted the Ph D thesis but are awaiting the formal award of the degree are eligible to apply, but they 
will be appointed as Research Associates (Provisional) till they obtain the degree. Minimum consolidated 
emoluments for Research Associates will vary from Rs 4000/- to Rs 4500/- p.m. Single room 
accommodation will be provided in the hostel for the selected candidates. 

Candidates may apply on plain paper with biodata, list of publications (include reprints of important papers 
published), copies of degree certificates (B Sc, M Sc, Ph D), brief one-page synopsis of Ph D thesis, 2 
letters of references (academic) and a declaration by the candidate stating that in case selected for the 
associateship, he/she will complete the 2-year tenure of the programme. The interviews for the 
associateships wiil be held in lISc by the third week of September 1997. 

Applications should be addressed to Prof. K. P. Gopinathan, Chairman, Microbiology and Cell Biology 
Department, Indian Institute of Science, Bangalore 560 012, to reach him before 31 August 1997, 
should be clearly marked on the envelope as DBT Post-Doctoral Associateship. 
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INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and furth^, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss cun-ent trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary topics: science policy and administration; 
or some aspect of the application of science and technology to 
human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
ing 100 words, introductory paragraph(s), brief subheads at appro¬ 
priate places to point to what follows, illustrations that will help 
a general reader, and references. 

Review articles (not exceeding 5000 words) ai'e expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style. 
Research articles (not exceeding 4000 words) should report research 
results of fairly major significance. They should include an abstract 
not exceeding 100 words, introductoiy paragraph(s), and brief 
subheads. 

Research communications (not exceeding 2000 words) should 
contain important findings that are novel and of fairly broad 
interest. They should include a brief abstract and an introductory 
paragraph. Text should not be broken up under subheads. 
Correspondence includes letters, not exceeding 500 words, that 
are of general interest to scientists. All letters cannot be published. 
Scientific correspondence contains technical comments, including 
those on articles or communications published in Current Science 
within the previous six months. Letters may be reviewed and edited. 
Research news articles are intended to inform nonspecialists about 
recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be considered. Reviews 
that merely ‘list’ brief descriptions of the contents cannot be 
published. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
to relate to India. Illustrations are welcome. Brief items will also 
be considered. 

MANUSCRIPT PREPARATION 

Manuscripts should be typed double-spaced on one side of white 
bond paper (21x28 cm). The pages should be numbered con¬ 
secutively, starting with the title page and through the text, reference 
list, tables and figure legends. The title should be brief, specific 
and amenable to indexing. Not more than five keywords should 
be indicated separately; these should be chosen carefully and must 
not be phrases of several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text. All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines and technical terms 
should be defined. Tables and figures should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when absolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
measure should be metric or, preferably, SI. Methods should, as 
far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering, 
In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The correct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should be defined clearly in the legend. Primary 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 

References should be numbered in the order in which they appear, 
first through the text and then through table and figure legends. 
The following are examples of ways of writing references. 

1. Mukundan, T. and Kishore, K., Curr. Sci., 1991, 60, 355-362. 

2. Constantine, G., in Biology of Bats (ed. Wimsatt, W. A.), 
Academic Press, New York, 1970, vol. 1, pp. 319-322. 
Acknowledgements should be brief Footnotes are not allowed 
except to identify the corresponding author if not the first. 

Cover photographs. Good photographs (colour or black and white) 
that pertain to a submitted paper will be considered for use on 
the cover. Good prints and a legend should be submitted with the 
manuscript. In the case of a colour picture, a transparency will 
be required for printing if accepted. 

PROOFS AND PUBLICATION 

Two sets of galley proofs are sent to the corresponding author, 
A reprint order form accompanies the proofs. 
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Biodiversity of Western Ghats 

Adaptation or fitness of design, and 
diversity or variety of design are two 
hallmarks of life. There have been rapid 
strides in understanding both these fac¬ 
ets of life in recent decades. These 
advances have now focused our atten¬ 
tion on the diversity of life as a resource 
of tremendous economic potential; but 
also a resource that is being rapidly 
eroded the world over. While it is 
realized that the entire spectrum of 
diversity of life is of interest, particular 
attention is nevertheless being paid to 
certain groups of organisms. Amongst 
them are non-timber forest species in¬ 
cluding medicinal plants, endangered 
and threatened flora and fauna, and wild 
relatives of cultivated crops. India is 
especially rich in wild relatives of 
several groups of crops such as minor 
millets (e.g. ragi), major cereals (e.g. 
rice), spices (e.g. turmeric, cardamom, 
pepper) and of several pulse crops (e.g. 
Cajanus, horsegram and field bean). 
Indeed it was the spices of the hill chain 
of Western Ghats that brought Europe¬ 
ans to India, an event of much signifi¬ 
cance in shaping the course of modem 
world history. Today these Western 
Ghats are recognized as one of the 
eighteen hot spots of diversity in the 
world, and are therefore a focus of great 
scientific interest. ' 

The diversity of life on these Western 
Ghats was the theme of a symposium 
held in Bangalore to commemorate the 
birth centenary of Salim Ali. Salim Ali 
was undoubtedly the greatest of students 
of diversity of life of the Indian subcon¬ 
tinent of this century. While his studies 
of bird diversity spanned the entire 
subcontinent, Western Ghats was his 
special love. Many admirers of Salim 
Ali got together over a three-day period 
from 7 to 9 November 1996 to present a 
series of studies on the Western Ghats 
Biodiversity. The studies covered a 
range of organisms, habitats and issues. 
Prompted by this symposium we have 
compiled a set of papers representative 
of the ongoing work in the area of 
biodiversity in general and that in 
Western Ghats in particular in this issue 
of Current Science. 

Ever since the first use of the term 


In this issue 

‘Biodiversity’, there have been incessant 
efforts to develop objective estimates of 
different components of the diversity of 
the communities. Some of these have 
become very popular and been fre¬ 
quently used but there have been equally 
frequent comments on their inability to 
incorporate the biological heterogeneity 
of the constituent species. Two papers in 
this issue (Ganeshaiah et al. (page 128) 
and Pramod et al (page 122) present 
two different ways of fulfilling this 
lacuna of the existing indices. 

An important purpose of all our 
activities in evaluating and monitoring 
biodiversity is to conserve our natural 
habitats and the resources therein. How¬ 
ever, developing strategies of conserva¬ 
tion relies heavily on identifying major 
spatial and temporal patterns of change 
in biodiversity. Menon and Bawa (page 
134) and Subash Chandran (page 146) 
attempt to identify such patterns in 
Western Ghats using two different kinds 
of approaches. Using the Geographic 
Information System technique, Bawa’s 
group traces the major patterns of loss of 
biodiversity over a time period of 
seventy years in the Western Ghats and 
attempts to identify the possible factors 
driving these changes. They also illus¬ 
trate other uses of the GIS analysis in 
biodiversity monitoring, and in mapping 
the conservation value of habitats. On 
the other hand, Subash Chandran at¬ 
tempts to reconstruct the ecological 
changes of Western Ghats based mostly 
on the historical and archaeological 
records and, social and biological relics. 

Though ideally biodiversity as a 
whole needs to be conserved, the pro¬ 
hibitive costs associated prevent such a 
possibility and hence we need to 
prioritize the groups, populations and 
habitats that need immediate attention. 
But there are no easy ways of doing this. 
The paper by Pramod et al (page 156) 
offers objective ways of assigning con¬ 
servation values for species based on 
different criteria and tracking the habi¬ 
tats for planning conservation strategies. 
Similarly, Uma Shaanker and Ganeshaiah 
(page 163) report isozyme-based tech¬ 
niques for identifying populations for 
conserving the genetic diversity of a 
species. Based on their work on an 
important medicinal plant, they propose 


a new method of conserving the genetic 
diversity of forest species in their natural 
habitats. In another paper, Daniels (page 
169) comments on the possible difficul¬ 
ties that the taxonomic uncertainties 
pose while assessing the conservation 
status of the species. 

Identification of the factors driving 
the erosion of biodiversity, and the 
extinction of species helps in planning 
action for preventing further loss and 
extinctions. The paper by Lokesha and 
Vasudeva (page 171) reports their at¬ 
tempt in tracing the life history traits 
that predispose plants to become rare 
and endangered. 

Our understanding of the organiza¬ 
tion of species assemblages is yet 
incomplete and a set of papers address 
different issues of community structure 
in diverse systems. Basu (page 173) 
reports on the role of interference 
behaviour in structuring ant communi¬ 
ties of Western Ghats. While Bhatta 
(page 183) explores the distribution of 
Caecilians, one of the difficult groups to 
study. Easa and Shaji (page 180) report 
on the biodiversity of freshwater fishes. 
Ganeshaiah et al (page 188) address the 
diversity of trees species assemblages of 
shola forests in Western Ghats, 

Madhav Gadgil 
K. N. Ganeshaiah 
R. Uma Shaanker 


How to snuff out cancer cells? 

Orthodox treatment for cancer consists 
of excision of the growth, destroying the 
tumour using ionizing radiation of deci¬ 
mating the abnormal cells with drugs 
which interfere with their nutrition, 
metabolism or multiplication. Surgery 
and radiotherapy are best suited to 
localized disease. Anti-cancer drugs are 
appropriate for disease which has spread 
to involve multiple sites. Most often 
patients receive a combination of these 
therapies either simultaneously or 
sequentially. A side effect of radiation is 
that it also destroys the normal tissue 
surrounding Uhe tumour. Technological 
innovations such as stereotactic radio¬ 
therapy have, however, provided the 
means to delineate three-dimensional 
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perspective of the tumour and to reduce 
damage to the normal tissue. A problem 
with long-term treatment with drugs is 
that tumour cells develop resistance to 
them. Several new compounds like 
growth factors, hormones and modified 
forms of known therapeutic agents are 
being investigated in the search for less 
toxic, specific and efficacious anti¬ 
cancer agents. 

Though results with current treatment 
modalities are encouraging, limitations 
still persist. Multi-model therapies are 
logistically difficult. Both radiotherapy 
and chemotherapy are hampered by the 
narrow safety margin between toxicity 
for the tumour and toxicity to the 
patient. Many a time the complications 
are troublesome and even life threaten¬ 
ing. Moreover, many solid tumours do 
not respond to conventional manage¬ 
ment. 

Progress in understanding tumour 
biology has prompted oncologists to 
explore imaginative strategies for treat¬ 
ment of cancer. Recent approaches aim 
to rectify the molecular defects that 
transform normal cells into malignant 
ones, arrest the growth and destroy 
blood vessels which supply nutrients to 
the tumour or harness body’s own 
defenses against cancer. 

Several targets have been identified 
for treating cancer at the molecular 
level. These include the altered versions 
of normal genes that affect cell growth 
(oncogenes), genes that usually suppress 
the development of tumours (suppressor 
genes), genes involved in the repair and 
maintenance of integrity of DNA and 
gene products which are altered in 
quantity or structure in the cancer cells. 
Gene therapy intends to restore normal 
gene function by replacing the mutated 
genes with the normal ones. Inhibitors 
of altered enzymes in critical pathways 
and agents which block the synthesis of 
abnormal proteins are also employed to 
re-establish normal function in the cells. 
A fascinating point is that tumours with 
multiple molecular defects respond even 
when only one among these faults is 
corrected. 

Malignant cells can switch on the 
development of new blood vessels 
(neovascularization or angiogenesis). 
Neovascularization is a crucial step in 
the transition of a tumour to malignancy. 
It also promotes progression of the 


disease and its spread. Anti-angiogenic 
treatment aims at decreasing synthesis of 
angiogenic growth factors, increasing 
the production of angiogenic inhibitors, 
blocking the cellular enzymes that assist 
tissue migration, hindering the action of 
growth factors on endothelial cells lin¬ 
ing the blood vessels or suppressing the 
proliferation of endothelial cells. Several 
anti-angiogenic dmgs have been evalu¬ 
ated for toxicity, safety and efficacy in 
small clinical trials. They are likely to be 
used for long-term treatment since they 
have low toxicity and cancer cells do not 
appear to develop resistance against 
them. However, no anti-angiogenic drug 
has been approved for use in cancer 
patients. 

Yet another treatment option is 
immunotherapy. Nearly a century ago, 
William Coley, a surgeon in New York, 
observed regression of cancer in a 
patient who developed streptococcal 
infection of the facial skin. Coley 
devoted his entire life to lay the founda¬ 
tions of an immune-based therapy for 
cancer. He attempted to strengthen the 
general immune status of his patients 
(non-specific immunotherapy). New 
insights in tumour immunology have 
prompted attempts to activate specific 
components of the immune system. 
Antibodies against tumour antigens are 
being investigated as therapeutic agents. 
Humanized antibodies produced by 
refashioning mouse antibodies have en¬ 
tered clinical trials. Antibodies can 
themselves destroy the* cancer cells. 
They can also be used as vehicles to 
guide toxic agents (radioactive com¬ 
pounds, plant or bacterial toxins, en¬ 
zymes that convert a prodrug into a 
dangerous compound at the tumour site) 
to the tumour. Most impressive results 
with antibody-based therapy have been 
seen in patients with leukemia and 
lymphoma. 

Recognition of the importance of 
lymphocytes in tumour immunology led 
to vaccine therapies against cancer. 
What led to this approach was the 
discovery that patients with the malig¬ 
nant skin cancer melanoma had antibod¬ 
ies and lymphocytes which reacted with 
their own cancerous cells; which meant 
that these patients could launch a spe¬ 
cific immune attack against their tumour 
cells. Antigens recognized by T 
lymphocytes were soon isolated. The list 


of protein and peptide tumour antigens 
has rapidly grown over the years. All 
these molecules are candidates for pro¬ 
duction of vaccines. Products of 
oncogenes and tumour suppressor genes 
are also attractive targets for vaccines. 
The use of antigens presenting dendritic 
cells isolated from blood as cellular 
adjuvants and viral or bacterial vectors 
incorporated with genes which code for 
tumour antigens are promising tactics in 
vaccination against cancer. 

Another curative measure under scru¬ 
tiny is adoptive immunotherapy. The 
technique involves stimulating blood 
T lymphocytes by exposing them to 
tumour cells or antigens in vitro and 
then transfusing the treated cells back 
into the patients. The patient himself is 
the donor as well as the recipient of the 
lymphocytes. Steven Rosenberg and col¬ 
leagues at National Cancer Institute, 
USA pioneered the clinical trials with 
adoptive immunotherapy. They demon¬ 
strated that lectins and cytokines can 
also be used to activate peripheral blood 
lymphocytes. Lymphocytes incubated 
with the cytokine interleukin-2 generate 
a population of cells which can lyse 
cancer cells but not normal cells. Tu¬ 
mours resistant to standard chemo¬ 
therapy and radiotherapy were found to 
show the best response to these acti¬ 
vated cells. Interleukin-2 has serious 
toxic effects and some patients experi¬ 
ence severe respiratory, central nervous 
system and cardiovascular problems 
thanks to leakage of fluid into tissues 
resulting from damage to blood vessels. 
Adoptive immunotherapy does not have 
many enthusiastic supporters. 

Ashim Chakravarty and Shubra Jha 
report (page 201) encouraging results of 
adoptive immunotherapy in a mouse 
model with a malignant tumour of the 
connective tissue. They have used T 
lymphocytes activated polyclonally with 
concanavalin A and speculate: ‘the use 
of polyclonally activated T cells has 
possibly certain advantages’. 

Cancerous cells are notorious for the 
devious ways they devise to evade 
immune attack. Does adoptive 
immunotherapy have potential as an 
effective cancer cure? May be it has, as 
an adjuvant. 


C. C. Kartha 
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Impact factors - A note of caution 


The article by Endre Szava-Kovats and 
the write-up on it in the 25 May 1997 
issue emphasize the importance of ex¬ 
ercising caution in using citation indices 
in evaluating scientists. The danger in 
placing excessive reliance on these indi¬ 
ces and, when used, the need for nor¬ 
malizing them against several variable 
factors, are well-known. Although they 
are useful as one of the yardsticks for 
assessments, periodic warnings against 
over-reliance on citation indices are 
appropriate. 

What is more disturbing is the undue 
importance that appears to be given to a 
still cruder yardstick, namely, the im¬ 
pact factor of the journals that one pub¬ 
lishes in. It is certainly desirable to 
publish in reputed journals. Here again, 
normalizations are extremely important 
as in the case of the citation index. 
However, most often the tendency ap¬ 
pears to be to take simple numerical 
values far too seriously. Furthermore, to 
judge the value of a paper entirely or 
substantially by a numerical index at¬ 
tached to the journal in which it is pub¬ 
lished, is somewhat like judging a 
person by the clothes he/she wears, or, 
at best, by the company he/she keeps. 

Over-emphasis on impact factors has 
promoted a scramble for publication in 
a few top journals. Other considerations 
become relatively unimportant. These 


few journals certainly cannot accommo¬ 
date all the quality papers that are pro¬ 
duced. Then acceptance in them often 
becomes a matter of chance and, worse 
still, subjective factors. In some of 
them, normal peer review is preceded by 
a short-listing process based on ill- 
defined criteria, making the system less 
than objective. Furthermore, ■ immoder¬ 
ate reliance on impact factors has led to 
an unhealthy skewness in the realm of 
scientific publication. As in the star 
system in the show business, attention is 
concentrated on a few journals, at the 
comparative exclusion of a large num¬ 
ber of journals with reasonably high 
standards. 

Excessive reliance on impact factors 
is particularly inappropriate in third 
world countries like India. Admittedly, 
the number of high quality publications 
emanating from India is low. Even in 
the case of good work, it is well known 
that it is in general harder to publish 
from India than it is from the advanced 
countries. The article by W. Wayt Gibbs 
in the August, 1995 issue (pp. 76-83) of 
Scientific American is instructive in this 
context. In addition to scientific consid¬ 
erations, one wonders if apathy, preju¬ 
dice and commercial consideration in 
terms of circulation in different coun¬ 
tries, also come in the way of publica¬ 
tion of scientific results from countries 


like India in top journals. In such a sce¬ 
nario, the use of impact factor as a ma¬ 
jor criterion in evaluation could be 
counter productive. This may sometimes 
lead to unhealthy tendencies. I have 
heard it said that one way of getting 
publications in high-impact journals is 
to tag on to scientists in the West, irre¬ 
spective of whether a collaborative ar¬ 
rangement is genuinely needed or not. 

Lest I should be misunderstood, let 
me emphasize that it is certainly impor¬ 
tant for scientists to seek publications in 
highly reputed journals in their respec¬ 
tive fields. I myself, like other working 
scientists, have sought publication in 
such journals and have rejoiced when 
successful. But some numerical values 
associated with them should not be in¬ 
dices for instant assessment. There is no 
alternative to detailed assessment 
largely based on proper peer review. 
While impact factors could certainly 
form a component of assessment, the 
apparent current tendency to make 
judgements based wholly or substan¬ 
tially on them need to be discouraged. 

M. ViJAYAN 


Molecular Biophysics Unit, 
Indian Institute of Science, 
Bangalore 560 012, India 
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Science and society - New light from universities 


The sole objective of science is to un¬ 
derstand nature. Like art and literature, 
it is an urge to lift the man above the 
animal. It enriches and ennobles human 
life. It has profound impact even on the 
layman: The removal of our planet 
(Earth) from the centre of the universe 
by Copernicus, Galileo and Kepler, the 
discovery of universal gravitation by 
Newton, blood circulation by Harvey, 
the evolution of species by Darwin, and 
now the advent of interplanetary travel, 
the unravelling of the genetic code and 
the continued search for extra-terrestrial 
life (e.g. Mars Pathfinder Mission). 

In our egalitarian society, the excel¬ 
lence of a few may not sound demo¬ 
cratic. In a democracy the majority view 
prevails. The validity of a proposition or 
the correctness of a doctrine depends on 
the numeric strength of the people who 
support it. However, the soundness of 
an ideology is often inversely propor¬ 
tional to the popular support it com¬ 
mands. Creative ideas are suppressed or 
forestalled. We must come to realize 
that even common man considers the 
works of art, literature and science as 
not merely icing the cake but as the 
essence of human existence, This pro¬ 
vides a healthy climate in which all 
members of the society rejoice and de¬ 
light in the things that a small number 
of exceptional members are able to do 
without being questioned about its rele¬ 
vance. 

It is at the universities that much 
creative work has been done and appre¬ 


ciated. For the future too, we must look 
to the universities to maintain and im¬ 
prove the high standards of the past, to 
recognize and preserve for posterity and 
interpret the works of genius wherever 
they are found, to encourage excellence 
of all degrees in its students and faculty 
members. No act should belittle the 
striving for excellence. The central 
point is to find and support creative 
teacher scientists in the universities, the 
number of which is sadly on the decline. 
In my own Alma Mater, examples of 
Bhatnagars or Narlikars served as bea¬ 
cons for excellence in the not-too- 
distant past. All efforts should be made 
to restore a similar trend. Excellence 
cannot thrive on democracy. It must be 
borne in mind that .the centres of excel¬ 
lence or national laboratories cannot 
substitute universities which alone pro¬ 
vide fertile ground for the offspring to 
germinate and grow. The classroom 
lectures in the formative years of any 
student leave an indelible impression on 
what he ought to do in his future career. 

In a temple of learning, the under¬ 
standing should be enlightened and the 
character enriched. These virtues need 
to be given top priority. And the uni¬ 
versity campus in the post-independent 
era must return to a place where virtues 
of discipline and non-violence, should 
be written as with a sunbeam on every¬ 
one’s mind, let alone the students’. 
Consequently, students tend to realize 
‘Right to choose and wrong to shun’ as 
time progresses. Quality of life then 


assumes paramount importance and is 
never sold in the hands of those who 
profess and advocate for quality of liv¬ 
ing. In our own times, an intellectual is 
sadly a man who is intelligent enough to 
know which side his bread is buttered. 
And it is easy to swim with the tide. We 
must come to appreciate the intuitive 
knowledge of our ancients to derive 
some fundamental lessons. The knowl¬ 
edge acquired from teachers or from 
books is at most repetitive, imitative 
and derivative. Therefore, there seems 
to be an urgent need to help/encourage 
anyone committed to scientific pursuit 
even in this grim, rat-race societal sce¬ 
nario. And it can be accomplished by 
exceptional individuals recalling Bud¬ 
dha’s last words to his disciples, ‘Look 
not for refuge to anyone besides your¬ 
self. 

In conclusion, healthy society hinges 
on excellence. And democracy thrives 
on excellence and thereby inspires much 
as in the 8th century event. When 
Shankaracharya travelled on foot from 
Kerala to Kashmir and from Dwaraka to 
Puri, he was held in the highest esteem 
and reverence. Even today excellence 
helps society in the way as ‘A little light 
expels much of darkness’. 

B. N. Dwivedi 

Department of Applied Physics, 

Institute of Technology, 

Banaras Hindu University, 

Varanasi 221 005, India 
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Structure, dynamics and functions of complex systems'*^ 


There were talks introducing the basic 
ideas, quickly leading up to recent de¬ 
velopments in classical chaos (V. 
Balakrishnan, IIT, Madras); Protein¬ 
folding (P. Balaram, IISc.); Self- 
organized interface depinning (M. 
Barma, TIFR); Origin of life and bio- 
molecular self-assemblies (M. Vijayan, 
IISc.); Computers and intelligence (M. 
Vidyasagar, Centre for Artificial Intelli¬ 
gence and Robotics), and Self¬ 
organization and diversity in societies 
(S. Jain, IISc.). In his inaugural talk, R. 
Narasimha (IISc. and JNCASR) pre¬ 
sented some very recent experimental 
findings on the effect of volume (ohmic) 
heating on entrained fluid-flow, suggest¬ 
ing that the prevailing picture of turbu¬ 
lent mixing through progressive 
nibbling at the edges of the boundary 
layer may have to be replaced by a new 
one involving a combination of ordered 
motion, advective chaos and molecular 
transport. Also, numerical simulation of 
the flow due to volume-heating shows 
an enhancement of the short-wavelength 
spectral weight by several orders of 
magnitude due to the volume-heating. 
This calls for a deeper analysis, he said. 

There were also presentations cover¬ 
ing a wide range of complex phenom¬ 
ena - including neural network model 
for the kindling of focal epilepsy (C. 
Dasgupta, IISc.); Dynamical invariants 
of brain-activities (N. Pradhan, 
NIMHANS); Circadian clocks (M. K. 
Chandrasekharan, JNCASR); Genetic- 
algorithmic study of gene regulation, 
adaptation, evolution (N. Behera, IISc.); 
Flash learning (B. Joseph, Cochin Uni¬ 
versity of Science and Technology); 
Dynamical response of SOC models and 
earthquake prediction (B. K. Chakra- 
barti, Saha Institute of Nuclear Phys¬ 
ics); SOC in a digging myopic ant 
model (P. M. Gade, JNCASR); Dynam¬ 
ics of driven diffusive systems with 
quenched disorder (G. Tripathi, TIFR); 
Fluid membranes driving and driven by 
mobile pumps (S. Ramaswamy, IISc.); 


*A report of the Discussion Meetings on struc¬ 
ture, dynamics and functions of complex sys¬ 
tems organized jointly by Jawaharlal Nehru 
Centre for Advanced Scientific Research and 
the Indian Complex Systems Society at Banga¬ 
lore during 10-12 June 1997. 


Spatio-temporal chaos in 2D Fitz Hugh- 
Nagumo equation (R. Pandit, IISc.); 
Structure function of Burger and KPZ 
equation (M. K. Yerma, IIT, Kanpur); 
Fractals and fractions (K. N. Srivastava, 
Central University of Hyderabad); 
Solitary waves in liquid crystals (G. S. 
Ranganath, RRI); Structural transfor¬ 
mation in monolayers (K. A. Suresh); 
Modelling biochemical pathways (S. 
Sinha, CCMB); Parametric correlations 
in quantum chaos (Pragya Shukla, 
JNCASR); Squeezed biophotons 
(S. Kumar, North-Eastern Hill Univer¬ 
sity) and Population dynamics for two- 
prey one-predator model (S. K. Srivas¬ 
tava, NEHU). 

Deterministic chaos has become a 
paradigm for complexity of being and 
becoming. In his comprehensive over¬ 
view, V. Balakrishnan posed and an¬ 
swered the basic questions that arise 
with regard to complex systems. How 
do relatively simple laws lead to richly 
intricate structures? Why are such 
structures ubiquitous in the physical 
world? And how do such complex 
structures embody their own simple 
laws of organization? Much interest is 
now focused on nonlinear, spatially 
extended, driven, noisy systems. These 
systems (complex adaptive systems) 
display very interesting features such as 
spatio-temporal chaos, pattern forma¬ 
tion, edge-of-chaos complexity and self- 
organized criticality. A specific aspect 
of complexity is the complex dynamical 
behaviour associated with deterministic 
chaos in both conservative and dissipa¬ 
tive systems. The role of hyperbolic 
points in producing chaotic behaviour 
(exponential sensitivity to initial condi¬ 
tions, loss of information, etc.) was 
highlighted, with specific examples such 
as the homoclinic tangle in Hamiltonian 
systems and dense sets of unstable peri¬ 
odic orbits in discrete time maps. Meas¬ 
ures of chaos such as Lyapunov 
exponents and the Kolmogorov-Sinai 
entropy were described. The need for a 
statistical description of chaotic dynam¬ 
ics was brought out, and the role of the 
invariant density in mixing systems 
emphasized. Symbolic dynamics and the 
related concepts of generating parti¬ 
tions, Markov partitions, etc. were dis¬ 
cussed in relation to powerful statistical 


approaches to the analysis of complex 
dynamical behaviour. Some open prob¬ 
lems including the determination of the 
time-dependent distribution function in 
chaotic dynamics, and the possible ex¬ 
tension of the foregoing to quantum 
mechanical systems, were also men¬ 
tioned. 

As expected, the protein-folding 
problem attracted considerable atten¬ 
tion. Balaram explained that the prob¬ 
lem posed is two-fold - first, how the 
protein folds so true (the correctness of 
it) and second, how it folds so fast (the 
speed of it). The first involves determin¬ 
ing the tertiary conformation (the native 
state) given the primary structure, 
namely the amino acid sequence form¬ 
ing the long polypeptide chain, known 
in many cases much in advance from the 
exhaustive genomic databases. It in¬ 
volves cracking the stereo-chemical 
code - possibly a second genetic code! 
The second problem is one of kinetics 
of relaxation to the global free-energy 
minimum (or a small set of taxonomic 
minima nearly degenerate). Exhaustive 
random search would take astronomical 
time, while actually the natural proteins 
fold in seconds! This is the Levinthal 
paradox, now known to be almost ir¬ 
relevant in that protein folding involves 
an algorithmic search which is biased 
kinetically, guided plausibly by topo¬ 
logical invariants, and almost certainly 
informed by the evolutionary entrain¬ 
ment of favourable sequencing. A 
highly plausible mechanism envisages a 
moderately frustrating descent into an 
entropy-enthalpy funnel -• a hierarchical 
free energy-versus-configuration land¬ 
scape which is, of course, rough with 
misleading local minima. Initial descent 
dominated by entropy involves a hydro- 
phobic collapse into a molten globule 
which is relatively fast. Well defined 
secondary structures (a-helices and 
sheets) are favoured and retained as 
correct intermediates that facilitate fast 
folding. It was pointed out that the re¬ 
cently discovered case of the prion pro¬ 
tein (implicated in the mad-cow disease) 
emphasizes the difficulties of structure 
prediction and computer simulation of 
the folding process. 

Complexity of self-organization in 
biological systems is a result of long 
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acting evolution. Vijayan dealt with 
self-organization at two well-separated 
levels of biomolecular interactions and 
aggregation, one involving the molecu¬ 
lar alphabets of life such as amino acids 
and the other concerned with large mul¬ 
timeric proteins. Using results obtained in 
his laboratory on crystalline complexes 
involving amino acids and peptides, he 
showed that intrinsic interaction and ag¬ 
gregation propensities could have played a 
major role in chemical evolution and ori¬ 
gin of life, with particular reference to 
prebiotic polymerization, chiral discrimi¬ 
nation and the emergence of the first multi- 
molecular systems. He illustrated the 
symmetry principle in the quaternary as¬ 
sociation of subunits in multimeric pro¬ 
teins. Based on the results of the protein 
crystallographic investigations of his 
group, Vijayan demonstrated how the 
symmetry principle can sometimes be vio¬ 
lated. Furthermore, there could be interest¬ 
ing situations where small alterations in 
essentially the same tertiary structure could 
lead to large changes in quaternary asso¬ 
ciation. 

Self-organized criticality (SOC) is a 
paradigmatic mechanism for generating 
critical, or scale invariant, complex struc¬ 
tures in space (e.g., fractals) and in time 
(e.g., 1// noise) without fine tuning. Ca¬ 
nonical example being a sandpile, though 
approximate. In some cases, however, the 
spatio-temporal structure defies visualiza¬ 
tion as the structure is stationary only with 
respect to a reference (origin) that itself 
jumps around erratically over large dis¬ 
tances, necessitating a frame co-moving 
with the centre of activity so as to fix the 
correlated structure. Mustansir Barma 
considered one such model, the Sneppen 
model, for the interface at the depinning 
threshold on a 2D-lattice of randomly 
strengthed bonds (quenched disorder) as a 
result of extremal dynamics (i.e. invading 
the globally weakest bond) but conserving 
the interface length. An important result 
obtained was that the extremal dynamics 
generated an interface rougher than that for 
a random-walk model. This sort of struc¬ 
ture arises in an entire class of models 
including the Bak-Sneppen model of bio¬ 
logical evolution and diversity. Later, yet 
another model giving SOC was discussed 
by Prashant Gade that differed qualita¬ 
tively from the usual cascade models in 
that the rough landscape was generated by 
a single random walker digging according 
to a set of local rules. 


Bikas Chakrabarti introduced an interest¬ 
ing, and potentially important, idea of 
estimating the distance to a critical break¬ 
down from the measured and calculable 
dynamic breakdown susceptibilities and 
critical slowing down for a self-organized 
criticality. Earthquake prediction was 
contemplated. 

Evolution of and self-organization in a 
society of interacting selfish agents, fol¬ 
lowing individual mix of available pure 
strategies, updated constantly on the basis 
of pay-offs received from other agents, is a 
problem of great complexity and relevance 
to population biology and game theory. 
Sanjay Jain considered a multi-population 
variant of the governing replicator equa¬ 
tion and discussed its attractors. An attrac¬ 
tive feature was the emergence of 
specialization and diversity stable for suf¬ 
ficiently large population of agents in the 
society. 

The question whether or not a given 
computer can be pronounced intelligent is 
usually posed and answered operationally 
in terms of the universal Turing Test, or 
various generalizations thereof. This was 
shown to be inadequate for most purposes, 
and much too anthropocentric. It was pro¬ 
posed that a proper test of computer intel¬ 
ligence should be a test of its capacity to 
generalize on the basis of learning, or 
training, on a limited dataset, or set of 
particular examples - e.g. a multiplication 
table. Perfect learning is impossible and 
one must accept the notion of being 
probably, approximately correct which is 
operationally quite meaningful. 

Neural network model of the brain, with 
a large number of interconnected 2-state 
neurons (high/low levels of firing), up¬ 
dated asynchronously by testing for local 
threshold conditions (potentials), endowed 
with a Hebbian learning rule (plasticity of 
synaptic connections) and memory by 
attractors, captures many features of brain 
functioning. An insightful phenomenon 
here is the abnormal kindling of focal epi¬ 
lepsy - generating epileptic seizures in 
animals (but not in humans!) by repeated 
electrical or chemical stimulation. Chan- 
dan Dasgupta showed through simulation 
of a simple but biologically relevant model 
that kindling is due to the formation of a 
large number of excitatory synaptic con¬ 
nections through a Hebbian learning rule 
leading to sustained and synchronous fir¬ 
ing of the large number of neurons so in¬ 
volved. Its relevance to the nature of 
memory storage was discussed. 


Brain activity is well known to generate 
tell-tale electrical signals (EEG). N. Prad- 
han presented a detailed analysis of a 
multi-channel EEG record by analysing the 
sampled and digitized time-series for a 
possible chaotic dynamics underlying the 
brain activity. Measured correlation di¬ 
mensions and Lyapunov exponents could 
be correlated with various brain states like 
eyes-open, eyes-closed, deep sleep and 
seizure. Neurobiological significance of 
these correlates was discussed. Inadequacy 
of linear stochastic models was convinc¬ 
ingly pointed out. 

There was a memorable evening lecture 
by N. Mukunda (IISc) on Existence and 
Reality in Mathematics and Natural Sci¬ 
ences, aptly complementing and befitting 
the theme of the Discussion Meeting. With 
his characteristic clarity and precision, 
Mukunda presented a scholarly analysis of 
the deep question of the unreasonable 
effectiveness of mathematics in the 
physical universe. It was argued that the 
Kantian a priori synthetic status of 
mathematics can be re-interpreted con¬ 
sistently with the realization that ‘What 
is a priori for an individual is a posteri- 
ori for the species’. He also advocated 
the thesis that in the domain of the un¬ 
known, far too removed from the ‘world 
of middle dimensions’, mathematics 
may well be the only guide available - 
hence its evolutionary raison d’etre! Its 
evolutionary advantage is, however, yet 
to be fully comprehended. 

In his opening remarks, K. P. Sinha 
claimed that the problem of consciousness, 
like that of the origin of the universe, is 
one whose time has come. It is a valid 
object of enquiry that researchers in com¬ 
plex systems must not fight shy of. One 
could almost sense here A. B. Pippard’s 
well-known lament, The invincible igno¬ 
rance of physics’. He went on to boldly 
propose an astonishing hypothesis that a 
new degree of freedom may have to be 
introduced whose ordering in a complex 
environment (the neuronal brain) leads to 
the emergence of consciousness. 

In his closing remarks, N. Kumar 
stressed that the measure of complexity 
relevant to a highly evolved system is its 
logical depth which, unlike algorithmic 
complexity, is low both in the limit of high 
order as well as high disorder, and peaks 
somewhere in between-much like some 
strangeness of proportion. He illustrated 
this with the help of an artificial genomic 
sequence generated by a simple algorithm, 
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a re-write rule acting on a 4-letter alphabet, 
the Rudin-Shapiro sequence. He also 
wondered if the well-known phenome 
non of Shape Memory Effect (SME) 
observed in the Ni-Ti alloy, the Nitinol 
marmem, where a large-scale plastic 


deformation (phenotype) gets encoded 
into its microstructure (genotype), sug¬ 
gests a kind of allelogenetic regulation - 
Lamarck’s ghost! 

The discussion meeting concluded 
with holding a general-body meeting 


of members of the Indian Complex 
Systems Society. 


N. Kumar, Raman Research Institute, 
Bangalore 560 080, India 
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Bose condensation and the atom laser 


R. Srinivasan 

The fundamental constituents of matter 
have an intrinsic quantum mechanical 
property called the spin. The elementary 
particles, proton, neutron and electron 
each have a spin angular momentum of 
1/2 in units of hUn, where h is the 
Planck’s constant. An atom consists of a 
nucleus and some extra-nuclear elec¬ 
trons. The nucleus will have a spin de¬ 
pending on the total number of protons 
and neutrons in the nucleus. Some of 
the protons will have a spin pointing in 
one direction (i.e. +1/2) while others 
will have a spin pointing in the opposite 
direction (-1/2). The same holds for 
neutrons and extra-nuclear electrons. 
The sum total of the spins of all the 
particles in an atom will have some 
value which will be integral or half in¬ 
tegral. Since isotopes contain different 
number of neutrons, but the same num¬ 
ber of electrons and protons, the total 
spin of two different isotopes of the 
same element can be different. 

In a gas, a liquid or a solid, many 
identical atoms are put together. In a gas 
the interaction between the atoms is 
weak as the inter-atomic separation is 
large. In a non-interacting gas, one may 
consider the total quantum mechanical 
state of the gas to be made up of a prod¬ 
uct of individual one-particle states. The 
behaviour of the many body quantum 
mechanical state when two of the indis¬ 
tinguishable atoms are interchanged will 
depend on the total spin of the atom. If 
the total spin is zero or an integer mul¬ 
tiple of hllit, then the many body wave 
function will not change when two at¬ 
oms are interchanged. One consequence 
of this property is that any given single 
particle quantum state can be occupied 
by any number of particles in the sys¬ 


tem. Such a system is described by Bose 
statistics, first postulated by S. N. Bose. 
On the other hand if the atom has half 
integral spin then the many body quan¬ 
tum mechanical wave function will 
change sign when two atoms are inter¬ 
changed. In such a case a given quan¬ 
tum mechanical one particle state can 
only be occupied by zero or one particle 
in the system. Such a system obeys the 
Fermi-Dirac statistics. At very high 
temperatures the two statistics approach 
in behaviour classical statistics pro¬ 
posed by Boltzmann. However at low 
temperatures the two different quantum 
statistics predict different behaviour. In 
Fermi-Dirac statistics, at absolute zero 
all quantum states with an energy lower 
than a certain value J?f are occupied, 
each by one particle. All states with 
energy greater than are unoccupied. 
On the other hand in Bose statistics as 
the temperature is reduced, more and 
more particles can get into the one- 
particle ground state. This becomes an 
avalanche below a certain temperature 
Tc called the condensation temperature. 
Below Tc a macroscopic fraction of the 
number of particles occupies the ground 
state and this fraction increases as the 
temperature is lowered below Tc. This is 
a phase transition and is accompanied 
by a change in the specific heat at Tc. 
This transition is similar to condensa¬ 
tion in real space, though the condensa¬ 
tion in the Bose gas occurs in phase 
space consisting of the position co¬ 
ordinates and the momentum compo¬ 
nents of all the atoms. This distinctive 
feature of Bose statistics was pointed 
out by Einstein. 

Experimental attempts to see Bose 
condensation in a gas failed because at 


the densities prevalent under normal 
pressure, there is an attractive interac¬ 
tion between molecules of a gas. This 
attraction is strong enough to cause a 
vapour-to-liquid-phase transition to 
occur before the Bose condensation 
temperature is reached. In a dense liquid 
in which intermolecular interactions are 
strong, the theory of Bose condensation 
between the quasi-particles is consid¬ 
erably modified. The superfluid transi¬ 
tion seen in liquid "^He at 2.17 K is 
believed to be due to Bose condensa¬ 
tion, though no satisfactory quantitative 
theory has yet been worked out to ac¬ 
count for the properties of superfluid 
^He. 

To observe Bose condensation in a 
weakly interacting gas, one uses atomic 
vapours. In atomic vapours, two condi¬ 
tions are required: namely that (i) the 
density of the vapours be low (10*^ to 
10^"^ atoms/cc) to reduce considerably 
the interatomic interactions, and (ii) the 
vapours be cooled to temperatures be¬ 
low Tc which, at the above mentioned 
densities, is usually below 1 pK. Obvi¬ 
ously such vapours have to be produced 
in ultra-high vacuum (pressure « lO"*^^ 
to 10"^°mbars). To cool these atoms, 
one uses lasers. When the atoms are 
placed in a region in which appropri¬ 
ately tuned counter-propagating laser 
beams in three orthogonal directions 
meet, absorption and re-emission of the 
photons cause the atoms to lose their 
kinetic energy and to cool to a tempera¬ 
ture of the order of 50 pK. Such an ar¬ 
rangement is called the optical 
molasses. To trap the atoms for a suffi¬ 
ciently long time and to cool them to the 
above temperature, one uses a magneto¬ 
optical trap. In this trap a small mag- 
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Figure 1. Interference pattern for two expanding condensates observed after 40 ms 
time of flight for two different initial separations of the condensates. The fringe widths 
are 20 and 15 pm (Reproduced from Science, 1997, 275, 639). 


netic field gradient is combined with 
laser beams of suitable circular polari¬ 
zation in the optical molasses configu¬ 
ration. The magnetic field gradient 
produces a differential absorption of 
photons from the counter-propagating 
beams and this results in a force confin¬ 
ing the neutral atoms at the centre of the 
trap. 

A temperature of =^50 pK is still too 
high to observe Bose condensation. 
After switching off the laser beams, the 
atoms in the appropriate magnetic 
ground state are trapped in a magnetic 
field gradient. A suitable RF frequency 
is applied to switch the atoms to a dif¬ 
ferent magnetic ground state which can¬ 
not be trapped by the magnetic field 
gradient. The value of the frequency 
will depend on the magnetic field. 
Starting with a high frequency and 
ramping down the frequency, atoms 
having a large kinetic energy are as¬ 
sisted by the RF to escape from the trap. 
The remaining atoms achieve a redistri¬ 
bution of their kinetic energy by intera¬ 
tomic collisions and reach a lower 
temperature. When the temperature falls 
below 7c appropriate to the number 
density and mass of the atoms, a large 
fraction of the atoms goes into the 
ground state. The ground state corre¬ 
sponds to that in an anisotropic poten¬ 


tial and hence the atoms in the conden¬ 
sate should have an ellipsoidal spread. 
This Bose condensation has been seen 
by imaging the atoms by absorption of 
resonant fluorescent radiation. The first 
definite evidence for Bose condensation 
was obtained in the isotope ^^Rb by 
Anderson and co-workers^ in 1995 us¬ 
ing a time orbiting potential (TOP) trap. 
They had a maximum of 2000 atoms in 
the condensate when it was cooled much 
below the of 170 nK. 

Since then there has been consider¬ 
able improvement in the techniques of 
magneto-optical trapping and magnetic 
confinement. It is now possible to pro¬ 
duce Bose-Einstein condensates with 
10^ atoms. The magnetic trap used in 
the MIT, Cambridge, USA experiments 
is an loffe-Pritchard trap^. It is more 
anisotropic than the TOP trap. The 
trapped condensate looks cigar shaped 
in such a trap. By focussing an intense 
blue detuned laser beam from an argon 
ion laser at the centre of the trap, one 
can create two potential wells in which 
separate condensates can be formed. 
The separation between the condensates 
can be controlled by the power of the 
focussed beam. By removing the argon- 
ion laser beam and the confining mag¬ 
netic field, the two, condensates can be 
allowed to expand towards each other. 


This enables one to investigate the in¬ 
teraction between the condensates when 
they are allowed to overlap. 

Coherence of the Bose 
condensate and an atom laser 

It is believed that the Bose condensate 
will be coherent, i.e. the wave functions 
of all the atoms will have the same 
phase. But it is not clear if it will be so 
when the number of atoms in the trap is 
fixed. There were speculations 'that 
phase coherence will be lost due to 
inter-atomic collisions. The only way to 
find out if the condensate is coherent or 
not is to perform an interference ex¬ 
periment. 

Consider two independent light 
sources. Since the photons are emitted 
at random by spontaneous emission in 
each light source, there is no coherence 
of the photons from such a source. 
When the light waves from the two 
sources overlap, there is no interference. 
The total intensity at any point is the 
sum of the intensities from the two light 
sources. In a laser, on the other hand, 
the atomic transitions are stimulated by 
the photons present. In stimulated 
emission the photons are in step. So the 
light beam from each laser is coherent 
though the phase of the light beam may 
be dilTerent in the two identical lasers. 
Similarly, the phase of the condensate 
will be different in the two condensates. 
However, if the two condensates move 
with a relative velocity v, then the de- 
Broglie wavelength of atoms in one 
condensate relative to the atoms in the 
other condensate will be A = h/mv. Be¬ 
cause of this, in the region of overlap 
between the two condensates, the phase 
difference will vary with position, 
Where the two condensates are in phase, 
the total amplitude of the wave function 
will add. Where the two condensates are 
out of phase, the wave amplitudes of the 
condensates will annul each other. Since 
the density of atoms at any point is pro¬ 
portional to the square of the amplitude, 
one should have periodic variations in 
the density of atoms, with a spatial pe¬ 
riod given by A = h/mv. The group at 
MIT did such an experiment^ They 
produced two cigar-shaped condensates 
of sodium atoms and allowed them to 
expand towards each other for 40 milli¬ 
seconds after removing the trapping 
magnetic field. Using a probe laser 
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beam tuned to the resonant transition of 
the atoms, they imaged the overlapping 
region in absorption. Locations where 
the atomic density was large were im¬ 
aged as darker regions and locations 
where the density was low were imaged 
as lighter regions. They observed such 
interference patterns. The spatial period 
of the interference pattern was 20 pm 
when the two condensates were 32 pm 
apart. By varying the distance d between 
the condensates, they could change the 
velocity {v = d/t) and prove that the 
spatial period of the interference pattern 
corresponded to the deBroglie wave¬ 
length 2. This is a clear demonstration 
that the Bose condensate has a definite 
phase and that the phase is robust. 

In a photon laser there is a cavity 
resonator in which stimulated emission 
takes place and the photons are in 
phase. However for applications as a 
laser, it is necessary to bring out a frac¬ 
tion of the coherent photons out. In a 
laser, the mirror at one end of the cavity 


achieves this by partially transmitting 
the coherent beam of photons. If we 
want to build an atom ‘laser’ (i.e. a 
source of coherent atomic beams) we 
must devise a technique to couple out 
from the trap part of the coherent atoms 
in the condensate. The MIT group 
achieved this by using a suitable RF 
pulse"^. The RF pulse couples the atoms 
in the magnetically trapped state of the 
condensate to other magnetic states 
which are not trapped. These atoms, 
originally derived from the coherent 
condensate, leave the trapped region. By 
an interference experiment, it was 
shown that a beam of such atoms cou¬ 
pled out of the trap is coherent. Thus 
the Bose condensate with a suitable 
output coupler has successfully resulted 
in an atom laser, albeit a primitive one. 

With such an atom laser, one will be 
able to study phase coherence and su¬ 
perfluid behaviour over a range of par¬ 
ticle densities not accessible with liquid 
"^He. However for such applications one 


will have to increase the flux and sim¬ 
plify the design. The applications of 
such atomic beams will most probably 
be in precision measurements of funda¬ 
mental constants, atomic clocks, etc. 
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Glutathione-s-transferases activity in Macrobrachium lamarrei 
lamarrei during embryonic and larval development 


Glutathione-s-transferases (GST, EC 
2.5.1.18) are a group of multifunctional 
enzymes considered to play a vital role 
in the protection of cells against oxidiz¬ 
ing metabolites. They enhance the nu¬ 
cleophilic attack of glutathione on the 
electrophilic centre of a wide array of 
lipophilic molecules’’^ and are involved 
in the reduction of organic hydroper¬ 
oxides (selenium-independent glu¬ 
tathione peroxidase activity)^. The GST 
activity is well documented in verte¬ 
brate species'’, amphibians^ and fishes^’. 
A limited number of studies have been 
made on the activity of GST in inverte- 
brates^’^ The principle activity of this 
enzyme, in particular, during embryonic 
development remains uncertain. Since 
the young ones are fragile and extremely 
susceptible to any small change, they 
should have some intrinsic mechanism 
to overcome this change. Such a protec¬ 


tive mechanism may include the ex¬ 
pression of GST. Thus the detoxifying 
enzyme is quantified to understand how 
the aquatic animals develop to defend 
themselves against environmental evils 
right from the embryonic stage. 

Many works are available on these 
detoxifying enzymes in hepatic and 
extra hepatic tissues of different animals 
including man, during foetal and post¬ 
natal development^"’^, but little is 
known about the level of this enzyme 
during embryo development and their 
possible changes occurring in the tran¬ 
sition from embryonic to adult life’^"’^. 
The present investigation, therefore, was 
made to understand the specific activity 
of GST in the passage from embryonic 
to adult. In this regard the cytosolic 
fraction prepared from different stages 
of development such as egg, embryo, 
larvae and adult tissues of freshwater 


prawn Macrobrachium lamarrei lamar¬ 
rei was studied. 

The adult freshwater prawn M. 
lamarrei lamarrei was collected from 
Gundoor pond near Ti ru chi rap p alii, 
India. The ovarian development and 
spawning were allowed to take place in 
the laboratory. The spawned mother 
incubated the eggs in their brood cham¬ 
ber. The developing eggs of M. lamarrei 
lamarrei were grouped into five differ¬ 
ent stages following the colour varia¬ 
tions”^. Cytosol preparation of 
developing eggs, embryo and freshly 
hatched larvae, adult hepatopancreas, 
gill and muscle were obtained from 
the homogenization of 1 g sample of 
each type of tissue. Six replicate sam¬ 
ples from each tissue were suspended 
in 5 ml of 0.1 M sodium phosphate 
buffer at pH 7.0 and homogenized. 
The homogenates were centri¬ 
fuged for 60 min at 105,000 g. The 
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Table 1. GST activity in the cytosol of unfertilized egg, fertilized egg, larvae and different 
tissues of M. lamarrei lamarrei 


Stage/Tissues 

Specific activity 
pmoIes/min/mg(protein) 

t value 

Unfertilized egg 

0.092 ±0,0018 


Fertilized egg 

Stage I 

0.114 ±0.0047* 

4.38 

Stage II 

0.157 + 0.0021* 

8.38 

Stage III 

0.256 ±0.0079* 

12.20 

Stage IV 

0.307 ±0.0028* 

6.10 

Larvae 

2.200 ±0.028* 

64.60 

Aerated larvae 

2.850 ±0.016* 

20.30 

Adult 

Hepatopancreas 

1.070 ±0.031* 


Muscle 

0.403 ±0.002 

21.40 

Gill 

0.249 ±0.017 

23.25 


Each value is mean ± SEM of 6 determination. 
* Statistically significant P < 0.005, df- 5. 


supernatants were recovered for the 
measurement of enzymatic activity‘s. 

GST was assayed according to the 
method of Habig et aO'^ with 1-chloro- 
2, 4-dinitrobenzene as a substrate 
(CDNB is usually considered as a 
‘universal’ substrate which conjugates 
most GSTs). The standard assay mixture 
contained 0.1 M potassium phosphate 
buffer pH 6.5, 1 mM EDTA, 1 mM 1- 
chloro-2, 4 dinitrobenzene and a suit¬ 
able amount of enzyme source. The 
refeence cuvette contained the com¬ 
plete assay mixture with the enzyme 
replaced by water. The rate of reaction 
was followed by measuring the increase 
in absorbance at 340 nm using UV-vis 
spectrophotometer. Specific activities 
were expressed as pmoles of GSH con¬ 
jugated/mi n/mg protein. Protein concen¬ 
tration was determined by the method of 
Low^ye^a/.‘^ 

One-day-old larvae were maintained 
separately in two 5 1 fibre glass tanks 
with dechlorinated tap water. One tank 
with larvae was aerated vigorously for 
24 h and the dissolved oxygen was es¬ 
timated at the end of 24 h. The other 
tank was maintained simultaneously 
without artificial aeration. The, GST 
activity was estimated in both the ex¬ 
perimental and control larvae after 24 h. 

The results obtained were analysed by 
Student’s t test and a P value less than 
0.05 was considered to be statistically 
significant. 

. The GST activity values towards 1- 
chloro-2, 4-dinitrobenzene in M. lamar¬ 
rei lamarrei at different stages of devel¬ 
opment and the t value between 


subsequent stages along with the level 
of significance are given in Table 1. 
During the course of egg and embryonic 
development, a gradual increase of GST 
activity was observed. The maximum 
activity was found at the stage IV em¬ 
bryo, Such increased GST level with the 
progress of embryonic development in 
Bufo bufo and Salmo iridaeus has also 
been reported by Ilio et ai^. The in¬ 
creased level of GST observed in 
M, lamarrei lamarrei embryo may be 
used to protect the cell against oxygen 
metabolites like organic hydroperox¬ 
ides, i.e. GST has the ability to elimi¬ 
nate organic hydroperoxides^. A sudden 
increase of the GST activity in the 
hatched out M. lamarrei lamarrei larvae 
was about eight-fold higher than the 
enzyme activity measured at the previ¬ 
ous embryo stage. A similar sudden 
spurt in GST activity was also observed 
in amphibian development and the rea¬ 
son for this trend was initially un- 
known‘'^ Later it was suggested that in 
amphibians, this hike which occurred 
during the transition from the embry¬ 
onic to the adult stage, induces the ex¬ 
pression of GST to eliminate organic 
hydroperoxides; that a change from 
aquatic to terrestrial respiration may 
expose the animal to higher oxygen 
tension resulting in an increased forma¬ 
tion of toxic metabolites^. Similarly the 
developing prawn larva within the egg 
receives oxygen for respiration through 
a permeable membrane. When the larva 
hatches out, it is exposed to a hyper 
oxygen condition. Thus there will be a 
chance for the production of toxic me¬ 


tabolites in the larvae and hence to 
combat this situation excess GST may 
be produced. To substantiate the ob¬ 
tained result of higher GST activity in 
the eclosed larvae, an aditional experi¬ 
ment was conducted with and without 
artificial aeration. A significantly en¬ 
hanced level of GST was discernible in 
the prawn larvae exposed to hyperoxic 
conditions (artificially aerated and the 
saturated level was 12 mg/1 dissolved 
oxygen) when compared to the control 
(Table 1). A similar hike in total glu¬ 
tathione due to increased aeration was 
recorded in rainbow trout^‘‘. 

GST activity in the cytosol of differ¬ 
ent tissues of the adult M. lamarrei 
lamarrei is presented in the Table 1. 
The maximum GST activity was ob¬ 
served in hepatopancreas when com¬ 
pared to its muscle and gill because 
hepatopancreas is the major site for 
generating the detoxifying enzymes^. 
Similarly, higher GST level of liver was 
reported in Bufo bufo^^ and Salmo iri- 
daeus^''\ It is also interesting to note that 
a higher activity of GST was found in 
prawn larvae when compared to adult 
hepatopancreas. Aceto et al.^'^ also re¬ 
ported the highest GST activity in the 
fry stage of Salmo iridaeus while com¬ 
pared to the activity in adult liver. 

From this experiment it is pro¬ 
pounded that the significantly elevated 
level of GST may be a self protection 
against the toxic effect of compounds 
derived from oxygen metabolism. 
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Vertical transmission of white spot baculovirus in 
shrimps - A possibility? 


White spot syndrome has caused high 
mortalities and severe damage to shrimp 
culture industry in China^ Thailand^, 
Japan^, Taiwan"^, Indonesia and India^. 
The etiology of white spot syndrome has 
been well studied and confirmed to be a 
baculovirus called by different names as 
hypodermal haematopoietic necrosis 
baculovirus (HHNBV)^ systemic ecto¬ 
dermal and mesodermal baculovirus 
(SEMBV)^ penaeid rod-shaped DNA 
virus (PRDV)^ and white spot baculovi¬ 
rus (WSBV)^. 

Histopathological studies conducted 
in our laboratory (Figure 1) and else- 



Figure 1. Intranuclear inclusion bodies 
(arrow) in the hypertrophied nuclei of cu- 
ticular epidermal cells. Haematoxylin and 
eosin (H&E), x 1000. 


where^’"^’^ have consistently demon¬ 
strated that only ectodermal (cuticular 
epidermis, fore and hindgut epithelium, 
gills, nervous tissue) and mesodermal 
(lymphoid organ, antennal gland, con¬ 
nective tissue, haematopoietic tissue) 
origin tissues as the target organs for 
viral replication. Endodermal origin 
tissues (hepatopancreas and midgut) are 
not affected. Basophilic intranuclear 
inclusion bodies in the target organ cells 
are the diagnostic feature of WSBV 
infection. The specificity of WSBV to 
ectodermal and mesodermal origin tis¬ 
sues has been further confirmed by the 
recently developed highly sensitive di- 



Figure 2. Atrophied oocyte (arrowhead) and 
intranuclear inclusion-like bodies (arrow) in 
the affected oocyte. H&E, x 200. 


agnostic tools like DNA hybridiza- 
tion‘^'^‘^ and 

While examining large numbers of 
white spot syndrome-affected shrimps 
histopathologically, we have noticed 
interesting changes in the gonadal tis¬ 
sues in a small number of severely af¬ 
fected subadult tiger shrimp (Penaeus 
monodon). The ovary of the severely 
affected shrimps had atrophied oocytes 
and also had inclusion-like bodies in¬ 
side the affected oocytes (Figure 2) and 
in the connective tissue. Basophilic 
intranuclear inclusions were also ob¬ 
served in the epithelial cells lining the 
lumen of vas deferens in severely af¬ 
fected males (Figure 3). 



Figure 3. Intranuclear inclusion bodies 
(arrow) in the epithelial cells lining the lu¬ 
men wall of vas deferens. H&E, x 400. 
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Epidemiological analysis of white 
spot syndrome affected areas along west 
coast of India over the last two years 
has indicated mainly two distinct forms 
of the disease. Shrimp culture areas with 
previous history of the disease usually 
experienced acute outbreaks with heavy 
shrimp mortality. This may be largely 
because of the likely high viral load in 
the water. However, in new shrimp cul¬ 
ture areas with no previous history of 
the disease, a chronic form was ob¬ 
served, wherein the disease, when pres¬ 
ent, developed slowly with delayed or 
no mortality. The possibility of the virus 
entering into new areas through seed 
and taking a longer time for reaching 
infectious dose in the water through the 
disintegration of infected dead shrimps 
cannot be ruled out. Interestingly, cases 
of crop loss were observed due to acute 
outbreaks of white spot disease in such 
culture systems during subsequent 
crops. 

Horizontal transmission through wa¬ 
ter and feeding of infected shrimps have 
been suggested as the probable route for 
the spread of WSBV. Since the target 
tissues of WSBV are not prone to 
shedding, the virus dissemination would 
occur through disintegration of infected 
shrimps following structural damage or 
death. Non-involvement of tissues of 
endodermal origin rules out shedding 
and spreading through faeces as seen in 
the case of hepatopancreatic viral 
infections like monodon baculo- 
virus (MBV)'^ and baculovirus penaei 

Till date there have been no reports of 
vertical transmission of WSBV. The 
presence of intranuclear viral inclusions 
in the gonadal tissues of mesodermal 
origin strongly suggests the possibilities 
of vertical transmission of WSBV. Ver¬ 
tical transmission of virus in cultured 
shrimps has already been documented in 


the case of infectious hypodermal and 
haematopoietic necrosis virus (IHHNV) 
for which gonad is also one of the target 
tissues^^. IHHNV is quite similar to 
WSBV and affects cells of ectodermal 
and mesodermal origin in shrimp caus¬ 
ing eosinophilic intranuclear inclusion 
bodies. 

The presence of WSBV intranuclear 
inclusions in the gonads, epidemiologi¬ 
cal clues for introduction of WSBV to 
newer culture areas through seed and 
confirmed reports of vertical transmis¬ 
sion of IHHNV, strongly support the 
likelihood of WSBV transmission verti¬ 
cally. 
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New physics from HERA? 


D. P. Roy 

The HI and ZEUS experiments at the HERA e^p collider at Hamburg have recently reported some 
anomalous hard-scattering events, which could be indicative of new physics beyond the standard 
model. I have tried to discuss in a nonspecialist language the significance of this result for parti¬ 
cle physics along with its interpretation in terms of the currently popular extensions of the stan¬ 
dard model. 


Basic constituents of matter 

Our understanding of the basic constituents of matter 
has undergone two revolutionary changes during this 
century. The first was the Rutherford scattering experi¬ 
ment of 1911, which showed that the atom is made up of 
a compact nucleus (containing protons and neutrons), 
surrounded by tiny electrons. The second was the elec¬ 
tron scattering experiment of 1968 at Stanford, per¬ 
formed at a thousand times higher energy, which showed 
that the proton and neutron are themselves made up of 
tiny constituents called quarks. Both proton and neutron 
are composed of two types of quarks called up and 
down. Thus these quarks along with the electrons consti¬ 
tute all the visible matter of the universe. 

The electron along with its massless and neutral part¬ 
ner, neutrino, are called leptons. There are two heavier 
pairs of leptons as well as quarks. But they decay 
promptly into the light ones and hence do not occur 
freely in nature. All these quarks and leptons are fermi¬ 
ons, since they carry spin 1/2 in natural units, 

n = c=i, (1) 

where h and c denote Plank’s constant and the velocity 
of light. 

Basic interactions 

Apart from gravity, whose influence in the subatomic 
world is negligible, there are 3 basic interactions- 
strong, electromagnetic and weak. They are all gauge 
interactions, mediated by spin 1 particles called gauge 
bosons. The quarks have strong interaction, mediated by 
gluons, which is responsible for binding them together 
inside proton and neutron. This is analogous to the 
electromagnetic interaction between the quarks and the 
electrons, mediated by the photon, which binds them 
together in the atom. All the quarks and leptons includ- 
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ing the neutrinos experience weak interaction, which 
is responsible for nuclear decay. Unlike the strong 
and the electromagnetic interactions, which are medi¬ 
ated by massless gauge bosons, the weak interaction is 
mediated by massive gauge bosons called W and Z. The 
theory of these basic constituents of matter along with 
their gauge interactions is known as the Standard Model 
(SM). 

GeV to TeV energies 

It follows from the Uncertainty Principle that the 
smaller the distance to be probed, the larger must be the 
beam energy. Thus to probe inside a proton of dimen¬ 
sion about 1 fm (10"^^ cm), one needs an electron beam 
energy 

Eq > Tic/l fm i.e. Eq> I GeV, (2) 

where a GeV (Gega electron volt) is the energy acquired 
by the electron after passing through 10^ volts. It is 
customary to use the natural system of units\ in which 
case the GeV becomes a convenient unit for mass, en¬ 
ergy and momentum. The mass of the proton is about 
1 GeV. 

It is the multi-GeV electron beam energy that enabled 
the above-mentioned Stanford experiment of 1968 to 
probe the structure of the proton. Thanks to the colliding 
beam technology, we have seen a thousand fold increase 
of the invariant energy, from the GeV to the TeV scale, 
since then. The invariant energy corresponds to the en¬ 
ergy measured in the centre of momentum (CM) frame, 
which is the effective energy available for particle crea¬ 
tion. This has led to a string of discoveries over the past 
25 years. The charm and bottom quarks, the tau lepton 
and the gluon were discovered during the seventies, 
thanks mainly to the electron-positron colliders at Stan¬ 
ford and Hamburg. This was followed by the discovery 
of the massive W, Z bosons with masses 

Mw=^80GeV, Mz ^91 GeV, (3) 
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at the CERN proton-antiproton collider in 1983. Finally 
the last and the heaviest member of the quark family, the 
top quark with mass 

M, c- 175 GeV (4) 

was discovered at the Tevatron proton-antiproton 
collider at Fermilab in 1995. Thus we have seen all the 
basic constituents of matter by now along with the carri¬ 
ers of the basic interactions. Moreover the large elec¬ 
tron-positron (LEP) collider at CERN has made it 
possible to check the predictions of the standard model, 
including quantum corrections, to great accuracy. In 
particular the measured masses and widths of the W and 
Z bosons are in remarkable agreement with the predic¬ 
tions of the unified electroweak theory. 

What next? 

The story, however, does not end here. A consistent the¬ 
ory of the massive gauge bosons, W and Z, requires the 
presence of one or more scalar (spin 0) particles of 
comparable mass. These are called Higgs bosons. But 
the story does not end here either. In. the absence of a 
protecting symmetry, the scalar masses are driven to 
infinity by the quantum corrections! Thus to control 
these scalar particle masses, one invokes supersymmetry 
(SUSY) - a symmetry between fermions and bosons. 
This implies the existence of scalar superpartners of 
quarks and leptons as well as fermionic partners of the 
gauge and Higgs bosons, again in the mass range of W 
and Z bosons - i.e. around 10^ GeV (eq. (3)). Thus the 
Higgs and the SUSY particles represent minimal set of 
missing pieces, required for a consistent theory of fun¬ 
damental particles. Besides, the lightest SUSY particle 
(LSP) is a promising candidate for the dark matter of the 
Universe. Thus the immediate goal of particle physics is 
largely focussed on these particles. On the other hand, 
the long term objectives are the unification of strong 
along with the electroweak interaction in the form of a 
Grand Unified Theory (GUT) and ultimately to rope in 
gravity as well. But it is fair to state here that there is as 
yet no experimental evidence for Higgs or SUSY parti¬ 
cles, or for that matter any other form of new physics 
beyond the standard model. 

The HERA €~p collider 

The latest colliding machine is HERA at Hamburg, 
operating since 1993, where a beam of electron e~ (or 
positron e^) collides head on against a beam of proton. 
Most of the data so far has been taken with the fi"** beam. 
The beam energies are 28 and 820 GeV for the and 
proton, compared to which the corresponding particle 
masses are negligible. Thus the CM energy is 


4s = 2^[E;e^ = 2V2'8 x 820 ^ 300 GeV. (5) 

There are two detectors engaged in recording e'^p colli¬ 
sion events at HERA, named ZEUS and HI. HERA and 
ZEUS are named after the famous Greek deities 
(Hypertext Webster Gateway defines HERA as the sister 
and wife of ZEUSl), while HI has evidently a more 
mundane origin. 

The higher machine energy has made it possible to 
probe the quark and gluon distributions inside the pro¬ 
ton much more precisely at HERA than in earlier ex¬ 
periments. But more importantly, a recent analysis of the 
data collected by these two experiments during 1994-96 
has shown about 10 anomalous events, which could be 
suggestive of New Physics beyond the SM. The results 
were presented in a joint seminar by the two groups at 
Hamburg followed by a press report last February, 
which have recently been published^While the event 
sample is still very small, it has generated a good deal of 
excitement around the world along with a flurry of e- 
prints, of which only a partial list is given in refs 3-8. In 
order to discuss the significance of these events and 
their theoretical interpretation, it will help to briefly 
summarize the kinematics of ep scattering at HERA. 

Figure 1 shows a space-time picture of ep scattering, 
with time axis running vertically upwards. The positron 
interacts with a quark carrying a 4-momentum fraction x 
of the proton. Thus the invariant energy of the eq pair is 

M = 4s'X. (6) 

Over the hard scattering region of interest the measured 
quark momentum distribution inside the proton roughly 
corresponds to 

<x)-0.1,(M)- 100 GeV. (7) 



(«,) (h) 


Figure 1. Space-time picture of e’^p scattering (a), via photon and Z 
boson exchanges (SM), and {b), via a leptoquark state. 
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The squared 4-momentum transfer between the incident 
and outgoing positron (or quark) is denoted by This 
is related to the CM scattering angle 0* of the e-q pair 
via 

Q^ = yM\ y = (I - cos9*)/2, (8) 


i.e. 


0 < Q^< Ml 


(9) 


The SM interaction between the and the quark is 
the electroweak interaction mediated by the photon (y) 
and the massive Z boson exchanges as shown in Figure 
\ a. The dependence resulting from the y and Z 
propagators is 


day(M) 1 daz(M) 1 

d2^ " 2 ^’ d2" + 


( 10 ) 


The corresponding M-integrated scattering cross- 
sections will fall even faster with increasing because 
of the kinematic constraint (eq. (9)). 

In contrast, the presence of a heavy leptoquark state (a 
hypothetical particle coupling to lepton and quark), 
illustrated in Figure 1 b, would signal events which are 
clustered around a high invariant mass of the e-q pair 


M^M,q,x^M,^/5. (11) 

Moreover they would have a flat distribution as the 
sense of the original direction is lost after the formation 
of the leptoquark. In particular, a scalar leptoquark 
would have an isotropic decay and hence a flat 2^ dis¬ 
tribution via eq. (8). 

Each of the two HERA experiments shows an excess 
of high 2^ events over the SM prediction, indicating an 
anomalous hard component in e'^p scattering. 


High events 

The ZEUS experiment shows 5 events against the SM 
prediction of 2 for > 20000 GeV^. Moreover, the 
excess of 3 events are consistent with a common e'^q 
invariant mass M ^ 200 GeV. One of these events is 
shown in Figure 2. The inset on top clearly shows the 
scattered positron and quark-jet in the scattering plane, 
while the remaining proton fragments escape in the 
beam pipe. The bottom inset shows their back-to-back 
configuration in the transverse plane, as required 
for transverse momentum balance. The magnitude of 
their transverse momenta is shown in the lego plot as 
Et, i.e. 

-100GeV. (12) 

In fact from this figure one can easily reconstruct the 
rough magnitudes of M and Q^, It has evidently an un¬ 
likely kinematic configuration for SM scattering as it 



Figure 2. One of the anomalous high events from the ZEUS 
experiment. The top (bottom) inset shows the scattered positron and 
quark-jet in the scattering (transverse) plane. The lego plot shows the 
transverse energy distribution in azimuthal angle and rapidity 
(7/ = -In tan0/2). 



(GeV^) 


Figure 3. The distribution of the HI events showing an excess of 
7 events over the SM prediction of 5 for > 15000 GeV^. The ar¬ 
rows indicate the 7 events having common M = 200 ± 20 GeV. 


corresponds to a very hard quark (x — 0.5) and a back¬ 
ward e^q scattering in the CM frame (0* > 90°). 

The HI experiment shows 12 events against a SM 
prediction of 5 for > 15000 GeV^, as shown in Figure 
3. Moreover the excess of 7 events is consistent with a 
common invariant mass M = 200 ± 20 GeV, as indicated 
by arrows in this figure. Indeed the common mass and 
the flat distribution over a very wide range of 2^ 
suggestive of isotropic decay of a leptoquark state as 
discussed above. 

Contact interaction 

Apart from leptoquark production, there is another 
mechanism suggesting a flatter dependence than the 
SM. This corresponds to the exchange of a very massive 
particle between the positron and quark in Figure I a - 
e.g. a heavy gauge boson Z' occurring in many exten¬ 
sions of the SM. This is called contact interaction, since 
the exchange of a heavy particle is restricted to a tiny 
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range via the Uncertainty Principle. Clearly the 

resulting cross-section of eq. (10) will be flat in ^ for 
Mz> » However, this interpretation is disfavoured 
on three counts: (i) The size of the effect required to 
explain the HERA events seems to be larger than the 
upper limit placed on this quantity from LEP and Te- 
vatron collider data; (ii) It favours the standard M dis¬ 
tribution, as suggested by the measured quark 
distribution inside the proton (eq. (7)), instead of a 
clustering of events at a high value of M\ (iii) For the 
above reason, the M integrated cross-section falls sig¬ 
nificantly with increasing Consequently this inter¬ 
pretation of the anomalous HERA events is strongly 
disfavoured'^’^, although it may not be completely ruled 
out^ 

Leptoquarks 

The kinematic distribution of the anomalous HERA 
events clearly favours the formation and decay 
of a bound state in the e^q system - i.e. a generic 
leptoquark^"^. So it is natural to ask whether the various 
extensions of the SM discussed above can naturally ac¬ 
commodate such a leptoquark. The leptons and quarks 
are unified in GUT, which naturally predict leptoquark 
states both as gauge bosons and Higgs scalars. However 
the exchange of these objects in the GUT generally 
leads to lepton and baryon number (or equivalently the 
quark number) violating interactions, and in particular 
to proton decay. Thus the stability of proton implies 
these objects to be very heavy (Mu, > 15^^ GeV), which 
puts them far beyond the reach of present or foreseeable 
future experiments. 

A more plausible scenario for such generic lep¬ 
toquarks is the scalar superpartner of quark (squark) in 
the so-called R-parity violating SUSY model^"^. As 
mentioned earlier, these particles are expected to occur 
in the right mass range of a few hundred GeY. In gen¬ 
eral they can have both lepton and baryon number vio¬ 
lating Yukawa couplings and mediate proton decay. 
Usually these couplings are set to be zero by assuming 
R-parity conservation. Unlike the gauge couplings, how¬ 
ever, these Yukawa couplings are not connected to any 
symmetry consideration. Therefore one can assume a 
finite value for the lepton number violating coupling 
while setting the baryon number violating one to zero. 


The former ensures squark coupling to the e^q channel, 
while the latter prevents proton decay. Thus in the R- 
parity violating SUSY model the squark can masquerade 
as a leptoquark and account for the anomalous HERA 
events. The price one has to pay is that in this case the 
lightest SUSY particle (ESP) will no longer be stable 
and hence is not a candidate for the dark matter. It is 
equally possible, of course, that these generic lep¬ 
toquarks could have an origin outside the currently 
popular extensions of the SM. 

Concluding remarks 

The most plausible explanation of the anomalous HERA 
events within the SM is the statistical fluctuation of a 
small number of events into an unlikely configuration. 
Using the standard statistical methods, the probability of 
this fluctuation can be estimated to be less than 1% for 
each experiment^’^. This corresponds to nearly a ? sigma 
deviation, which is by no means a definitive signal for 
new physics. What gives credence to this result is, of 
course, its simultaneous observation in two experiments. 
Nonetheless one should bear in mind the risks of statis¬ 
tical fluctuation while dealing with so few signal events. 
The ongoing experiment at HERA is expected to double 
the data sample by the end of next year. Moreover, most 
of the new mechanisms for these events will imply visi¬ 
ble effects in the dilepton channel in the present and 
forthcoming Tevatron collider data. Thus one expects a 
clear picture to emerge in a year or two. 
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stress conditions for the Killari (Indian shield) 
earthquake 
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During the past six decades before the onset of the 
Killari earthquake of 30 September 1993, wide¬ 
spread occurrence of subterranean sounds accom¬ 
panied by micro-tremors were reported in Latur- 
Osmanabad-Paifbhani districts of Maharashtra state 
in the Soutl^hdian shield. From 1976 onwards, a 
doughnut pattern of seismicity (of these clusters) 
and/or swarms in the vicinity of Killari have been 
identified, which indicate nucleation of fault rup¬ 
tures under preparatory area of about 550 km^ near 
and around Killari. Within this, a quiescent area or 
gap of 280 sq km has been identified in the present 
study. A precursory period of one decade has been 
indicated by the enhancement of the seismic activity 
in the region. The occurrence of micro-tremors may 
be the signature of reactivation of old faults in the 
upper crust of the Deccan Volcanic Province of the 
Indian stable continental region. The analysis of 
stress conditions vis-a-vis the Coulomb-Navier crite¬ 
rion of failure indicates the necessity of the reduction 
of normal stress. This reduction of normal stress due 
to pore-fluid pressure, differential erosion or a 
combination of both (and thereby the uplift of the 
crustal blocks in the area) could be the possible cause 
of the occurrence of the Killari earthquake. 


The occurrence of the Killari earthquake of 30 Septem¬ 
ber 1993 in the stable continental region of the peninsu¬ 
lar India attracted the attention of seismologists all over 
the world mainly because of its enormous devastation. 
Immediately after the main shock, several scientists 
rushed to the affected area to investigate the cause and 
effects and some of them gave their opinion on the In¬ 
dian shield seismicity with regard to Killari earthquake 
of 30 September 1993 (refs 1-6). Although Deccan Vol¬ 
canic Province (DVP) is covered with the basaltic flows 
and many aspects about its tectonics remain unknown, 
several authors had attempted to delineate the old fault 
patterns by using the seismicity data^“^^ Before the oc¬ 
currence of the Killari earthquake, several micro-tremor 
activities accompanied by subterranean sounds had been 
taking place in this region, the data of which had been 
collected and compiled by different authorsThese 


authors have reported them as micro-tremor activities in 
and around Killari region, but no attempt has been made 
to identify them as precursory pattern for the earthquake 
of 30 September 1993. The importance of these repeated 
episodic observations of small earthquakes accompanied 
by subterranean sounds of natural origin is that they may 
be precursors to major earthquakes^^. The shallow dev¬ 
astating earthquake which occurred in the Killari-Latur, 
Umerga area on 30 September 1993, appears to have 
been caused by the strong upward moment of the up¬ 
lifted blocks^. Critical gradients of different geophysical 
parameters such as gravity, temperature and topography 
near the weak zones indiate nucleation for the earth¬ 
quake occurrence^It has been observed that DVP had 
experienced not only low magnitude clusters/swarms but 
also five significant earthquakes such as: Mahabaleswar, 
1764; Son-Valley, 1927; Satpura, 1938; Koyna, 1967 
and Killari, 1993 earthquakes of magnitude 6 and above. 
Identification of the seismicity pattern preceding these 
large earthquakes is not possible due to lack of observed 
data. Hence, the study of historical seismicity and its 
background level in the vicinity of the Killari earth¬ 
quake of 1993 plays an important role in understanding 
the occurrence of large earthquakes in the (cratonic) 
stable Indian shield. In the present study, reported data 
have been modelled in a systematic seismicity pattern 
and identified the failure conditions of the Killari earth¬ 
quake region. 

Seismotectonics of the area 

The area is covered by Deccan volcanics. The 
deccan volcanic flows are considered to have been out¬ 
poured onto the Dharwarian Peninsular gneissic 
basement of Precambrian age as fissure type eruptions. 
The thickness of the volcanic flow in the vicinity 
of meizoseismal area of the Killari earthquake is 
338 km and is mainly of tholeiitic composition^^. 
Most of the flows are massive, compact and fine¬ 
grained with vesicular and amygdaloidal traps. The 
vesicles, at places, are filled with crystalline chlorite 
and calcite and are occasionally rimmed with glass. 
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Figure 1. Seismotectonics of the study area with attendant historical seismicity for the period from 1764 to 1996 (after Ramalinges- 
wara Rao and Sitapathi Rao^ and also inclusive of recent earthquake data up to 1996 and base map after Ravi Shanker^^). 


A multidimensional porous medium, like zeolites, is also 
present at different depths in the vicinity of Killari 
earthquake region. 

The Latur area was identified in the seismic zoning 
map of Peninsular India as a future potential zone for 
moderately large earthquake of intensity V (ref. 18). 
Several blocks as shown in Figure 1 have been identi¬ 
fied in DVP^^, a set of four major NE-SW trending 
transverse fault systems (F 4 , F 5 , Fs and F 9 ) of regional 
significance, intersecting the old ENE-WSW trending 
‘SONATA ZONE’, NNW-SSE trending Cambay-west 
coast rift and NW-SE Godavari and Mahanadi rift sys¬ 
tem. Further, it has been observed that small earth¬ 
quakes occurred in the blocks, mild to moderate 
earthquakes on faults and moderately large earthquakes 
at the junctions of two or more blocks. The present Kil¬ 
lari earthquake occurred at the intersectioi| of two sets 
of faults NE-SW and NW-SE trending faults system 
(Figure 1). The background historical seismicity has 
been given in the figure from the database^’^\ 

Database 

In the present study, reported subterranean sounds 
(mostly felt) within the radius of 100 to 200 km from the 
Killari region are compiled and considered as micro- 
earthquakes of 1 to 3 magnitudes occurring at the shal¬ 
lowest depth of few hundreds of meters below the sur¬ 
face. These subterranean sounds (swarms) occur even 
after 3 years of occurrence of the main shock. The sub¬ 
terranean sounds at Bandgarwadi and Jagdalwadi well 
sites were also observed during 14 August 1995, 21 De¬ 
cember 1995 and 22 December 1995 (Indra Mohan, per¬ 


sonal communication). Very recently, mysterious sounds 
resembling a cannon ball thunder, baffled many people 
in the villages of Parli, Wadgoan, Aswalamba, Dadahari 
and Bendsur in the district of Beed in the month of 
September, 1996, which might be construed as a swarm 
type of activity of low magnitude of 0 to 1 . 

Reports on historical mild tremors from the villages 
Halberga, Hamnabad, Ghanpur, Ghandhari, Ujani and 
other parts of Maharashtra, have also mentioned subter¬ 
ranean sounds^^. Later, there was a recurrence of micro¬ 
tremor activity with subterranean sounds in the year 
1983. The subterranean sounds have been studied for 
the villages of Parbhani, Bhir, Nanded, Osmanabad and 
Latur Districts of Maharashtra state. Every effort has 
been made to collect data of the micro-tremors accom¬ 
panied by subterranean sounds in the area from different 
sources of earthquake catalogues and newspaper agen¬ 
cies for the present study. These reports were actually 
confined to very small area, sometime less than a kilo¬ 
meter radius, and were meticulously investigated by lo¬ 
cal geologists. 

Seismicity pattern 

The earthquake-affected Latur belt has been exhibiting 
micro-seismicity for quite some time (1962, 1963, 1967, 
1983, 1984 and 1993). Obviously, internal strain has 
been progressively building up all through the time\ 
Two sites, Salimba and Killari have also experienced 
subterranean sounds during October-November, 1992 
(which are shown as star and big solid circle in Figure 
2 b), On the basis of background level of seismicity in¬ 
formation, we have studied the space-time pattern of 
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Figure 2 a. Micro-tremors shown as solid circle of intensity III to IV 
M are plotted for a period 1934-1982. A tendency of seismicity 
pattern may be observed. 



Figure 2 b. A doughnut seismicity pattern of earth tremors during 
1983-1993 and showing NW-SE direction. Each solid circle indi¬ 
cates number of micro-tremors accompanied by subterranean sounds. 
Star indicates October ’92 to February ’93. Micro-tremors occurred 
before main shock in Salimba and Killari villages. 

this micro-tremor activity including subterranean sounds 
to delineate the possible zones of strain accumulation in 
the vicinity of Killari. A plot of the microtremor activ¬ 
ity, of intensities III and IV for two periods 1934-1982 
and 1983-1993 shows an oval-shaped seismicity pattern 
as shown in Figures 2 a and b respectively. The recur¬ 
rence of these tremors accompanied by moderate to high 
frequency of subterranean sounds in different localities 
cannot be labelled as local phenomenon. These sounds 
are manifestations of feeble tremors and are heard 
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Figure 2 c. A temporal variation of swarms/clusters in the vicinity 
of the Killari earthquake is shown as: Phases 1, 2, 3, 4, and 5. 


locally but the localities in which they have occurred are 
many and widespread'^. The micro-earthquakes are 
aligned in a particular seismic pattern. Although they 
occur sporadically in seismically active and inactive 
periods (1934-1993), they show a systematic pattern. It 
is noted that seismically inactive periods during 1954- 
1964, 1967-1974 and 1975-1982 are followed by 
micro-earthquake clusters accompanied by subterranean 
sounds without any significant earthquakes. Ten years’ 
quiescent period is observed during 1984—1993, which 
is identified as a precursory period for the large magni¬ 
tude Ms = 6.3 earthquake of Killari on 30 September 
1993. The reported sites are all falling in doughnut pat¬ 
tern of seismicity analogous to different authors 
With appearance of the so-called doughnut pattern, the 
seismic activity decreases near the focal regions of the 
great earthquakes termed as seismic gap and at the same 
time, there as an increase in activity around this quies¬ 
cent area^'. 

Plot of time versus space (latitudes), the micro¬ 
tremors/subterranean sounds data have been presented 
in Figure 2 c (each dot represents a large number of 
small micro-tremors). Five phases of seismic activity in 
space—time analysis have been inferred from Figure 2 c. 
Phase 1 represents about 200 small magnitude earth¬ 
quakes that occurred in the vicinity of the epicenter im¬ 
mediately prior to the main earthquake at Killari. Of 
these, 26 events were recorded at a seismological obser¬ 
vatory of the National Geophysical Research Institute 
during October-November 1992 (ref. 24). Phase 2 also 
represents the seismic activity occurring at faraway 
places (near Salimba) immediately prior to the main- 
shock of Killari and it perhaps represents the earthquake 
precursory crustal deformation induced activity. Phase 3 
is the zone of seismic activity in which earthquake 
swarms occurred before the appearance of the seismic 
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Figure 2 rf. After mainshock of Ms = 6.3, h = 6.5 km, the smoke and gas emanation in South and North east of Killari region, (after 
Rastogi and Rao ) are shown as open circles. 


gap. Observations revealed no micro-tremor activity for 
a period of approximately five decades (1934-1982) in 
this seismic gap (Figure Ic hatched area). Phase 4 rep¬ 
resents doughnut pattern seismic activity. Observations 
in four phases indicate the nucleation of the strong 
earthquake in the identified gap. Thus, in Phase 5, crus¬ 
tal stress gradually rises and activity over a wider area 
increases. It is interesting to note that within the dough¬ 
nut seismicity pattern, there were no reports of occur¬ 
rence of micro-tremors with subterranean sounds from 
the region between Bori and Killari (Figure lb). The 
micro-tremors reported are shown in figures as solid cir¬ 
cles. Absence of micro-tremor activity in Phase 5 is an in¬ 
dicative of stress build up in the area. Similar doughnut 
seismicity pattern was also observed in Baykal region of 
Soviet Union. During Phase 5, there will not be wide¬ 
spread incidence of micro-earthquakes in the doughnut 
area depending upon the nature of the main fault. 

Coulomb-Navier failure criterion 

Coulomb-Navier criterion of failure may be stated that 
at the point of failure, the maximum shear resistance of 


the material (shear strength) equals the shear stress on 
the plane of failure plus the internal frictional resistance 
(a„ [A,). The constant ^ is known as the coefficient of 
internal friction. The shear stress and the normal stress 
on a failure plane inclined at an angle 6 to the minor 
principal stress ay, where the major principal stress is 
an, are: 

■^.=ai±2jL_ai^cos2e, (1) 

, = 2H^si„2e, (2) 

where and cry are horizontal principal compressive 
stress and vertical stress respectively. The case of reac¬ 
tivation of existing faults varies with their orientation in 
the prevailing stress field. This is illustrated in an 
analysis of the condition for frictional reactivation of 
cohesionless faults obeying the simplified criterion^^. 

r = ^j(<T„-Pp), (3) 

where a„ and x are respectively normal and shear 

stresses to the existing fault; p/ is the fluid pressure and 
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^ is internal friction. If a material has no cohesion it 
depends entirely upon internal friction of the fault for its 
stability. The fault zone material may consist of clay 
gouge or montmorillonite at a depth of 6-8 km. It is 
tempting to speculate that the comparatively low level of 
micro-seismic activity generally observed in the top few 
kilometers may correlate with the depth extent of weak 
montmorillonite-rich gouge present in the fault zone^^. 
At Killari, the clayee and/or tuffy material may be pres¬ 
ent at this depth, which may have approximately 0.4 
frictional coefficient. 

In the case of Killari, the cohesive strength will be 
zero because of the presence of pre-existing fractured 
fault zone in which volcanic tuffy materials, etc. are 
filled, an is the normal stress at failure. We tried to 
analyse the stress conditions in the Killari earthquake 
meizoseismal area (Figure 3). The vertical stress ay can 
be computed by using the equation: 

ay = pgh, (4) 

where p is the average rock density in g/cc, g is the 
gravitational acceleration and h is the depth to the focus. 
The top basaltic layers of different soft and hard rocks 
are considered as one layer of 500 m average thickness 
having density 2.9 g/cc. This vertical stress due to ba¬ 
saltic layer is approximately 14.2 MPa loaded on an¬ 
other layer of gneissic basement of 6 km thickness. The 
vertical stress due to lower peninsular gneissic layer is 
computed as 162 MPa. The total vertical stress is thus 
176.2 MPa for 6.5 km. Three-dimensional intraplate 
stress distribution induced by topography and crustal 
density inhomogenities and the average plate tectonic 
stress beneath Killari region have been computed^^. The 
differential stress an-ay on the average is approxi¬ 
mately 42 MPa for 2 km depth. Further, they noted that 
the magnitude of this differential stress decreased with 
depth other than for 2 km. The corresponding differen¬ 
tial stress at 6 km is 11.7 MPa. By using the equations 
(1) to (4), we have computed an and ay at the Coulomb- 
Navier failure criterion. The Mohr’s diagram is drawn 
for the stresses prevailing at Killari meizoseismal area 
(Figure 2 b). The centre ‘C’ of the Mohr’s solid circle 
due to tectonic stresses and additional basaltic load is 
shown as circle with crosses. As evident from the 
Mohr’s diagram, this failure condition required reduc¬ 
tion in the normal stress to cause a main fault ruptured 
by Killari earthquake of 30 September 1993. This re¬ 
duction must have been brought about by pore-fluid 
pressure, differential erosion and thereby resulting in 
crustal uplift in the stress regime. The pore-fluid pres¬ 
sure, differential erosion and the consequent uplift of 
the crustal blocks in this stress regime, must have 
brought about this reduction in the normal stress of the 
order of 67 MPa. The effective normal stress 
(148.9 MPa), shear stress and the effective^ principal 

CURRENT SCIENCE, VOL. 73, NO. 2, 25 JULY 1997 


/ 



Figure 3. Mohr’s diagram indicating the Coulomb-Navier failure 
criterion. Pore-fluid pressure, differential erosion and gradual crustal 
block upliftment have reduced the normal stress by 67 MPa. 


Table 1. The principal stresses at h- 6.5 km have been computed 
by using Coulomb-Navier failure criterion for the Killari region and 
hydro-fracturing measurements made at Hyderabad, NGRF^ 


Parameters 

At Killari 
(theoretical 
computation) 

At Hyderabad 
(Hydrofracture 
experiment, NGRI) 

h Depth 

6.5 km 

6.5 km 
(extrapolated) 

Density of basalt 

2.9 g/cc 

- 

Granite density 

2.7 g/cc 

- 

Static frictional coefficient 

0.4 

- 

Normal stress 

148.9 MPa* 

- 

Max. principal stress 

226.9MPa* 

295.2 MPa 

Min. principal stress 

107.8MPa* 

162.5MPa 

Ratio = Gv/aii 

0.48 

0.55 

Radius of Mohr’s circle 

58.5MPa 

- 

Pore-fluid pressure 

67.0 MPa 

- 

Failure shear stress 

56.6 MPa 

_ 


Effective stresses during Coulomb-Navier failure condition only. 


stresses at failure condition can be represented by driv¬ 
ing the Mohr’s circle from the centre C to the new cen¬ 
tre C without changing the differential stress (diameter 
of the Mohr’s circle). 

A build up in the earth stress is generally relieved by 
frictional slip before an-ay becomes high enough to 
shear intact rock^®. In the case of Killari region, we have 
this situation of moderate differential stress of 67 MPa 
and high effective normal stress of about 150 MPa 
which favoured unstable stick-slip motion of different 
four faults. The computed values ay and an are in 
agreement with in situ stress measurements using hy¬ 
draulic fracturing for 176 m deep bore hole at NGRI, 
Hyderabad^^. The ratio of ay fan = 0.55 at Hyderabad by 
in situ stress experiment, compares well with Killari 
presumed value of 0.48 by theoretical computation for 
6.5 km depth (Table 1). 
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Discussion 

The drop in shear stress by about 15-20 bars is a neces¬ 
sary and sufficient condition to attain an unstable con¬ 
dition of faults in the cratonic regions and to meet the 
Coulomb-Navier failure criterion (Arch Johnston, pers. 
commun.). Thus, the above criterion might be one of the 
proper physical processes of earthquake preparation 
which have taken place for several thousands of years in 
the cratons in the shield areas. The leakages and/or per¬ 
colation of the terrestrial water through the volcanic 
flows around the nucleation of the expected 
faults/lineaments culminating at one zone near Killari, 
might be one of the factors for the occurrence of this 
large magnitude earthquake. A well-defined crustal con¬ 
ductor in the epicentral region of the Killari earthquake 
is present at an estimated depth of 6-10 km (refs 30, 
31). The conductor has been interpreted to be a fluid- 
enriched rock matrix. Further, it has been observed that 
the low velocity and high conductivity fluid-filled layer 
will enhance stress concentration in the uppermost brit¬ 
tle part of the crust, causing mechanical failure^^ The 
suppression of the seismicity in Antarctica and Green¬ 
land may be due to the load of the ice sheet which is 
attributed to the low level of differential stress of about 
11 MPa and ice sheet may not be allowing the flow of 
fluids into the underlying faults^^. The situation is quite 
opposite in the case of DVP of the Indian shield, result¬ 
ing in enhancement of seismicity where the flow of flu¬ 
ids in the underlying faults is expected. 

A landscape block diagram is prepared for the failure 
conditions of the different soft and hard basalts in the 
studied area prior to and during the earthquake of 30 
September 1993, The cluster and/or swarm occurrences 


in different villages (as shown in Figure 2 a and b) may 
be due to a failure of small fluid-saturated faults in 
due course of time. The doughnut pattern of a seismic 
activity with subterranean sounds is also shown in Fig¬ 
ure 4. Identification of the reactivation of three more 
fault segments due to impact of the main fault near Kil¬ 
lari, a place at which these segments culminate in 10- 
15 km radius^^, is also shown in Figure 4. They are re¬ 
verse (R), strike-slip (SSI), strike-slip (SS2) and normal 
(N) faults. The fault plane solutions of the aftershocks 
also indicate strike-slip faults (for shocks < 5 km) and 
reverse fault for relatively deeper shocks (> 5-15 km) 
(ref. 34). Older thrust sheets and fault gauge formed 
during previous episodes near the Killari deformed zone 
are also reported^^’^^. The above studies by different 
authors partly corroborate with the faulting mechanism, 
which is shown in the block diagram (Figure 4). Thus, 
the above four faults such as reverse, strike-slip 1, strike- 
slip2 and normal faults (collapse of top soil in the Kil¬ 
lari earthquake area) had occurred in the area with re¬ 
spect to time^^. 

Conclusions 

The Killari earthquake occurrence might be due to re¬ 
activation of old faults in the vicinity and showed defi¬ 
nite precursory elliptical shape of NW-SE direction of 
doughnut seismicity pattern of micro-tremors. The in¬ 
traplate stress conditions have been studied by using the 
Coulomb-Navier failure criterion. The effects of pore- 
fluid pressure, differential erosion and thereby crustal 
uplift in the vicinity of Killari have been studied. A pre¬ 
cursory period of 10 years is significant before the 
occurrence of the main shock of the Killari earthquake 



Figure 4. A sketch of landscape diagram (not to scale) for the occurrence of earth tremors with subterranean 
sounds around Killari mainshock and are also shown as stars (instrumentally recorded events) after-shock se¬ 
quence in depth section (Baumbach et R, Reverse; SSI, strike; SS2, strike-slip and N, normal faults 

with reactivation angle are indicated (After Ramalingeswara Rao^^). 
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of 30 September 1993. In the present study, all the re¬ 
ported micro-tremor data were used for the analysis. In 
the vicinity of Latur area, there were no seismic sta¬ 
tions/observatories for the study of micro-tremor activ¬ 
ity to represent them in a more authentic way. Hence, it 
is strongly felt that any outburst of micro-tremor or 
swarms in the Indian shield, should be considered seri¬ 
ously to record those events in time by deploying a 
number of seismic stations in the target area. In the pre¬ 
sent study, we have considered only authentic reports. 
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Species assemblages have been characterized 
in terms of numbers of individuals or various meas¬ 
ures of diversity such as species richness or evenness. 
We may characterize sets of such assemblages in 
terms of how widespread their constituent species 
are and how cohesive the assemblages are. In this 
paper we define measures of these properties termed 
ubiquity and hospitality respectively. We explore the 
distribution of these two parameters, as well as the 
more commonly used measures of diversity for a set 
of 132 bird assemblages censused with the help of 
one hour long transects of 100 m x 500 m to 600 m in 
21 localities covering 9 major types of habitats from 
across the entire length of the hill chain of Western 
Ghats in peninsular India. We find that while bio¬ 
logical parameters characterizing individual tran¬ 
sects are positively correlated amongst each other, 
various measures of ubiquity and hospitality form a 
distinct group of parameters positively correlated 
with each other, and physical parameters such as 
latitude and rainfall form a third independent group 
of positively correlated parameters. Hospitality and 
ubiquity thus turn out to be independent parameters 
providing biologically useful insights. For instance, 
montane evergreen forests and monoculture planta¬ 
tions both harbour species poor communities. How¬ 
ever those of montane evergreen forests are cohesive 
assemblages of restricted geographical distributions, 
while those of monoculture comprise species of 
widespread occurrence drawn from many different 
habitat types. 


Conserving the evolutionary heritage of diversity 
of life on earth is one of the major challenges of the day. 
Much as we would like to conserve the entire spectrum 
of genes, species, biological communities and their 
habitats, it is clear that choices will have to be made and 
certain components accorded higher priorities in the 
conservation effort. Leaving genes aside for the 
moment, such prioritization will have to be based pri¬ 
marily on attributes of species. In particular, species that 
are rare, either because of their narrow geographical 
range, narrow habitat preferences or low levels of local 
populations throughout would have to be given higher 
priorities\ 


In this investigation we explore one particular facet of 
this issue, namely the distribution of species that may be 
identified as rare (as opposed to widespread) species in 
the bird assemblages of the Western Ghats region, iden¬ 
tified as one of the 18 biodiversity hot spots of the 
world^. We also ask whether bird assemblages are to¬ 
tally random, being constituted as if by chance from 
species drawn from a larger pool, or whether certain sets 
of species have a significantly higher tendency for co¬ 
occurrence, either because of a common habitat prefer¬ 
ence, or a history of co-evolution^“‘\ Furthermore, we 
are interested in the question of whether there are as¬ 
semblages in which a large number of rare species tend 
to co-occur with a high degree of regularity. If that is 
the case then these assemblages would assume consider¬ 
able significance. It would then be important to identify 
the habitats of such assemblages and ensure that these 
are given a high priority in conservation efforts. We 
carry out such an exploration and conclude that montane 
evergreen or shola forests of higher altitudes of the 
Western Ghats are indeed such a habitat harbouring a 
cohesive assemblage of relatively rare species. 

Ubiquity and hospitality 

To address these questions, we need measures of an at¬ 
tribute at the species level, namely extent of rarity, and 
an attribute at the assemblage or community level, 
namely extent of cohesion, or, constancy of co¬ 
occurrence of constituent species. We term the former 
attribute, extent of rarity (or being widespread) of a 
species as ubiquity. For the present purpose we charac¬ 
terize it as the number of bird transects sampled by us 
from the Western Ghats in which a species has been re¬ 
corded. We use the term hospitality to characterize the 
extent of cohesion of species in any particular assem¬ 
blage. This is computed as follows: 

The overlap Oy between any pair of species i and j 
may be computed as: 

where Tij is the number of transects over which i and j 
occur together, and T,-, 7} are the number of transects 
over which species i and j occur respectively. This index 
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is same as the Jaccard index. Next the value of Q, the 
overlap expected by chance alone, i.e. if species i and j 
were to occur independently of each other is given by 

Cij = PiPj liPi + Pj - PiPj)> 

where p/ = Tj/T and pj = Tj/T; T being the total number of 
transects. We now define affinity as the departure of 
observed overlap from the overlap expected by chance, 
i.e. 

^ij — ~ Cy- 

This measure is independent on the level of sampling 
effort, unlike 0,y. Since both (1 - Otj) and (1 - C,y) vary 
between 0 and 1, the affinity Ay can vary from - 1 to 
+ 1, The affinity between species i and j will be zero if 
they occur independently of each other, and will take a 
positive value if they tend to occur together. If occur¬ 
rence of i implies a lower than random chance of the 
presence ofaffinity takes a negative value. It should 
be noted that Cy, the overlap by chance alone will have 


a high value if both species are widespread, and a low 
value if both are rare. 

Since Ay would be a measure of affinity or similarity, 
its value ranges from - 1 to 1, -Ay would be a measure 
of dissimilarity, which would also vary from - 1 to 1, 
and we define hospitality as 


// = _ifLizi±L_ 

{{rP' - n) / 2) ’ 

where n is the total number of species present of the 
transect. Hospitality would then take a low value if the 
constituent species have a high degree of affinity 
amongst themselves, constituting a cohesive set of spe¬ 
cies. It will take a high value if the constituent species 
are derived as if by chance from many different assem¬ 
blages, and have little affinity for each other. As we will 
see below, the primary montane evergreen shola assem¬ 
blages turn out to be cohesive, harbouring species with 



Figure 1. Sampling locations. Latitude, mean altitude, and mean rainfall in parentheses. 1, Bonakkad (8''38', 
300 m, 250 cm); 2, Cuttlam (9°, 1200 m, 150 cm); 3, Pooyamkutti (10°08', 200 m, 300 cm); 4, Eravikulam 
(10°20', 2100 m, 400 cm); 5, Topslip (10®26', 800 m, 180 cm); 6, Walayar (10°50', 100 m, 200 cm); 7, Dhoni 
(10°52', 200 m, 200 cm); 8, Meenvallom (10°57', 400 m, 400 cm); 9, Upper Bhavani (11®15', 1800 m, 
200 cm); 10, Muthappanpuzha (ir20\ 400m, 400 cm); 11, Mudumalai (ir50', 1000m, 200 cm); 12, 
Makuta (12°, 500 m, 500 cm); 13, Subrahmanya (12°70', 300 m, 400 cm); 14, Mala (13°20', 600 m. 400 cm); 
15, Kigga (13°24', 1000 m, 400 cm); 16. Neerelakoppa (13°35', 600 m, 300 cm); 17, Badal (14°20', 200 m, 
250 cm); 18, Sirsi (14°33', 600 m, 250 cm); 19, Koyna (17°30', 800 m, 600 cm); 20, Phansad (18°25', 300 m, 
400 cm); 21, Kalsubai (19°25', 800 m, 600 cm). 
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Table 1. Mean and standard deviation of 13 transect level attributes in different habitats 


Habitat categories 

Number of transects 

Total 

132 

M 

11 

E 

24 

F 

13 

D 

23 

S 

17 

P 

13 

H 

23 

R 

5 

Number of birds/transect 

Mean 

75.65 

56.09 

68.12 

66.53 

84.6 

72.44 

52.3 

106.08 

68.4 


s.d. 

44.84 

17.01 

23.97 

28.63 

39.61 

39.50 

38.39 

70.85 

20.55 

Number of species/transect 

Mean 

18.16 

14.09 

18.46 

18.92 

18.96 

17.88 

13.46 

21.39 

19.00 


s.d. 

5.96 

4.14 

4.92 

4.25 

5.32 

6.53 

5.61 

6.55 

4.69 

Rarified species richness (sp./ll ind.) 

Mean 

7.03 

6.37 

7.13 

7.40 

6.94 

7.02 

6.58 

7.27 

7,64 


s.d. 

0.96 

0.92 

0.90 

0.83 

0.94 

0.88 

1.14 

0.83 

0.48 

Exponential Shannon-Weaver index 

Mean 

11.45 

8.92 

11.88 

12.69 

11.52 

11.40 

8.63 

12.76 

13.34 


s.d. 

3.81 

2.33 

3.79 

3.52 

3.64 

4.05 

3.00 

3.64 

2.91 

Simpson index 

Mean 

8.22 

6.23 

8.55 

9.40 

8.22 

8.10 

6.37 

8.96 

9,83 


s.d. 

3.16 

1.48 

3.34 

3.41 

3.22 

3.09 

2.59 

3.00. 

1,62 

Fisher’s alpha 

Mean 

8.43 

6.42 

8.84 

9.57 

7.91 

8.05 

7.93 

9.33 

9.46 


s.d. 

2.95 

2.36 

2.95 

3.12 

2.06 

2.30 

4.54 

2.37 

3.08 

Evenness of species abundance 

Mean 

0.68 

0.67 

0.67 

0.70 

0.66 

0.67 

0.70 

0.66 

0.72 


s.d. 

0.11 

0.11 

0.10 

0.09 

0.13 

0.11 

0.14 

0.11 

0.04 

1-Proportion of most abundant species 

Mean 

0.27 

0.31 

0.26 

0.23 

0.28 

0.28 

0.32 

0.25 

0,22 


s.d. 

0.11 

0.07 

0.11 

0.08 

0.12 

0.10 

0.11 

0.10 

0.03 

Mean hospitality of a transect 

Mean 

-0.05 

-0.12 

-0.05 

-0.05 

-0.04 

-0.05 

-0.04 

-0.05 

-0.07 


s.d. 

0.03 

0.04 

0.01 

0.01 

0.01 

0.02 

0.01 

0.02 

0.02 

Median hospitality of a transect 

Mean 

-0.04 

-0.09 

-0.04 

-0.04 

-0.03 

-0.04 

-0.03 

-0.04 

-0.05 


s.d. 

0.02 

0.05 

0.01 

0.01 

0.01 

0.01 

0.00 

0.02 

0,02 

Mean ubiquity for all sp. of a transect 

Mean 

31.18 

20.98 

34.55 

34.56 

33.99 

32.98 

31.23 

28.98 

22.65 


s.d. 

7.50 

5.54 

4.59 

5.16 

5.60 

8.95 

5.51 

6.88 

4.36 

Median ubiquity/transect 

Mean 

25.44 

12.59 

29.63 

28.85 

28.15 

27.62 

23.92 

24.11 

19.70 


s.d. 

8.24 

3.49 

5.26 

6.11 

6.24 

10.91 

6.63 

6.07 

5.40 

Standard deviation of ubiquity 

Mean 

23.01 

22.48 

23.82 

24.76 

23.71 

23.61 

25.11 

20.68 

17.18 


s.d. 

4.30 

7.13 

2.76 

2.11 

3.24 

3.23 

4.89 

4.04 

2.78 


M, Montane evergreen shola forests with natural grasslands; E, Evergreen forests which include stunted evergreen forests of northern Western 
Ghats; F, Semi-evergreen forests; D, Moist and dry deciduous forests; S, Scrub/Savanna; P, Monoculture plantations (rubber, eucalyptus, wat¬ 
tle, tea and coffee); H, Gardens and avenues around habitation; R, Paddy fields. 


on an average iow levels of ubiquity and characterized 
by low values of hospitality. In contrast, man-made 
monoculture plantations such as rubber and eucalyptus 
tend to harbour species with on an average high levels 
of ubiquity and exhibit high values of hospitality. These 
two proposed measures, ubiquity and hospitality attempt to 
capture properties relating to diversity at the level of sets of 
species assemblages, in contrast to the commoner approach 
of looking at measures of diversity such as Shannon- 
Wiener index at the level of single assemblages. 

Materials and methods 

Bird assemblages 

The investigation centres on the hill chain of Western 
Ghats that runs parallel to the west coast of India over a 
distance of 1600 km. This is a tract of heavy rainfall, 
originally covered extensively by humid tropical forest. 
Its current landscape is a highly variegated mosaic of 
natural and managed ecosystems^. A total of 508 species 
of birds were reported from south western India which 
include 144 species of water birds also^. Our data is 
based on belt transects of between 500 m and 600 m in 
length covered at an even pace over a one-hour period 


between 0600 and 1000 h. Each transect passed through 
a patch of relatively homogeneous habitat. A transect 
involved recording of numbers of individuals of all birds 
sighted within 50 m on either side. A total of 132 such 
transects were undertaken between October 1995 and 
April 1996 in a total of 21 localities across the length of 
the Western Ghats (Figure 1). They involved a sighting 
of a total of 9987 birds belonging to 212 species. Water 
birds and the nocturnal birds were not sampled unless 
they occur by chance in the morning transects of the 
selected terrestrial habitats. The number of individuals 
sighted on a transect ranged from 11 to 259, with a 
mean of 75.7 and the number of species from 6 to 36, 
with a mean of 18.2. The number of transects on which a 
given species occurred ranged from 1 to 94, with a mean 
of 31.2. The resultant matrix of 212 species into 132 
sites of relatively homogeneous patches of habitats fur¬ 
nishes us with the basic data set. Each of these sites may 
be assigned to one of the nine habitat categories (see 
Table 1). 

Results and discussions 

This data set permits us to compute a series of standard 
parameters like diversity indices®"^® along with ubiquity 
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and hospitality characterizing each transect as given in 
Table 1. Habitat categories based on structural charac¬ 
teristics of plants may not necessarily support distinctive 
bird assemblages. We have explored this issue on the 
basis of computations of pairwise chord distances using 
chord index^^ between all pairs of transects. It turns out 
that the mean within category chord distance was lower 
than the mean with respect to all remaining categories in 
only three cases, namely, sholas, evergreen forests and 
paddy fields. In all other cases the mean distance with 
one or more of other categories was lower than within 
category. The most poorly distinctive bird assemblages 
in this fashion are those of monoculture plantations. In 
this case the mean within category distance (0.942) is 
greater than the mean distance in relation to evergreen 
forests (0.896), deciduous forest (0.901), semi¬ 
evergreen forest (0.905), scrub-savanna (0.921), grass¬ 
lands (0.936) and gardens (0.939). 

Attributes of bird assemblages 

Table 1 depicts the mean and standard deviation of val¬ 
ues of the 13 transect level attributes for the 9 habitat 
categories. Two of the forest formations, sholas and mo¬ 
noculture plantations are similar in harbouring low 
numbers of birds and low diversity assemblages. How¬ 
ever, while the mean ubiquity of bird assemblages of 
sholas is low, that of monoculture plantations is high. 
Correlated with this is the very low hospitality of sholas, 
and high hospitality of monoculture plantations. In other 
words, sholas harbour low diversity, but cohesive as¬ 
semblages of species of restricted occurrence, while 
monoculture plantations also harbour low diversity bird 
assemblages, but of widespread species, that occur in 
many other types of habitats as well. This substantiates 
Daniels et aLs^^ observation that monoculture 
(Eucalyptus) plantations have a larger proportion of 
generalist species. 

A notable contrast is provided by the habitat types, 
gardens and paddy fields. These habitats harbour both 
large numbers of individual birds along with large num¬ 
ber of species. At the same time, the mean ubiquity of 
species is lower than that of all types except shola. This 
implies that gardens and paddy fields have a core set of 
species restricted to these habitat types. In consequence, 
the hospitality is also rather low, suggesting that the 
assemblages of garden and paddy field birds are rather 
cohesive. 

Correlations amongst transect attributes 

It is of interest to examine the internal correlations 
amongst the values of 13 attributes computed for the 
132 transects; and in particular to assess whether the 
new measure, that of hospitality is closely related to 



Figure 2. Two-dimensional representation of 13 transect level 
community attributes and 4 site attributes, u. Mean ubiquity; a, Me¬ 
dian ubiquity; d, Standard deviation of ubiquity; h, Mean hospitality; 
0 , Median hospitality; e. Evenness; p. Population of birds; f, Fisher’s 
alpha; s, Species richness; c. Proportion of dominance; r, Rarefaction 
to 11 individuals; m, Simpson’s index; x, Exponential of Shannon 
Wiener index; t, Altitude; n. Rainfall; 1, Latitude; y, Number of dry 
months. 


some of the more standard parameters. Figure 2 displays 
these correlations in the form of a 2-dimensional scatter 
plot, obtained using metric multi-dimensional scaling 
analysis. The eight measures characterizing assemblages 
individually in terms of numbers of individuals and 
species diversity are positively correlated with each 
other and form a group on the right hand side. In con¬ 
trast, the five parameters characterizing sets of assem¬ 
blages, namely mean (and median) hospitality and mean 
(and median) and standard deviation of ubiquity are 
positively correlated with each other and lie together in 
the lower left quarter. Apart from these 13 parameters 
derived from the abundances of bird species, each tran¬ 
sect may also be characterized by its altitude, latitude, 
rainfall and number of dry months. These are correlated 
amongst each other because the higher altitudes of 
Western Ghats occur towards lower latitudes and be¬ 
cause rainfall decreases and number of dry months in¬ 
creases with latitude. In this 2-D scaling plot, these four 
physical parameters form a separate group in the upper 
left quarter. These physical parameters then do not cor¬ 
relate with community attributes like diversity and 
hospitality. 

It is then clear that hospitality is not a trivial conse¬ 
quence of diversity, but an independent property posi¬ 
tively correlated to ubiquity, i.e. how widespread the 
species in an assemblage are. It is useful to examine 
whether the hospitality of the observed data differs sig¬ 
nificantly from those of simulated random assemblages. 
We have done so on the basis of three kinds of simula¬ 
tions: (i) All 212 species have an equal chance of oc- 
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curring on any of the transects, with the total number of 
species per transect fixed between 11 and 30, with 10 
simulations of each level of species richness; (ii) One 
hundred simulations setting the distribution of species 
richness per transect as observed and (iii) One hundred 
simulations setting the distribution of ubiquity per spe¬ 
cies as observed. It turns out that the observed range as 
well as standard deviation of hospitality is significantly 
different from that of random assemblages created in 
any of these three ways. The observed mean is lower 
than in simulated assemblages, implying that real life 
bird assemblages do exhibit a measure of cohesion. 


Furthermore, the standard deviation of hospitality in 
observed assemblages is significantly greater, implying 
that the variation in extent of cohesion, as noted above 
between shola and monoculture plantations, for instance, 
is of real ecological significance. We also carried out 
one further check, namely, deleting bird species which 
occur on only one or two transects. It turns out that the 
computed hospitality values do not differ significantly 
from those computed by retaining the whole species 
set. 

Unlike species diversity or evenness, hospitality has 
no meaning as a property of single assemblages. Instead 



Number of transects 


Figure 3, Hospitality as a function of number of total transects considered for four different transects selected at random. 



Figure 4. Mean hospitality as a function of mean ubiquity. Labels as in Table 1. 
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it depends on the distribution of bird species over a 
number of assemblages. It is then necessary to check the 
minimum number of assemblages for which the value of 
hospitality stabilizes. To do so we can compute mean 
hospitality for different numbers of assemblages for as¬ 
semblages drawn randomly from the pool of observed 
assemblages. Figure 3 looks at this behaviour and sug¬ 
gests that the value of hospitality quickly rises up to 15 
transects and reaches an asymptote around 50 transects. 
With a sample of 132 assemblages, we are well above 
this limit. 

Range and cohesion 

Finally we look a little more closely at the correlation 
noted above between mean ubiquity and mean hospital¬ 
ity. In other words, assemblages with more widespread 
species tend to be less cohesive, and therefore more 
hospitable. Figure 4 illustrates this fairly tight correla¬ 
tion between mean'hospitality and mean ubiquity. How¬ 
ever, the correlation is by no means perfect, so that the 
concept of hospitality does have some additional con¬ 
tent. The lack of tightness is especially evident at the 
left hand end of low ubiquity. Here there are several- 
transects lying well below the overall regression. All 
these transects belong to shola forests. 

These outlying shola transects are geographically 
rather restricted being derived from two localities 
namely, Eravikulam and Upper Bhavani. It is possible 
that the low levels of ubiquity and hospitality of the 
shola assemblages may be a simple consequence of the 
restricted geographical range of this habitat type. To 
assess this possibility, we recomputed the ubiquity and 
hospitality levels for three other habitat types, namely, 
evergreen, deciduous and gardens by selecting in each 
case a smaller subset of transects derived from a simi¬ 
larly restricted geographical area within one degree of 
latitude. In none of these cases is there a lowering of 


ubiquity or hospitality levels of these other three habitat 
type to the levels displayed by sholas. 

We may then conclude that the geographically re¬ 
stricted bird assemblages of montane shola/grassland 
complexes are significantly cohesive. This is presuma¬ 
bly related to the fact that this high altitude habitat has a 
distinctive macroclimatic regime to which a limited 
number of species have adapted and perhaps coevolved 
over a long evolutionary time. These rather special as¬ 
semblages of bird species evidently merit attention as a 
focus of conservation effort. 
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A variety of indices are available to quantify the di¬ 
versity of biological communities. All these indices 
assume that biological diversity can be satisfactorily 
described by two major components viz., the number 
of species and their relative abundances. These indi¬ 
ces treat all species as equivalent and ignore taxo¬ 
nomic, morphological, or any such biological 
differences among species of a community. However, 
two biological communities with similar number and 
frequencies of species could differ, for instance, with 
respect to the taxonomic diversity of the constituent 
species. A common opinion among ecologists has 
been that any measure of biodiversity should incor¬ 
porate biological differences among species or the 
heterogeneity of the community as an important 
component. In this paper we propose a new measure 
of diversity, the ‘Avalanche index^ which in addition 
to species numbers and frequencies, also uses the 
biological and ecological differences among species 
comprising a community. The index attempts to inte¬ 
grate, over all possible species combinations, the 
biological differences among species in proportion to 
their frequencies in the community. We use this in¬ 
dex to measure the biodiversity of a set of samples of 
dung beetles and discuss its merits and problems 
compared to other indices that are being widely used. 


Measuring biodiversity of a habitat or community has 
been one of the central issues of ecology and conserva- 
tion biology both because of its academic necessity and 
because of its utility in devising conservation strategies. 
Nevertheless, measuring biodiversity has not been easy 
and has remained a challenging task even after 15 years 
of the first use of the term\ Though one of the simple 
methods suggested is to count the number of species in 
the habitat or community^, such an approach turns out to 
be too simplistic as it does not account for the extent of 
representation of each of these species in the commu¬ 
nity. For this reason, a wide variety of indices have been 
developed to describe diversity mainly based on the 
number, and frequencies, of the species; these indices 
differ only with respect to the weightages given to the 


second of these components while combining them into 
a single value^. 

The most popular and widely used measures are Shan¬ 
non’s, Simpson’s, and Fisher’s alpha-log series^ There 
is, however, a great deal of disagreement over their 
efficiency in reflecting the biological diversity^ One of 
the major problems is, they all assume that ‘all species 
at a site, within and across systematic groups contribute 
equally to its biodiversity’*. 

In other words, the existing indices ignore biological, 
ecological and functional differences among species. 
Consider two communities both with equal number (and 
similar frequencies) of species but one of them has all 
the species belonging to the same genus while the other 
has its species from different genera or families or 
orders. The latter community would be biologically 
more diverse because such taxonomic diversity among 
species would be associated with their morphological 
diversity or character diversity'^, and diversity in their 
ecological roles. Such diversity in taxonomic, morpho¬ 
logical and any biological features of the species of the 
community needs to be reflected in any measure of bio¬ 
logical diversity. Unfortunately, existing indices do not 
incorporate these components of diversity*’^; in fact it 
has been suggested that ‘a new calculus of biodiversity’ 
needs to be developed^. 

In this paper, we propose a new index for measuring 
biological diversity that can incorporate as many details 
of biological differences among the species of a com¬ 
munity as possible. The proposed index is constructed 
so as to reflect taxonomic, ecological, functional or any 
such biological differences among species of a com¬ 
munity in addition to the species richness and their rela¬ 
tive abundances. As a case study, we use this index for a 
data set on dung beetles and evaluate its merits with 
those of a few other indices being widely used. 

The Index 

The proposed index, ‘Avalanche Index’is based on the 
notion widely agreed upon that a community with cer- 
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tain number of species differing highly on taxonomic, 
morphological and any such features is more diverse 
than another community with same number and fre¬ 
quency but with more similar species^’^’^ Hence the in¬ 
dex was constructed such that interspecific differences 
within a community form an important component of the 
diversity. At the same time the proposed index also re¬ 
tains the features of the existing measures of diversity. 
Thus it has two components, viz. i) the distances among 
species of the community based on their taxonomic, 
morphometric and any such traits and ii) relative abun¬ 
dances of the species. Using these, the index arrives at a 
measure of biodiversity by integrating the product of the 
frequencies and the corresponding interspecific dis¬ 
tances over all possible species combinations. Thus the 
Avalanche index (AI) is given by 

AI = ^XWj)> (1) 

/=! 7 =] 


Table 1. Correlation of Avalanche index with other indices of di¬ 
versity computed for dung beetles collected from 12 samples of cattle 
dung around Bangalore. The values below the diagonal are the 
correlation coefficients 



S 

H' 

UD 

a 

AI 

Alt 

Aim 

Alf 

s 


HciK 



** 

* 



H' 

0.72 


** 

** 

** 


** 

^•-is 

VD 

0.51 

0.90 


* 


** 


** 

a 

0.98 

0.78 

0.62 



* 

!|<SK 


AI 

0.80 

0.96 

0.86 

0.85 





Alt 

0.56 

0.97 

0.92 

0.64 

0.92 



>!!* 

Aim 

0.80 

0.95 

0.84 

0.86 

0.99 

0.89 



Alf 

0.11 

0.94 

0.83 

0.80 

0.95 

0.90 

0.92 



*P< 0.05; 0.001. 

S, Species richness; H', Shannon index; 1/D, Simpson index; a, 
Fisher’s alpha-log series; AI, Avalanche index considering taxo¬ 
nomic, morphological and functional traits together; Ah, Avalanche 
index computed considering only taxonomic differences; Aim, Ava¬ 
lanche index computed considering only morphological differences; 
Alf, Avalanche index computed considering only functional differ¬ 
ences. 


where P,- and Pj are frequencies of ith and jth species 
and, 


d,j = 


L 


n1/2 


Vit=l 


( 2 ) 


Xik and Xjk are the values of the ith and jth species for 
kth character and c is the number of traits on which in¬ 
formation is available. Note that, as constructed, the AI 
essentially reflects the average distance between any two 
randomly chosen individuals of the community. The 
distance component dij increases with c and hence it 
might be appropriate, to use an average estimate of djj 
such that AI values across studies could be compared. 
However, for the present study we have retained dy as such. 


beetles, we used taxonomic, morphological and func¬ 
tional traits to measure the distances between any given 
pair of species in a sample (Appendix 2). Taxonomic 
distance (Xif,-Xjk) was considered one if the i and j taxo¬ 
nomic units being compared differed at species, two if 
they differed at genus and three if they differed at family 
level. Quantitative morphometric traits were measured 
on at least five specimens and averaged (Appendix 2). 
These measurements were converted to ^-scores for use 
in the calculation of the distance. Other qualitative traits 
were directly used (see Appendix 2). The traits termed 
‘functional’ were chosen so as to indicate the way the 
beetles use and colonize the dung - their resource. 
These traits were also scored on a qualitative scale. The 
distances between each pair of species were computed 
using equation (2) and the Avalanche index using equa¬ 
tion (1). 


A case study 

We attempted to evaluate the AI with others by compar¬ 
ing diversity of dung beetles in 12 samples of cow dung 
collected from rural areas between 19 October and 9 
March 1997. Only those pats aged 3-4 days were col¬ 
lected from fallow lands, around irrigation channels and 
other agricultural areas where cattle grazed regularly. 
The number of dung pats in each sample, species of 
dung beetles and their abundances are presented in Ap¬ 
pendix 1. Using this data, four diversity indices, viz. 
Shannon’s, Simpson’s, alpha-log series and Avalanche 
Index were computed for all the samples. 

Computation of AI 

The crucial step in computing AI is estimating the dis¬ 
tances among species. In the present study with dung 


Results and discussion 

AI was strongly correlated with other indices and so 
were other indices among themselves (Table 1), Such an 
association of the AI with other indices is expected be¬ 
cause it retains their basic feature by incorporating the 
frequencies of species in it. In fact as long as the com¬ 
parisons are made only at the species level (dij = 1, that 
is, if individuals differ at species level only) then the 
values of AI will be exactly similar to those of Simp¬ 
son’s index. The values of AI deviate only when the 
differences are considered above the species level or 
when other traits are also considered. 

The Avalanche index differs from others in that 
probably for the first time it incorporates information on 
the interspecific distances and hence the biological 
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Table 2. Diversity indices of the 12 samples of cattle dung pats 



1 

2 

3 

4 

5 

Samples 

6 7 

8 

9 

10 

11 

12 

Total 

Species richness 

• (« 

13 

12 

6 

10 

8 

7 

5 

5 

5 

3 

4 

6 

16 

Total abundance 

(AO 

199 

187 

131 

94 

146 

150 

119 

264 

178 

135 

59 

92 

1754 

Shannon index 

(.H') 

0.669 

0.660 

0.470 

0.764 

0.645 

0.207 

0.258 

0.383 

0.114 

0.139 

0.502 

0.582 

0.706 

Simpson index 

(1/D) 

2.621 

2.726 

2.130 

4.920 

3.646 

1.230 

1.371 

1.866 

1.108 

1.179 

2.898 

3,146 

3.183 

Log series 

(a) 

3.115 

2.857 

1.299 

2.832 

1.823 

1.523 

1.056 

0.874 

0.957 

0.543 

0.972 

1.437 

2.430 

Avalanche index 

(AI) 

3.52 

4.45 

2.45 

4.47 

3.63 

0.58 

1.03 

1.32 

0.32 

0.39 

2.10 

2.43 

3.068 

Taxonomic 

(Alt) 

0.81 

0.88 

0.70 

1.07 

1.00 

0.22 

0.34 

0.55 

0.12 

0.16 

0.87 

0.85 

0.905 

Morphological 

(AU 

2.86 

3.82 

2.18 

3.81 

2.71 

0.43 

0.71 

1.05 

0.23 

0.31 

1.62 

1.80 

2.375 

Functional 

(Alf) 

1.73 

1.92 

0.74 

1.70 

2.09 

0.28 

0.62 

0.58 

0.17 

0.17 

0.95 

1.33 

1.505 


Table 3. Mean, SD and coefficient of variations of different indices 
compared 


Diversity 




index 

Mean 

SD 

CV 

H' 

0.446 

0.225 

50.57 

1/D 

2.403 

1,160 

48.27 

a 

1.607 

0.869 

54.09 

AI 

2.223 

1.528 

68.74 


heterogeneity within each community. This is clear from 
samples 1 and 2 which have comparable Shannon indi¬ 
ces (0.67 and 0.66; Table 2) but differ with respect to 
AI (3.52 and 4.45; Table 2). This difference, we argue, 
arises from the ability of the AI to capture the inherent 
biological, morphological and functional heterogeneity 
among the species of the two samples. For instance, 
sample 2 has a relatively high frequency of Onitis 
Philemon (0.149 compared to 0.05 in sample 1) which is 
taxonomically and morphologically different from oth¬ 
ers in the sample (see Table 4), Consequently its AI is 
relatively high compared to that of sample 1 (Table 2). 
This is also evident from the AI computed based purely 
on taxonomic, morphological or functional distances. In 
other words, AI also brings out the diversity contributed 
by the biological differences (distances) among the 
species in the community. 

Further, AI also appears to have a better discrimina¬ 
tory ability among the samples. The coefficient of 
variation of the 12 samples was 69% for AI compared to 
54% for Fisher’s alpha-log series and 48% for Simp¬ 
son’s (Table 3). This means, AI helps in discriminating 
the communities more efficiently than other indices. 
Since this discrimination is a function of intra¬ 
community heterogeneity among species, it also helps in 
evaluating the biodiversity value of the communities. 
The discriminatory ability of the index is also evident by 
comparing the samples 10 and 11. The Shannon’s and 
Simpson’s indices of sample 11 were 3.6 and 2.5 times 
that of sample 10 while its AI is 5.4 times higher. 



Figure 1. Relation between frequencies and relative contributions to 
Avalanche index of the 16 species. The numbers refer to the species 
in Appendix I. The lower end of the graph is scaled up in the inset 
for clarity. The solid line from the origin indicates the expected con¬ 
tribution of those species whose distance to others is unity. 

Similarly, sample 5 is about 3 times that of sample 6 on 
Shannon’s and Simpson’s indices while it is about 6.3 
times higher on AI. However there are also situations 
where the differences between samples are narrowed 
down on AI compared to other indices (samples 2 and 
4). This would happen when the intra-community het¬ 
erogeneity among the species is relatively higher for the 
sample whose Shannon’s and Simpson’s indices are low. 
Sample 2 is less even than the sample 4 and hence its 
Shannon index is lower (0.67) compared to sample 4 
(0.76). Nevertheless the heterogeneity of species within 
sample 2 is higher which enhances its AI (see Appendix 
1). In other words,- the narrowing of the differences 
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Table 4. Matrix of distances between species of dung beetles 





Species 2 

3 

4 

5 

67 8 9 10 11 12 13 

14 

15 

16 

Mean 


1 

3.07 11.23 4.03 

7.59 

6.27 

5.9 

9.85 

6.98 

5.82 

8.21 

4.77 

6.28 

6.33 

4.78 

5.38 

6.43 

2 

10.18 2.74 

6.63 

5.03 

4.38 

8.89 

5.92 

4.42 

7.09 

3.89 

4.41 

4.59 

3.75 

3.75 

5.25 

3 

- 9.59 

5.88 

6.94 

8.93 

3.82 

5.37 

6.62 

4.45 

7.43 

7.02 

7.74 

8.24 

8.29 

7.45 

4 

- 

5.72 

4.42 

3.95 

8.64 

5.7 

4.64 

6.59 

4.21 

4.43 

3.8 

3.97 

3.62 

5.07 

5 



4.46 

5.61 

5.65 

3.53 

4.37 

3.69 

4.79 

4.51 

3.88 

5.09 

5.24 

5.11 

6 




2.61 

5.93 

4.1 

3.21 

4.55 

3.23 

2.94 

3.5 

3.26 

3.63 

4.27 

7 





7.87 

5.35 

4.15 

6.19 

4.02 

3.41 

3.43 

3.32 

3.8 

4.86 

8 





- 

4.9 

5.16 

4.24' 

5.99 

5.71 

7.19 

6.82 

7.11 

6.52 
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_ 

2.97 

2.44 

3.33 

3.53 

4.1 

3.97 

4.76 

4.46 
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- 

4 

1.92 

1.88 

3.75 

2.59 

3.44 

3.93 

11 








- 

4.38 

4.15 

4.95 

5.19 

5.36 

5.03 

12 









- 

2.69 

4.13 

2.23 

3.53 

4.04 

13 











3.16 

2.81 

3.01 

4.00 

14 











- 

3.67 

3.39 

4.51 

15 













3.38 

4.21 

16 

_ 












- 

4.55 



Figure 2. Distribution of 16 species of dung beetles based on their interspecific distances. The two axes 
derived by Metric Multidimensional Scaling analysis of the interspecific distances together account for 72% 
of the variance (Axis-1 : 60.80% and Axis-2: 11.10%). 


between communities might occur because AI weighs 
the biological heterogeneity of the community as well as 
the evenness of the species. 

It is also possible to estimate relative contributions of 
each of the species to the total diversity in AI and ac¬ 
cordingly estimate biodiversity value of the species in 
the community. This can be given by 

R(i) ^'^(PAjPj) I AI (3) 

Note that the R(i) increases both with the frequency 
(how common it is) and with the distance of the species 


with others. Such an estimate of contribution will be 
highly useful in evaluating the cost of losing that species 
to the total community diversity and also probably to the 
ecosystem as a whole. Though this might be possible 
with other indices also, their assumption of equality of 
species does not justify the estimated importance of the 
species. We have estimated the relative contribution of 
the 16 species to AI for the pooled data of dung beetles 
and plotted these against their frequencies (Figure 1). In 
Figure 1, all those species that are relatively distant 
(different) from others fall above the line while those 
that are relatively similar to others are expected to fall 
below the line. The Metric Multidimensional Scaling 
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analysis^ using the distance matrix (Table 4) shows that 
species numbered I, 8 and 3 are placed far away from 
the rest based on their distance to the rest of the species 
(Figure 2). Accordingly, though Onthophagus truncati- 
cornis (No. 15 in Figure 1) contributes highly through 
its frequency compared to Caccobius meridionalis, (No. 
1 in Figure 1) it is biologically more similar to other 
species (average distance to other species is 4.21; Table 
4; Figure 2) compared to the latter (average distance is 
6.43; Table 4). Consequently they contribute almost 
equally to AI. Similarly, Onitis philemon (No. 8; Figure 
1 inset) falls above the line compared to Onthophagus 
rectecornutus (No. 12), suggesting that it contributes 
substantially to AI despite its low frequency. In fact 0. 
philemon is biologically very distant to other species 
(average distance is 6.52; Table 4; Figure 2) compared 
to the latter (average distance is 4.04; Table 4; Figure 
2 ). 

We recognize two problems with the proposed index 
the way it is conceived. First, it presupposes that all the 
attributes combined to arrive at a distance are equally 
important, which might not be true because of the prob¬ 
able differences among the variances of the traits. 


Nevertheless, we have computed the z-scores for all the 
quantitative traits which might partly resolve this prob¬ 
lem. However, the computation of the distance does not 
account for the correlations that might exist among the 
traits. This could probably be addressed by the use of a 
suitable multivariate distance measure. 

Second, the proposed index is constrained by the ex¬ 
tent of the biological information available on species. 
In the absence of such information, AI could only be 
computed based on taxonomic differences. Since taxo¬ 
nomic distance is likely to be correlated with other dis¬ 
tances such as morphometric and functional, the AI 
based purely on taxonomic distances could well serve 
the purpose. When AI is thus computed purely on taxo¬ 
nomic distance, it is also possible to include the species 
across systematic groups and in this sense AI permits 
computation of diversity across any range of taxonomic 
groups from microbes to mammals by extending 
the taxon hierarchy to orders, classes, phyla and king¬ 
doms. Thus unlike other indices, AI integrates biologi¬ 
cal information of species and informs ‘...how different 
the inhabitants are from each other’ within a commu¬ 
nity ^ 


Appendix I. Relative abundances of 16 dung beetle species encountered in cattle dung pats sampled in different sites 

around Bangalore between 19 October and 6 March 1997 



Species 





Number of individuals 






1 

2 

3 

4 

5 

Samples 

6 7 

8 

9 

10 

11 

12 

Total 

1. 

Caccobius meridionalis 

119 

108 

1 

23 

59 

2 

10 

_ 

3 

- 

- 

14 

339 

2. 

Caccobius unicornis 

23 

2 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

25 

3. 

Copris indicus 

7 

7 

- 

1 

- 

- 

- 

1 

- 

- 

- 

- 

16 

4. 

Drepanocerus setosus 

8 

12 

21 

4 

2 

2 

- 

7 

- 

2 

- 

4 

62 

5. 

Liatongus rfiadamistus 

1 

3 

- 

- 

_ 

- 

- 

- 

- 

- 

2 

- 

6 

6. 

Oniticellus cinctus 

- 

8 

- 

3 

33 

1 

- 

22 

1 

- 

26 

2 

96 

7. 

Oniticellus spinipes 

- 


- 

- 

1 

2 

1 

- 

- 

- 

- 

3 

7 

8. 

Onitis philemon 

10 

28 

12 

18 

2 

- 

- 

- 

" 


~ 


70 

9. 

Onthophagus catta 

4 

- 

- 

1 

- 

- 

- 

- 

- 

- 

- 


5 

10. 

Onthophagus dama 

3 

2 

3 

17 

33 

1 

3 

- 

1 

- 

- 

- 

63 

11. 

Onthophagus pactolus 

- 

2 

- 

- 

- 

- 

“ 

- 

- 

- 

” 

- 

2 

12. 

Onthophagus rectecornutus 

4 

6 

8 

1 

3 

7 

4 

48 

4 

9 

20 

41 

155 

13. 

Onthophagus spinifex 

1 

1 

“ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2 

14. 

Onthophagus tarandus 

6 

- 

“ 

1 

- 

- 

- 

- 

- 

~ 

- 

- 

7 

15. 

On thop hag us trim cati c orn is 

11 

8 

86 

25 

13 

135 

101 

186 

169 

124 

11 

28 

897 

16. 

Sisyphus sp. 

2 

- 

“ 

- 

- 

- 

- 

- 


- 

- 

- 

2 


Number of pats/sample 

17 

8 

11 

9 

17 

10 

10 

10 

10 

10 

10 

10 

132 


Total species 

13 

12 

6 

10 

8 

7 

5 

5 

5 

3 

4 

6 

16 


Total individuals 

199 

187 

131 

94 

146 

150 

119 

264 

178 

135 

59 

92 

1754 
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Appendix II 

Morphological traits 

Length and breadth of the head 
Length and breadth of the thorax 
Length and breadth of the elytra 

Presence or absence of cephalic horns at four positions of the head (0/1)* 

Number of cephalic horns 

Presence or absence of thoracic horns(0/l)* 

Number of thoracic horns 
Height of the thorax 
Height of the abdomen 
Number of spines on fore tibia 

Functional traits 

Colonization stage: fresh (1), old (2) or very old dung (3)* 

Breeding habits: borrowers (1), tunnelers (2) and rollers (3)* 

Duration of association with dung pat from the time of colonization: 
short (1), medium (2) and late (3)* 

Number of dung types exploited by each species of beetle. 

* Qualitative traits. 
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The mountains along the west coast of peninsular 
India, the Western Ghats, constitute one of the 
unique biological regions of the world. Rapidly oc¬ 
curring land-cover and land-use change in the West¬ 
ern Ghats has serious implications for the 
biodiversity of the region. Both landscape changes as 
well as the distribution of biodiversity are phenom¬ 
ena with strong spatial correlates. Recent develop¬ 
ments in remote-sensing technology and Geographic 
Information Systems (GIS) allow the use of a land¬ 
scape ecology and spatial analysis approach to the 
problem of deforestation and biodiversity conserva¬ 
tion in the Western Ghats. Applications of this 
approach include analyses of land-cover and land- 
use change; estimation of deforestation rates and 
rates of forest fragmentation; examination of the 
spatial correlates of forest loss and the socioeconomic 
drivers of land-use change; modelling of deforesta¬ 
tion; analysis of the consequences of land-cover and 
land-use change in the form of climate change and 
change in distribution of biodiversity; biomass esti¬ 
mation; gap analysis of the effectiveness of the 
protected area network in conserving areas of impor¬ 
tance for biodiversity conservation; and conservation 
planning. We present examples from our work in the 
Western Ghats, in general, and in the Agastyamalai 
region and Biligiri Rangan Hills, in particular, as 
well as that of other researchers in India on various 
aspects of applications of GIS, remote sensing, and a 
landscape ecology approach to biodiversity conser¬ 
vation. 


The mountains along the west coast of peninsular India, 
the Western Ghats, constitute one of the unique biologi¬ 
cal regions of the world. The Western Ghats extend 
from the southern tip of the peninsula (8°N) northwards 
about 1600 km to the mouth of the river Tapti (21°N). 
The mountains rise to average altitudes between 900 and 
1500 m above sea level, intercepting monsoon winds 
from the south-west and creating a rain shadow in the 
region to their east. The varied climate and diverse to¬ 


pography create a wide array of habitats that support 
unique sets of plant and animal species. The level of 
endemism is high and the region is considered one of the 
world’s biodiversity hot spots. Apart from biological 
diversity, the region boasts of high levels of cultural 
diversity as many indigenous people inhabit its forests. 

The Western Ghats region, like other parts of the 
tropics, is undergoing rapid transformation. The defores¬ 
tation rate is high and forests are being transformed into 
agriculture and monoculture plantations. Hydroelectric 
projects, mining, and extraction of forest products are 
also altering the landscape. The changes in land use and 
land cover have profound consequences for the biodi¬ 
versity and economic well-being of the people. Although 
change in the Western Ghats is occurring at a rapid 
pace, the exact magnitude and patterns of change are not 
well understood. Moreover, drivers as well as conse¬ 
quences of change remain unexplored. 

Recent developments in remote-sensing technology 
and Geographic Information Systems (GIS) allow us to 
use a landscape ecology and spatial analysis approach to 
address the problem of deforestation and biodiversity 
conservation in the Western Ghats. The landscape ecol¬ 
ogy approach departs from traditional approaches by 
focusing on the structure, function, and spatial patterns 
of landscape elements and on changes in the landscape 
mosaic through time. Furthermore, this approach has 
numerous applications to conservation planning because 
the total area, patchiness, and connectivity of ecosys¬ 
tems and habitats, and their representation in the pro¬ 
tected area network are all important for biodiversity 
conservation. Moreover, the spatial data, when inte¬ 
grated with socioeconomic data, have the potential to 
reveal the complex role of social and economic factors 
underlying change. 

GIS are computer-based systems that efficiently store, 
retrieve, manipulate, analyse, and display spatial data 
according to user specifications^’^. GIS is used as a de¬ 
cision support system involving integration of spatially 
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referenced data in a problem-solving environment^. GIS 
is integrated with remote sensing systems in order to 
realize the full potential of both systems. Remote sens¬ 
ing systems collect vast amounts of biological and 
physical data on multiple dates, thus allowing both in¬ 
ventory and monitoring of the environment. Global Po¬ 
sitioning Systems (GPS) aid in the collection of ground 
data for rectification and processing of remotely sensed 
imagery. 

Detailed descriptions of the development and applica¬ 
tions of remote sensing technology, particularly in India, 
can be found in the Current Science special issue on 
Remote Sensing for National Development (1991) and 
Current Science Special Section on IRS-IC (1996). Un¬ 
der the auspices of India’s NNRMS (National Natural 
Resource Management System), satellite data has been 
used in agricultural crop acreage and yield estimation, 
drought warning and assessment, flood control and dam¬ 
age assessment, land-use and land-cover mapping for 
agro-climatic planning, wasteland, water resources, for¬ 
est resources, and marine resources management, urban 
development, and mineral prospecting'^'’*’. In their paper, 
Kasturirangan et al.^ forecast applications to biodiver¬ 
sity conservation as one of the areas in which remote 
sensing will play an important role in the future. 

Although this technology is readily available in India 
and India has been a leading developer in this technol¬ 
ogy, its use in landscape ecology and conservation of 
biodiversity has been very limited. Here, we demon¬ 
strate the use of these approaches in addressing prob¬ 
lems related to the patterns, processes, and 
consequences of deforestation and land-use change. This 
is not an exhaustive summary of such applications but is 
based primarily on some examples of work done by our 
group in the Western Ghats, in general, and in the 
Agastyamalai region and Biligiri Rangan Hills, in par¬ 
ticular, as well as that of other researchers in India. 
Applications related to patterns and processes of land- 
cover and land-use change include estimation of defor¬ 
estation and fragmentation rates, spatial correlates of 
forest loss and socioeconomic drivers of land-use 
change, and modelling of deforestation. Applications 
related to the consequences of land-cover and land-use 
change include estimation of climate change, biomass 
change, and biodiversity distribution, as well as gap 
analysis and conservation planning. Finally, we explore 
future research needs and directions in this field. 

Patterns of land-cover and land-use change and 
habitat fragmentation 

It is well-known that extensive deforestation has taken 
place in the Western Ghats during the last 100 years. 
However, the pattern and magnitude of this change re¬ 
main unknown. Spatial data from a variety of sources 


such as, topographic maps, thematic maps, aerial photo¬ 
graphs, satellite imagery, and field studies, can be in¬ 
corporated into a GIS to examine the spatial and 
temporal patterns of land-cover and land-use change as 
well as forest loss. Recent examples of studies quantify¬ 
ing land-cover and land-use changes in the tropics in¬ 
clude those by Stone et al^ in Brazil, Brown et alP in 
Malaysia, Liu et al} in the Philippines, and Sader ^ in 
Guatemala as well as studies by for the entire 

tropics. 

Besides quantifying forest loss, these datasets can also 
be used to quantify forest fragmentation which has seri¬ 
ous consequences for biodiversity conservation. In¬ 
crease in forest fragmentation gives rise to an edge 
effect with respect to microclimate changes, species in¬ 
vasion from surrounding vegetation, and the impact of 
surrounding anthropogenic activity^^ which can result in 
altered plant species composition within fragments. 
Furthermore, forest fragmentation affects the distribu¬ 
tion of large animal species by reducing their core 
habitat. Tilman et have demonstrated the negative 
effects of even a slight increase in habitat fragmentation. 
In their model, the more fragmented a habitat is, the 
greater is the number of extinctions caused by further 
habitat destruction. Habitat fragmentation accelerates 
extinction^'^ due to factors such as demographic and en¬ 
vironmental stochasticity, decrease in genetic heterozy¬ 
gosity, edge effects and human disturbance. Although 
several studies have examined the effects of fragmenta¬ 
tion on biodiversity, only a few studies^^’^^ have docu¬ 
mented time series changes in numbers and size of 
fragments in the tropics. 

Patch density, mean patch size, patch size standard 
deviation, and patch size coefficient of variation for 
forests and scrub can be compared between various time 
periods. Patch density and mean patch size serve as 
fragmentation indices for comparison between the two 
time periods. Patch size standard deviation measures 
absolute variation around the mean patch size. Patch 
size coefficient of variation measures variability as a 
percentage of the mean^^. 

We examined deforestation rates in the Western Ghats 
between the early and latter parts of this century^®. The 
study area comprised 19 districts covering a total geo¬ 
graphical area of 81,870 km^ within the states of Karna¬ 
taka, Kerala, and Tamil Nadu. A land-cover map for the 
earlier time period was digitized from 1:253,440 scale 
Survey of India topographic maps based on surveys 
conducted from 1909 to 1928. Land cover and land use 
during the late 1980s/early 1990s were digitized from 
1:250,000 scale Forest Survey of India forest vegetation 
maps produced from interpretation of 1987, 1989 and 
1991 satellite imagery (Figure 1). Over a 70-year period 
(1920-1990), 40% of the original natural vegetation 
(forests and scrub) was lost or converted to one of the 
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Figure 1. Land-cover and land-use patterns in the Western Ghats circa 1990. 


following landuse types: open/cultivated lands, coffee 
plantations, tea plantations, and hydroelectric reservoirs. 
Open/cultivated lands accounted for 76% and coffee 
plantations for 16% of the conversion. 

Deforestation has also resulted in extensive landscape 
fragmentation in the Western Ghats. The number of for¬ 
est patches in the study area increased four-fold (from 
179 to 769) with a simultaneous 83% reduction in aver¬ 
age forest patch size^^. The frequency distribution of 
perimeter/area (P/A) ratios of the forest patches in the 
two time periods (i.e. 1920 and 1990) is presented in 
Figure 2. Patches with smaller P/A ratios are less sub¬ 
jected to edge effects and are, in general, more suitable 
for biodiversity ..^nservation. The graph demonstrates 


not only that the number of patches had greatly in¬ 
creased in the second time period, but also that most of 
the patches have higher P/A ratios than did the patches 
in the first time period. 

Processes of land-cover and land-use change 

Spatial correlates of change 

Roads, reservoirs, and population centers can serve as 
indices of development and the correlation of forest loss 
with these indices can be determined with a GIS and 
spatial analysis approach. Buffer analysis (see ref. 8) is 
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Figure 2. Frequency distribution of perimeter/area (P/A) ratios of 
forest fragments in the Western Ghats during two time periods. 

one of the ways to examine the relationship of forest 
loss with the road network, reservoirs, and population 
centers. Buffer analysis involves the creation of buffer 
rings at equal (say 1 km) intervals around the road net¬ 
work or around population centers. Values for relative 
forest loss can be obtained as a per cent of the forest 
cover originally present in each buffer ring. A regres¬ 
sion model can be run with relative forest loss in each 
buffer ring (%) as the dependent variable and distance 
of buffer rings from roads (km) as the independent vari¬ 
able to test the hypothesis that relative forest loss de¬ 
creases as distance from indices of development 
increases. 

In a study on spatial correlates of deforestation in the 
Western Ghats^^, we found that roads and population 
centers are significant factors affecting forest loss. 
Relative forest loss decreased as distance from roads 
and population centers increased. There was no clear 
relationship of relative forest loss with distance from 
reservoirs. However, when we did separate analyses on 
reservoirs within forests and those outside the forests of 
the Western Ghats, we found opposite results. For the 
reservoirs outside the Western Ghats, deforestation de¬ 
creased as distance from the reservoirs increased. For 
reservoirs within the Western Ghats, there was an in¬ 
crease in deforestation as distance from reservoirs in¬ 
creased. The difference in the relationship of forest loss 
to reservoirs inside and outside the Western Ghats can 
be explained by the fact that reservoirs within the West¬ 
ern Ghats are established inside protected areas or, 
sometimes, protected areas are delineated around reser¬ 
voirs after they are built. Encroachment and conversion 
of forests to plantation occur at lower rates within pro¬ 
tected areas. Thus, reservoirs within the Western Ghats 
do not have the same relationship with forest loss as do 
reservoirs outside the Western Ghats. 
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Socioeconomic drivers of change 

Spatial correlates of change indicate the proximate fac¬ 
tors that influence land-use and land-cover change. Ul¬ 
timate forces influencing land-use change are rooted in 
social and economic decisions concerning the use of 
land, but our understanding of social and economic 
factors leading to forest loss remains poor. Most analy¬ 
ses of social and economic factors underlying defores¬ 
tation are based on cross-country analyses of 
correlations between a host of socioeconomic variables 
and deforestation rates (refs 19, 20 and references 
therein). Such analyses mask considerable variation 
within and among countries and only provide clues to 
the causal agents involved. Information about socioeco¬ 
nomic correlates and determinants of land use at the 
local level needs to be integrated with ecological data to 
fully understand the drivers of change. Such integration 
has not been often attempted, but GIS technologies 
make it possible to conveniently combine socioeco¬ 
nomic and spatial data, and we are in the process of ex¬ 
amining social and economic dimensions of land-use 
changes in the Western Ghats. 

Modelling deforestation 

Spatially explicit and dynamic landscape modelling is 
increasingly being used to predict future deforestation 
based on past and current patterns and drivers of defor¬ 
estation. For example, GEOMOD2 is a spatially explicit 
model which simulates future land-use change based on 
either a statistical analysis of how people have used land 
in the past or alternative hypotheses of how people will 
use land in the future^^ The model contains algorithms 
of land-use change that follow the principles of adja¬ 
cency (the tendency for people to develop land next to 
already developed land), geophysical desirability 
(selection of locations with the most favourable envi¬ 
ronmental factors), and regional heterogeneity 
(differences in land-use patterns in various districts, due 
to differences in demographic, economic, and political 
factors). The model uses maps of land-cover and land- 
use types along with a set of driver maps (elevation, 
aspect, slope, precipitation, soil, transportation network, 
rivers, biogeographic zone, and protected areas). 
GEOMOD2 is calibrated using the land use map from 
one point in time. The model is then run to the second 
point in time and the results are validated by comparing 
the simulated map with the actual land cover and land 
use of the second point in time. GEOMOD2 can then 
make a projection of future deforestation to highlight 
locations that are most susceptible to forest loss. 

We used our GIS datasets on land-cover and land-use 
types in the Western Ghats in the 1920s and 1990s to 
carry out preliminary simulations of deforestation during 
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Western Ghats, India: GEOMOD-2 
Simulation from Predeveloped to 1920 



Elevation used as a driver o ^ loo u 

Random success: 64.80% 

Success of our model; 78.86% (Kappa: 0.40) i grid ceil = i sq. Km 



Figure 3 a. Modelling deforestation in the Western Ghats. Predeveloped to 1920. 


two time periods. The first simulation was from a 
‘predeveloped’ state (during which the entire study area 
was assumed to be forested) to 1920 and the second 
simulation was from 1920 to 1990. For the preliminary 
simulation, we examined the role of elevation as a driver 
of land-use change. Elevation data was obtained from 
the USGS GTOPO30 1 km resolution DEM. We found 
that elevation was an important predictor of the location 
of deforestation during the first time period (Figure 3 a, 
kappa = 0.4) but was a less important predictor of the 
location of deforestation during the second time period 
(Figure 3 b, kappa = 0.2). 

These preliminary results suggest that during the 
‘early’ stages of deforestation, forests at lower eleva- 
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tions are much more likely to be converted to other land 
uses. However, after most of the land at lower elevations 
has become deforested, deforestation enters a 
‘secondary’ phase during which elevation plays a less 
important role. 

Consequences of land-cover and land-use 
change 

Biomass estimation, climate change, and biome shifts 

Land-use change also has important consequences for 
the emission and sequestration of greenhouse gases, 
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Western Ghats, India: GEOMOD-2 
Simulation from 1920 to 1990 

Bevation used as a driver 
Random success: 78.56% 

Success of our model: 82.86% (Kappa: 0.20) 
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Figure 3 b. Modelling deforestation in the Western Ghats 1920 to 1990. 


which in turn affect global climate change. Anticipated 
climate changes include rise in mean temperatures in the 
tropics^^ and intensification of the Indian summer mon- 
soon“. Climatic changes, in turn, are expected to influ¬ 
ence changes in the distribution of plant and animal 
species. For example, in the Western Ghats, montane 
evergreen forests can be expected to expand into grass¬ 
lands, thus bringing about a shift in the grassland bi- 
omes and affecting the survival of animals such as the 
Nilgiri tahr, a mammal endemic to the montane grass¬ 
lands of the Western Ghats^*. 

There is, however, considerable uncertainty in the es¬ 
timation of carbon fluxes due to tropical land-use 


change and, therefore, in projections of global climate 
change. Poor, unreliable or generalized data on biomass 
density of tropical forests is one of the main sources of 
this uncertainty^’^^’^^. Previous carbon exchange studies 
provided carbon release estimates based on countrywide 
estimates of deforestation provided by the FAO/UNEP. 
As pointed out by Hall et these estimates of defor¬ 
estation use highly aggregated data at the national level 
that do not accurately represent actual patterns of land- 
use and biomass change at the local/regional levels. 
Furthermore, although there can be no doubt that forest 
degradation plays a role in carbon loss, these estimates 
do not include biomass loss due to forest degradation. In 
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Figure 4. Vegetation index (NDVI) map of Biligiri Rangaswamy Temple Sanctuary. 

reality, forest degradation may account for levels of at- (demonstrates much lower reflectance) in the red. In 

mospheric carbon dioxide above that expected as a con- remotely sensed data, the slope of the line on the spec- 

sequence of deforestation alone^^. tral signature varies according to vegetative factors such 

A study by Iverson et used GIS to spatially ex- as leaf area index (LAI) and net primary productivity 
trapolate local and subregional data on the effects of (NPP), and is the basis for nearly all vegetation indi¬ 
climate, topography, soil, population pressure, and land ces^^. Myneni et al.^° used NDVI datasets derived from 

use to estimate biomass-density changes for continental AVHRR imagery to demonstrate a global increase in the 

South and Southeast Asia. Vegetation indices (Vis) de- photosynthetic activity of terrestrial vegetation from 

rived from remotely sensed imagery have demonstrated 1981 to 1991. Their results suggest that increase in plant 

usefulness as indicators of biomass and vegetative growth is associated with a lengthening of the active 

change^®’^®. These indices exploit the reflectance pat- growing season and increased global warming, 

terns of vegetation in the near-infrared and red wave- We have investigated the usefulness of vegetation in¬ 
lengths: vegetation is bright (demonstrates a high dices derived from Landsat Thematic Mapper (TM) im- 

reflectance) in the near-infrared, but is much less bright agery to assess the spatial patterns of biomass for a 
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single time period in the Biligiri Rangan Hills, Karna¬ 
taka, India (Figure 4). Preliminary results indicate that 
vegetation and structural patterns associated with vary¬ 
ing levels of anthropogenic pressures, and thus varying 
levels of biomass, are distinguishable using this tech¬ 
nique. Further work will use field data to associate bio¬ 
mass values with the floristic and structural types and 
will assess the manner in which the indices vary in re¬ 
sponse to local biomass change. 

As is the case with biodiversity monitoring programs, 
although a number of studies have examined the effects 
of land-use change on the release of carbon to the at- 
mosphere^^’^^"^^, only a few models have attempted to 
assess the spatial patterns of land-use change from a 


social, anthropological, or economic perspective^"^ or an 
ecological perspective^^. There is a need to replace our 
existing piecemeal and fragmented approach to the 
monitoring of the earth’s life support systems by inte¬ 
grating land-use change, climate change, and biological 
and socioeconomic monitoring programs at the regional 
and global levels^^. 

Conservation planning 

Ultimately, the fate of biodiversity depends upon the 
existence and integrity of protected areas. Information 
about landscape changes can be integrated with data on 
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Figure 5. 3-D draping of vegetation types at Biligiri Rangaswamy Temple Sanctuary. 
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spatial distribution of biodiversity and protected areas in 
order to devise effective conservation planning strate¬ 
gies. Remotely sensed data along with digital elevation 
models (DEMs) and spatial terrain data such as slope 
and aspect can be combined with GIS layers of plant and 
animal species distribution to map hot spots of plant 
diversity, distributions of endangered species habitat, 
and the vulnerability of areas to change. For example, a 
study by Prasad et al^'^ used remotely sensed data and 
digital elevation and terrain data from the Mehao Wild¬ 
life Sanctuary in northeast India, to generate 3-D visu¬ 
alization of pheasant and takin habitats, hot spots of 
plant diversity, and areas vulnerable to human-induced 
changes. A 3-D draping of land-cover and land-use 
types over a digital elevation model of Biligiri Rangas- 
waray Temple Sanctuary is shown in Figure 5. The 
vegetation cover information is derived from vegetation 
maps produced by the French Institute, Pondicherry. 
Such a representation allows a visualization of the loca¬ 
tion of roads, settlements, and various vegetation types 
in relation to the terrain of the study area. 

A landscape ecology approach also allows analysis of 
the degree of connectivity of habitat patches and exami¬ 
nation of the land-use mosaic within which habitat 
patches are embedded. Landscapes, within which pro¬ 
tected areas occur and seek to protect biodiversity, are 
dynamic matrices of habitat patches, interconnecting 
corridors, and a variety of agricultural and non- 
agricultural land uses. Daniels^^ has demonstrated an 
application of the principles of landscape ecology to the 
conservation of birds in the heterogenous and human- 
altered landscape matrix of the Western Ghats. 

Gap analysis pools together spatial (and biological) 
data from various sources to provide a powerful tool for 
identifying gaps in conservation. Gap analysis uses GIS 
to superimpose layers of data on vegetation types, 
wildlife habitats, and protected areas^^. Although a few 
studies in the neotropics have examined the representa¬ 
tiveness of vegetation types within protected area net¬ 
works'^^, the approach has not been widely used for 
tropical regions. For example, in India, until fairly re¬ 
cently, not enough attention has been given to the 
‘conservation value’ of an area during the establishment 
of protected areas. We conducted a study which focused 
on a set of protected areas in the Agastyamalai region of 
the Western Ghats, India'^V The study area consisted of 
four Wildlife Sanctuaries (Kalakad-Mundanthurai, 
Neyyar, Peppara, and Shendurni) and six contiguous 
Reserve Forests (Kolathupuzha 1 and 2, Yerur, Pallod 1 
and 2, and Kottur). 

We examined forest loss and land-use changes in the 
study area between 2 time periods. Our results showed 
that deforestation rates were high in the study region. 
Between 1920 and 1960, 0.07% of the forest area was 
lost annually. Between 1960 and 1990, annual forest 


loss was 0.33% even though the entire study area had 
been under some form of protection during that period. 

In order to perform a biodiversity gap analysis of the 
protected areas in the study site, we produced a detailed 
map of existing floristic types and used it to generate 
layers corresponding to floristic species richness, zones 
of floristic endemism, floristically unique areas, and 
habitat distribution of representative endemic faunal 
species. To generate the floristic species richness layer, 
each floristic type was assigned a value of the number of 
species for the type. Values related to floristic (tree) 
endemism were assigned according to the per cent of 
endemic species out of the total number of endemic tree 
species in the Western Ghats. Information for the layer 
on unique areas was based on field surveys and knowl¬ 
edge of the restricted distribution of different ecosys¬ 
tems and species. Uniqueness was determined at the 
ecosystem and floristic levels. Myristica swamps are 
uifique areas at the ecosystem level and the Hopea raco- 
phloea and Humboldtia decurrens facies, the Nageia 
wallichiana facies, and the Hopea utilis facies are 
unique areas at the species level. We created the layer 
on representative endemic faunal habitats by assigning 
data values to each floristic type based on the number of 
endemic mammalian and bird species found in a particu¬ 
lar type. We used only mammal and bird data because 
relevant details on the habitat preferences of other ver¬ 
tebrate classes such as reptiles and amphibians are not 
available in the literature. Detailed methodology related 
to the generation of these layers is provided in ref. 41. 

We used two separate methods to derive data on con¬ 
servation value. In the first method, we obtained a con¬ 
servation value index for each protected area based on 
the geographical area covered by the highest class each 
of the 4 categories of floristic species richness, floristic 
endemism, unique areas, and endemic faunal habitats. In 
the second method, we produced a composite picture of 
conservation values in the form of a map (Figure 6) by 
combining the information in each of the layers (floristic 
species richness, zones of floristic endemism, floristi- 
caliy unique areas, and endemic faunal habitats). Fi¬ 
nally, we combined the map of conservation values with 
a map of the protected area network in order to highlight 
areas of high conservation value that are excluded from 
adequate protection. 

Based on the results from the first method, Shendurni 
Wildlife Sanctuary obtained the highest conservation 
value index (38.8%). This is because nearly 60% of 
Shendurni WLS is covered by wet evergreen forests 
with high levels of species richness and endemism (55% 
each) and most of the Hopea racophloea and Humbold¬ 
tia decurrens facies are confined to this area. The con¬ 
servation value index of Reserved Forests is 24.1% 
which is higher than that of other wildlife sanctuaries 
except Shendurni. The conservation value map obtained 
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Figure 6, Map of conservation values in the Agastyamalai region of the Western Ghats. 


from the second method also showed that Shendurni 
WLS contains a large area of high conservation 
value. The Reserved Forests have the next highest pro¬ 
portion of areas with high conservation values followed 
by Kalakad-Mundanthurai Wildlife Sanctuary. By 
contrast, both Neyyar Wildlife Sanctuary and Peppara 
Wildlife Sanctuary have less conservation value. 

Thus, we found that several areas of high biodiversity 
value in Reserved Forests are excluded from the highest 
levels of protection. We consider this analysis to be a 
step toward developing a utilitarian conservation value 
index for assigning conservation and management pri¬ 
orities. 


Concluding remarks 

The last few years have witnessed an explosive growth 
in applications of geographical information system and 
remote sensing technologies and approaches to study 
changes in the landscape. We now have several tools 
available to rapidly assess changes in land use and land 
cover and the causes and consequences of such changes. 
A better understanding of the causes and a greater ap¬ 
preciation of the consequences can, in turn, allow us to 
develop appropriate mitigation strategies to either cur¬ 
tail deleterious changes or to counter their negative ef¬ 
fects. 
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We cannot expect to effectively conserve biodiversity 
in the absence of precise information about how much, 
where and why forests are being lost. Analysis of remote 
sensing imagery together with adequate ground truthing 
provides an effective way of rapidly determining 
forest cover over relatively large areas. Time series 
analysis of such data allows more precise determination 
of changes in forest cover and gap analysis can assess 
the effectiveness of protected areas in conserving biodi¬ 
versity. Spatial data on fragmentation and connectivity 
will allow us to develop more effective conservation 
plans. 

Remotely sensed imagery can also be used to assess 
the health of forest ecosystems and the extent of forest 
degradation. We need to test the extent to which fuzzy 
classification models and vegetation indices (i.e. NDVI, 
PVI, etc.) may be used to estimate regeneration levels, 
biomass, and species composition at super- and sub¬ 
pixel levels. Relationships deduced from this analysis 
should be used to generate maps of regeneration, bio¬ 
mass, and species composition, and to investigate their 
relationship to anthropogenic pressures. 

We also need to move forward with the integration of 
socioeconomic data and spatial data on land use change. 
Turner"^^ points out that ‘human sciences’ have been 
relatively slow to explore the use of remote sensing 
and GIS technologies and advocates ‘socializing the 
pixel’, an approach which seeks to make remote sensing 
data (the pixel) directly relevant to socioeconomic is¬ 
sues (the human dimension) and to link them through 
GIS (the analytical tool). Such an approach would 
allow us to understand the dynamics of land-use change 
and would elucidate the ultimate causes of biodiversity 
loss. 

For India, the wide disparity in reported deforestation 
rates, lack of information about the effect of land-use 
change on carbon emissions, a poor understanding of the 
causes of land-use change, and the exigency of protect¬ 
ing the country’s remaining biota underscores the need 
for a more accurate assessment of the magnitude and 
patterns of land-use change. Government and non¬ 
government organizations in India are, of course, slowly 
beginning to capitalize on the opportunity offered by the 
high quality, high resolution imagery from Indian satel¬ 
lites (IRS-IA, IRS-IB, and IRS-IC). IRS 1-C’s WiFs 
data has a 5-day repeat cycle which increases the prob¬ 
ability of cloud-free data. This coupled with its low 
processing time requirement, will allow more frequent 
‘rapid change assessment’"^^. The LISS-III sensors with 
itsf'23.5 m spatial resolution will provide adequate detail 
for forest mapping at 1:25,000 scale"^^. The country cer¬ 
tainly has the technology, human resources, and appro¬ 
priate institutions to undertake a more thorough 
assessment and monitoring of its land-use changes; 
however, this tremendous potential needs to be rapidly 


transformed into concrete action to realize important 
goals in biodiversity conservation and sustainable use of 
our land resources. 
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On the ecological history of the Western Ghats 


M. D. Subash Chaiidran 


Department of Botany, Dr Baliga College of Arts and Science, Kumta 581 343, India 


Over three millennia of forest utilization and man¬ 
agement by traditional societies, and the practice of 
state forestry, since last 200 years, have moulded the 
forest ecosystems of the Western Ghats. Major vege- 
tational changes here began with the migrations of 
agri-pastoral people, beginning in the middle of 4th 
millennium BP. The pre-colonial times had mostly 
village oriented traditional landscape management. 
Since colonial times, the forestry became more state 
centered, paying scant consideration to traditional 
management and to other forces of history which 
moulded the Western Ghat landscapes. The present 
landscape and vegetation of the region are replete 
with reflections of history which may be of great 
ecological interest. 


montane forest by 12,000 years ago^. The Asian forests 
were inhabited by hunter-gatherers more than 10,000 
years ago^. Agriculture existed during the Holocene in 
tropical and temperate areas alike. Thus around 9,000 
years BP, while grains were being cultivated in Mexico 
and the Near East, New Guinea farmers were draining 
wetlands for growing taro and some other crops^ 

Pre-historical Western Ghats 

The Western Ghats came under first human influences 
during the Palaeolithic or Old Stone Age, over 12,000 
years BP (Figure 1). Stone tools of this period were dis- 


One of the 18 biodiversity hot spots^’^ of the world, the 
Western Ghats, together with the West Coast, forms an 
important ecological region. Springing from the Arabian 
Sea coast to the montane heights of over 2,000 m, and 
having rainfall ranging from less than 1,000 mm to over 
6,000 mm, the landscapes here are very heterogeneous. 
This paper broadly tracks the ecological history of the 
Western Ghats-West Coast region, from the days of its 
first agricultural colonization, over three millennia ago. 
This paper also highlights the fact that adoption of an 
historical perspective may be advantageous to ecologists 
and resource managers. Efforts are made here to inte¬ 
grate information from diverse fields like archaeology 
and history, palaeo-ecology, ecology, botany and for¬ 
estry. Central and parts of the southern Western Ghats 
are covered in this work and history is reconstructed 
from a vegetational angle.. 


Agricultural occupation of the tropical forests 

People have been living in tropical forests for millennia 
and .very little of these forests, if at all, may be 
‘pristine’^. Farming here may be less than 10,000 years 
old, but the pre-agricultural phase of vegetational ma¬ 
nipulation to promote favoured food plants by hunter- 
gatherers is older"^. In New Guinea, 30 to 40,000 years 
ago, human beings were manipulating the forest by 
trimming, canopy thinning, and ring barking to increase 
the natural stands of taro, bananas and yams^. In Central 
America, hunter-gatherers were burning the pre- 
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Figure 1. A time chart showing important events in the ecological 
history of the Western Ghats. 
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covered from the river valleys of Bharatapuzha 
(Palakkad dt), Beppur (Malappuram dt), and Netravati 
(Dakshina Kannada dt)^’^°. In the western Deccan, Pa¬ 
laeolithic artifacts have been found •• at Kibbanahalli 
(Mysore dt), Lingadahalli, Nidaghalla and Kadur 
(Chikmagalur dt), and Honnalli (Shimoga dt)^*’^^. Being 
hunter-gatherers, Palaeolithic people would not 
have caused any serious impact on their natural envi¬ 
ronment. 

Mesolithic or Middle Stone Age (12,000-5,000 years 
BP) witnessed the transition of hunter-gatherers into 
food growers. Many Mesolithic sites have been discov¬ 
ered from Mandovi River in Goa to Kerala, such as 
Karwar and Ankola (Uttara Kannada dt), Netravati Val¬ 
ley (Dakshina Kannada dt), Nirmalagiri (Kannur dt), 
Chevayur (Kozhikode dt) and Tenmalai (Kollam 
dt)9,10.13^ Charcoal of 5,000 years BP, got from trenches 
in Tenmalai, indicates that the people could have burned 
forest. 

Early agri-pastoralism in the Western Ghats 

During the Neolithic or New Stone Age (5,000-3,000 
years BP), the Deccan Plateau was waking up to primi¬ 
tive agriculture and pastoralism. About 4,300 years BP 
animals were domesticated in Kodekal (Gulbarga dt)^"^. 
In Hallur (Dharwad dt), close to the Western Ghats, cat¬ 
tle, sheep and goat were domesticated 3,800 years BP, 
and millets and horse-gram cultivated 300 years later^^. 
The Jorwe people of Inamgaon, in the western Deccan 
of Maharashtra, had irrigated rice during 
3,400-2,700 years BP. The Jorwes bought marine fish, 
haematite and shells from the Konkan coast, 200 km to 
the west^^ This shows that the Neolithic people of 
Deccan had some knowledge of the Western Ghats and 
the coast. Some of the many Neolithic sites in the 
Western Ghats are Tambde Surla (Goa), Anmod (Uttara 
Kannada dt), Agumbe (Shimoga dt), hill slopes of 
Sita River (Udupi), Kodagu and many others in 
Kerala^’^^’^^-^^ 

The Nilaskal site in Agumbe, being close to the 
sources of West Coast rivers Sharavati, Chakra and Ha- 
ladi, was strategic to the Neolithic people, giving them 
an easy access to the coast. According to Sundara^^ 
Neolithic people with their stone axes descended from 
the Western Ghats of Dakshina Kannada to the coast, in 
the last part of the 4th millennium BP and resorted to 
cultivation, probably by slash and burn method. Similar 
westward migration of Neolithic agri-pastoralists from 
the Deccan could have taken place elsewhere too. Hill 
cultivation (presumably shifting) in South India may be 
older to the spread of iron tools here, about 3,000 years 
back^®. 

During the Megalithic Period (3,000-2,000 BP), iron 
implements were widely used. Use of iron dates back to 


3,500 years in Hallur^'*’. The West Coast of South 
India was intensely settled during this Period. Nume¬ 
rous Megalithic burial sites are associated with cham¬ 
bers dug in lateritic plains of the West Coast in Karna¬ 
taka and Malabar^^■^^ The Megalithic Period would 
have witnessed intensification of forest clearance 
by agri-pastorals. The torrential rains of the 
region would wash away exposed soil from hills 
and plateaus, exposing the laterite and hastening its 
weathering. 

Fourth millennium BP vegetational changes in 
the Western Ghats 

A palynological study based on a marine core from 
Uttara Kannada, by Caratini et al}^, shows that about 
3,500 years ago there occurred a sharp increase in sa¬ 
vanna pollen, mainly from grasses, and a decline of 
pollen from evergreen and deciduous forest plants, and 
mangroves. These changes have been attributed to the 
onset of an arid climate. 

A study in the peat bogs of montane Nilgiris, by 
Sukumar et al. shows a shift of C3 vegetation (C3 for¬ 
est/grassland) towards C4 vegetation (grassland), during 
6,000-3,500 years BP, due to lower rainfall and lower 
CO 2 levels. Predominance of C4 vegetation reflects arid 
conditions and that of C3 vegetation reflects moist 
conditions'^. 

The climatic change theoiy effectively explains the 
expansion of C4 grasslands in the montane Nilgiris, 
during the 4th millennium BP, where during a similar 
arid spell 20,000-18,000 years BP also such grasslands 
had existed^^. But this theory alone may not explain 
vegetational changes in Uttara Kannada (mean elevation 
600 m). Pascal^"^’^^ considers savannas in the plains and 
at moderate altitude in the Western Ghats as essentially 
the result of fire. Gadgil and Meher-Homji^^ consider 
the savannas of much of the Indian subcontinent as 
due to human interventions in the woodland eco¬ 
systems. 

Chandran^*^ suggests that the beginning of agri- 
pastoralism may be the main cause for the 4th millen¬ 
nium BP changes in Uttara Kannada. In fact almost all 
the forest species, represented in the pollen sample”^, 
occur to this day in the region. Of these Dipterocarpus 
indie us, an endemic tree of the Western Ghats, occurs 
mainly in a few sacred groves or kans of Uttara Kan¬ 
nada. Its presence in these kans may be correlated to 
decline of primary forests elsewhere due to human fac¬ 
tor and its failure to revive in the secondary forests^^. In 
Borneo, Ashton^® noted the absence of Dipterocarps in 
secondary forests, where tribes had slashed and burned 
in the past. We should, therefore, also look into contem¬ 
porary history as well. 
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Harappan migration into South India? 

Increased aridity in the climate of Indus Valley, salinity 
rise in the lakes and drying up of the Saraswati River, 
during 4th millennium BP, may have caused an upstream 
migration of the Harappans, towards the Siwalik Hima- 
layas^^ The Western Ghats region, due to its strategic 
position, could have still been enjoying a relatively hu¬ 
mid climate. The biodiversity-rich forests, the abundant 
water resources, the productive estuaries and the sea, 
could have attracted the drought stricken Neo and 
Megalithic agri-pastorals from the Deccan, as well as 
the Harappans^^ (Figure 2). 

The Indus Civilization did not perish suddenly accord¬ 
ing to Dixit. The Later Harappan Phase survived in 
Saurashtra, Gujarat, north Maharashtra and in the north¬ 
ern states up to 3,200 years BP (ref. 30). Apart from a 
more benevolent climate and richness of biological re¬ 
sources, other reasons for a suspected Harappan migra¬ 
tion into the south are: 

i) Late Harappan culture is said to have intruded into 
lower Deccan, as far as Daimabad and Upper 
Krishna Valley in the Belgaum region^^’^^. 

ii) Harappan culture was not a horse and chariot based 
one unlike the Vedic culture. The suspected objects 



Figure 2. Suggested routes of migration of agri-pastorals from 
southern Harappa and Deccan Plateau into South-West India during 
the Neolithic-Megalithic period. 


of worship in the Indus Valley, the Mother Goddess, 
a male god - considered a prototype of Siva, the 
humped bull, the serpent, etc. bring it rather closer 
to the pre-Vedic cultures, whose survivals today are 
mainly in the mountainous and hilly regions of 
India. The main strongholds of Saivism, Shakti 
(Mother Goddess) worship, snake cults and tree 
worship are the Western Ghats, the Himalayas and 
the Central India. The Harappan’s was, therefore, 
not a culture insulated from the rest of India, but 
one which enjoyed continuity with it. 

iii) The art of making terracotta figures, including of 
the Mother Goddess, was a cardinal trait of the 
Harappan culture. Many sacred groves of the West¬ 
ern Ghats have a rich deposit of ancient terracotta 
figures; some communities continue the pre- 
historical practice of making such figures as votive 
offerings to their deities. Such figures of the Mau¬ 
ry a-Satavahana period were found at Banavasi in 
Uttara Kannada^^. 

iv) Wild or semi-wild rice was possibly adopted by the 
farmers during the Late Harappan phase^°. The salt- 
tolerant wild rice strains of the West Coast could 
have been ideally domesticated from 3,500 BP. The 
rice cultivation in the reclaimed estuaries could 
have perhaps caused the mangrove decline in Uttara 
Kannada as noticed in the pollen samples^^. 

The legend of coastal reclamation 

The West Coast could have been, earlier, a maze of hills 
covered with evergreen forests, estuaries, sandy plains 
and other lowlands. The beginnings of coastal reclama¬ 
tion may date back to pre-historical period, merging 
with legends and folklores. Mahabharata, Vishnu 
Purana and Skanda Parana state that the Sage 
Parashurama, standing atop the Western Ghats, threw 
his axe into the Arabian Sea retrieving the West Coast. 
Some recent findings, in the context of coastal reclama¬ 
tion, are significant: 

(i) The land in and around Karwar contain recent 
Molluscan and micro-faunal shells. The freshness of 
the Molluscan shells of Mangalore coast suggests 
that ‘this coast can be considered as an emergent 
shore^’. 

(ii) Bourgeon^^ considers the fluvio-littoral plains of 
Uttara Kannada coast as of recent origin. He ob¬ 
served fossilized mangrove soils under nearly two 
meters of recent sediments. The ferruginous accu¬ 
mulations that he found in such areas are likely to 
be derived from the iron-rich hill soils used for 
coastal reclamation. In coastal Uttara Kannada to¬ 
day, commercial exploitation of Molluscan shells 
buried underneath the rice fields shells is going on. 
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(iii) A peat deposit recently discovered in the Arabian 
Sea, off the Uttara Kannada coast by Mascarenhas 
et needs to be re-examined in the context of a 
pre-historical coastal de-forestation. This peat was 
mixed with flaky materials resembling broken twigs. 
Its high content of organic carbon, iron and alumin¬ 
ium, and other mineral contents similar to the rocks of 
Uttara Kannada, may indicate that the peat may be a 
deposit of slashed and burned land vegetation, mixed 
with eroded land minerals. In fact the savannization of 
most of the Uttara Kannada coastal hills had already 
taken place before the British occupation itselF^. 

The Western Ghats in history 

The Western Ghats figure early in South Indian history. 
King Ashoka sent a messenger to spread Buddhism in 
the Banavasi kingdom in the central Western Ghats, 
during 3rd century BC (ref. 33). The West Coast had 
spice trade with the Roman empire. References to rice 
and millet cultivation in the South Indian hills are found 
in the 2,000 years old Sangam Tamil literary works. 

Hill agriculture and community forestry 

Early agricultural settlements along the rivers were perhaps 
also associated with slashing and burning of forests in the 
nearby hills, for cultivation. The vegetation maps of Uttara 
Kannada Western Ghats^^, for instance, show that secon¬ 
dary moist deciduous forests occur along the river courses. 
Ward and Conner, in their memoir of the survey of Travan- 
core and Cochin States, during 1816-20, mention that each 
river was rented out for the extraction of teak^^. That teak 
and bamboo rich deciduous forests, instead of the climatic 
evergreen forests, were plentiful along the West Coast riv¬ 
ers, at the time of British occupation^^’'^^. 

Shifting cultivation in the Western Ghats 

The shifting cultivators seem to have normally occupied 
a zone below 1000 m (ref. 40), perhaps avoiding the 
colder and wind-swept heights. Thin human population 
and long fallows often permitted the return of the for- 
(Figure 3). Buchanan'^^ who travelled through 
Malabar and Canara in 1801, made detailed studies on 
pre-colonial land use. At Gokarna he found records of 
1450s relating to tax on shifting cultivation. Coastal 
hills of Uttara Kannada were formed into terraces for 
cultivation of gingelly and blackgram. In the interior 
hills, in the first season after burning the woods, were 
sown ragi (Eleucine coracana), red gram {Cajanus ca- 
jan), and castor (Ricinus communis). Next year on the 
same ground was raised a crop of shamay (Panicum su- 
matrense). 



Figure 3, The Western Ghats forests show numerous evidences for 
past human occupation - like deserted villages, towns, fortresses, 
slash and burn fields. Here is a wall from remote Kaltigudda ever¬ 
green forest of Uttara Kannada (Photo: Author). 



Figure 4. Sacred grove and the pond in Sagar taluk of Shimoga. The 
groves are often associated with water bodies (Photo: Author). 

The tribals of Travancore hills planted rice, cowpea, 
gingelly, tapioca, yams, cucurbits, brinjal, chilli and 
plantain"^^. Kanis and Arayans planted their surroundings 
with trees like mango and jack. Each tribe of Travancore 
hills had a certain tract of country which was considered 
to belong to it, and no one dared to encroach on the land 
of another village"^^. 

Conservation in the pre-colonial days 

Indigenous people with a historical continuity of re¬ 
source use practices often possess a broad knowledge 
base of the complex ecological systems in their own 
localities and they do develop a stake in conserving, and 
in some cases enhancing biodiversity"^^. In the Western 
Ghats, forest conservation went hand in hand with utili¬ 
zation. Hunting was subjected to many community 
regulations"^^. 
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Amidst the secondary forests and fallows of Travan- 
core hills, Bourdillon"^® noted: ‘Many pieces of forests 
are left untouched when the surrounding land has been 
cleared... because they are supposed to be each inhab¬ 
ited by some spirit.’ Forest clearance was inevitable for 
farming; yet there was an overwhelming belief in the 
sacredness of the woods. To Buchanan in 1801, the peo¬ 
ple near Karwar conferred'^^ ‘The forests are the prop¬ 
erty of the gods of the villages..., and the trees ought not 
to be cut without having leave from the Gauda of the 
village.’ Secondary species and heavily savannized 
tracts were interspersed with lofty evergreen patches, 
the menasukans or pepper forests, where the people 
tended to the wild pepper. The relics of such kans occur 
to this day in Uttara Kannada and Shimoga. They were 
important pieces of pre-colonial forest conservation in 
the Western Ghats. Myriad relics of such groves, exist 
even today all over the Western Ghats (Figure 4). They 
may be devrai in Maharashtra, devarakadu in Coorg and 
kavu in Kerala and Tamil Nadu’^’'^'^’'^^ These sacred for¬ 
ests, in the pre-colonial landscape, served many func¬ 
tions like conservation of biodiversity and watershed, 
moderation of climate, and enhancement of landscape 
heterogeneity which promoted varied wildlife. The 
people had also much reliance on subsistence hunting. 
The village sacred forests ranged in size from few ha to 
few hundred ha (ref. 44). The kans of Sorab taluk in 
Shimoga, for instance, covered about 13,000 ha or 10% 
of Sorab’s area'*^'. 

Decline in valley forests and freshwater 
swamps 

Rice cultivation in the fertile valleys preceded gardens 
of early commercial crops like arecanut and pepper. The 
original vegetation of the ill drained valley bottoms with 
sluggish streams, in elevations below 1000 m would be 
often a special formation, the Myristica swamp"^”^. These 
swamps, though rare, still occur in Thiruvananthapu- 
ram"^^; the northernmost Myristica swamps are found in 
the Siddapur taluk of Uttara Kannada^^. Rare Western 
Ghat endemics like Myristica fatua var. magnifica, 
Gyinnacranthera canarica^ Semecarpus auriculata and 
a fragile palm, Pinanga dicksonii are found growing in 
such swamps. 

Freshwater swamps in Uttara Kannada were being 
favoured for conversion into arecanut gardens and 
fields of summer rice"^^ Expansion of traditional agricul¬ 
ture and the spread of particularly rubber, coffee and 
forest tree plantations would have wiped out large 
pockets of primary forests in valleys. The Myristica 
swamp may be considered as an endangered habitat. 
Swamps being sources of streams, their destruction 
would have diminished the watershed value of the West¬ 
ern Ghats. 


State forestry in the Western Ghats 

The British occupation of the Western Ghats, from early 
19th century, set the tone for forestry operations to date. 
Traditional forest management systems did not impress 
the British. The Madras Government banned shifting 
cultivation in 1860. The Government of Bombay banned 
it in Uttara Kannada late in the 19th century. The state 
foresters failed to link the association of teak and other 
deciduous timbers in the evergreen forest belt of the 
Western Ghats with old slash and burn fallows. Troup"^^, 
the silviculturist, in 1921, decades after the ban on 
shifting cultivation, brought this to the notice of the for¬ 
esters. 

The early forest working plans for the evergreen forest 
belt of South Indian Western Ghats mainly aimed at the 
extraction of commercial deciduous timbers like teak. 
However, the diminished role of fire as an ecological 
factor, following the ban on slash and burn cultivation, 
favoured the return of the evergreens, as in Uttara Kan¬ 
nada. As large teak was harvested, adequate natural re¬ 
generation did not follow under the darkening canopy of 
the evergreens. The rising demand for teak and its de¬ 
pletion in nature made the foresters to initiate massive 
vegetational changes in favour of teak monoculture ’ ’ . 

The higher altitude forests were, if at all, sparsely 
populated with tribal people. Following the British oc¬ 
cupation began large-scale forest exploitation and 
wholesale vegetational transformations into commercial 
plantations of coffee, tea, wattle and Eucalyptus. Such 
commercialization of the high altitudes, as of the Nilgiri 
plateau, marginalized the small populations of the ear¬ 
lier human groups, the so-called ‘ecosystem people’ 
engaged in hunting-gathering, shifting cultivation and 
pastoralism. The State policies favoured the immigrant 
‘biosphere people’, who controlled natural resources in 
the Nilgiri area, and extracted and traded them in the 
markets. The spurt in commercialization of natural re¬ 
sources and commodity production also attracted an 
exodus of migrant labourers with overall serious eco¬ 
logical consequences on the biota^^. The high altitudes 
of Kerala and southern Tamil Nadu also witnessed 
similar transformations beginning in the mid 19th cen¬ 
tury. 

Decline of the sacred forests 

Government reservation of the kans of Uttara Kannada 
as state forests, late in the 19th century, was followed by 
introduction of contract system for collection of non¬ 
wood produce, which replaced the community manage- 
ment^^ In Shimoga, as the state claimed the timber-rich 
deciduous forests, the people were required to meet their 
biomass needs from the evergreen kans, which they had 
conserved through ages as safety forests. Not aware of 
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the role of kans in the traditional land use system of 
Karnataka Western Ghats, Brandis and Grant"^^ won¬ 
dered: ‘Why should a certain locality be covered with 
evergreen, and another in its immediate vicinity with dry 
forest?’ Kans were also released for coffee cultivation. 

In Uttara Kannada many kans were allotted as leaf 
manure forests to the arecanut growers as well as added 
to the category of open access ‘minor forests’, hastening 
their destruction. After independence Uttara Kannada 
kans were even subjected to timber and firewood har¬ 
vesting. Under the influence of a cultural change that 
has been sweeping through the Western Ghats region, 
the pre-Vedic deities of the sacred groves are related to 
the deities of organized Hinduism and temples are being 
erected to house them, the groves suffering in the proc-* 
ess’^’"^"^. Some notable sides of the state forestry are the 
restrictions on shifting cultivation, which favoured the 
return of the evergreens, and the formation of wild life 
conservation areas and biosphere reserves. 

Decline in plant endemism and evergreenness 

Most of the Western Ghat endemic plants are associated 
with evergreen forests^^’^^. The Western Ghats also 
share several plant species with Sri Lanka. A study of 81 
sample plots in Uttara Kannada, by this author, shows 
that tree endemism, including shared endemism with Sri 
Lanka, increases with evefgreenness of the sample 
(Figure 5). By evergreenness is meant the proportion of 
evergreen trees in the total tree population. Slash and 
burn cultivation, savannization and forestry operations 
favouring deciduous timbers would have reduced plant 
endemism in the Western Ghats. The stoppage of slash 
and burn cultivation, on the other hand, is expected to 
favour the return of the evergreens^^. 


% ENDEMI8M 



Figure 5. Correlation between evergreenness and endemism 
[endemic to Western Ghats (dotted), endemic to Western Ghats and 
Srilanka (plus marks)] in the tree communities of 81 forest samples 
in Uttara Kannada. 


% FIRE TOLERANCE 
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Figure 6. Correlation between fire tolerance and endemism in the 
tree communities. 


Fire and forests 

Fire must have played a major role in the vegetational 
history of the Western Ghats. Fire affects the regenera¬ 
tion, both directly through the burning of seeds, seed¬ 
lings and trees and indirectly through its action on the 
soil by increasing surface temperature, reducing organic 
matter, modifying soil texture and facilitating erosion. 
Soil physics and chemistry are also affected and fungi 
and micro-organisms and soil fauna are destroyed . 
Slash and burn cultivation in the heavy rainfall zone of 
the Western Ghats, would have favoured the spread of 
bamboo and hardy leaf shedding trees with thick bark, 
lighter seeds and high coppicing and propagation 
through roots. Examples of the fire tolerant are Acacia 
catechu, Careya arborea, Dalbergia latifolia, Dillenia 
pentagyna, Schleichera oleosa, Tectona grandis, Termi- 
nalia spp. and Xylia xylocarpa. Figure 6 shows that the 
percentage of fire tolerance in the 81 forest samples of 
Uttara Kannada decreases steeply with increase in en- 
demism^'^’^^ The ban on shifting cultivation favoured the 
return of the evergreens to the disappointment of the 
foresters^^. 

The use of fire in the past might have caused the de¬ 
struction of forests on many exposed, wind-swept, me¬ 
dium elevation mountain tops (800-1600 m) as in 
Kemmangundi, Kudremukh or Coorg in Karnataka 
Western Ghats. Forests perhaps failed to return here 
creating stretches of fire-prone grassy patches which are 
interspersed with evergreen forests in the folds rich in 
endemism. These grassland-forest complexes mimic the 
true shola-grassland complex of the montane Nilgiris 
and the High Ranges of Kerala. 
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Reflections of history in the woods 

Almost every patch of forest in the Western Ghats has 
its own unwritten history - history of conservation, in¬ 
accessibility, exploitation or transformation. The Uttara 
Kannada study by this author^^, involving 81 sample 
sites, tries to recapture the dynamism of forest history in 
a tangible form. In the absence of fire as an ecological 
factor we may expect (1) A return of the endemics, 
mostly fire sensitive trees (Figure 6); (2) Endemics are 
mostly evergreens with thin bark (Figure 7); (3) Increase 
in mean seed weight of the forest patch - as the canopy 
gets darker with recruitment of more evergreens, heavy 
seeded species increase in the community (Figure 8). 


MEAN BARK THICKNESS IN MM 



EndffMlin |nolui(*» th»l of 
WotUrn I Brt Lonka. 


Figure 7. Correlation between bark thickness and endemism in the 
tree communities. 



Figure 8. Correlation between evergreenness and seed weight in the 
tree communities. 
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Figure 9, Correlation between coppicing character and evergreen¬ 
ness in the tree communities. 

Primary tree species of the tropics, often with animal 
dispersed fruits, are large seeded, shade tolerant, slow 
growing and long lived unlike the light seeded and short 
lived pioneers which thrive in large forest gaps. Late 
successional trees tend to have heavier seeds^^”**'^. 

Pioneers of large gaps like Macaranga peltata, and 
Ervatamia heyneana, are very light seeded (0.048 g for 
both). Teak seed weighs just 0.044 g; for Xylia xylo- 
carpa, a deciduous tree, it is 0.24 g. The seed of Dip- 
terocarpus indicus, a climax evergreen tree, weighs 
nearly 3 g. The heaviest seeds of the samples are for 
Myristica malabarica (13 g). When a forest recovers its 
evergreenness, the generally light seeded deciduous 
species are destined to be replaced by heavier seeded 
evergreens. As the evergreenness increases, coppicing 
trees (which obviously have accumulated in areas of 
human disturbances) tend to decline (Figure 9)^^. 

Forest history in tree ages 

Ring count to estimate tree age is considered inapplica¬ 
ble or unreliable in the tropical rain forests. Nicholson^^ 
and Rai^^ used annual growth increments to estimate tree 
ages. Rai’s estimates are based on data from forest pres^ 
ervation plots in Karnataka Western Ghats. The annual 
diameter increment for slow growing evergreen Myris¬ 
tica malabarica, for e.g. is only 0.14 cm; that of the 
deciduous Terminalia paniculata is 0.3 cm; for faster 
growing deciduous tree Dillenia pentagyna the d/yr is 
0.55 cm (refs 61-63). Although the method is indirect 
and does not consider the environmental factors, it is 
useful in unravelling forest history. 

In the field studies by this author in Uttara Kannada 
evergreen forest belt, girth of all the trees in 25 sample 
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plots, each of 1 ha, was measured. The application of 
Rai’s growth increment formulas for trees in these sites 
shows that, as expected, most leaf shedding tree species 
regenerate in deciduous forests or in low evergreen 
areas. In high evergreen forests, the deciduous, if pres¬ 
ent, are older individuals whose regeneration may be at 
stake. The estimated ages of the deciduous trees, for 
instance, provide clues to the forest historian as to when 
the last major canopy opening took place, favouring the 
arrival of the deciduous^^. 



30 50 70 80 90 100 

% Evergreenness 


Figure 10, Ago classes of Tenninalia paniculata, a deciduous tree, 
in 25 one ha forest samples of Uttara Kannada. Note that high ever¬ 
green forests have only older trees. 


Figure 10, for instance, illustrates that Terminalia 
paniculata, a light seeded, thick barked, deciduous tim¬ 
ber species capable of coppicing regenerates in forest 
samples where up to 70% of the trees are evergreen. 
However, isolated older individuals may occur in high 
evergreen forests. The youngest of such individuals fall 
in the age class of 75-100 years. This is significant his¬ 
torically; slash and burn cultivation in Uttara Kannada 
was almost totally banned towards the close of the 19th 



% EvergreenneBS 

Figure 11. Age classes of Dipterocarpus bidiciis, an endemic ever¬ 
green tree of the Western Ghats in 25 one ha samples. Note that the 
species, in all ages, occur only in high evergreen forest. 


Table 1. Estimated ages of some deciduous (D) and some evergreen (E) tree species from a one ha 
forest plot in Uttara Kannada having 92% evergreen trees 

No. of trees in different age classes (age x 10 yrs) 

Tree species < 5 5-10 10-15 15-20 20-25 25-30 30-35 


Terminalia paniculata (D) _ I _ _ 2 2 1 

Lagerstroemia microcarpa (D) - - - - 2 1 

Stereospermiim personatum (D)^ - 1 - - t _ _ 

Vitex altissima - 2 4 - 1 ~ - 

Olea dioica (E) 1 2 5 5 8 2 - 

Diospyros candolleana (E) 19 9 1 _ _ 

Diospyros ebenum (E) 110 7 - - - - 

Khema attenniiata (E) - 80 81 22 4 - - 

Myristica malabaricar (E) - 2 4 4 3 - 1 


* Associated with tree fall gaps of evergreen forests. 


Table 1. Estimated ages of some deciduous (D) and some evergreen (E) tree species from one ha 
forest plot in Uttara Kannada having 89% of evergreen trees 
Shifting cultivation was reported from the site during 1850-1890 period 

No. of trees in different age classes (age x 10 yrs) 


Terminalia paniculata (D) 

_ 


1 

1 


- 

- 

Lagerstroemia microcarpa (D) 

- 

4 

11 

2 

1 

_ 

- 

Carcya orborea (D) 

- 

- 

1 

1 

- 

- 


Vitex altissima (D)* 

1 

. 7 

4 


_ 

_ 

_ 

Diospyros candolleana (E) 

15 

65 

15 


- 

_ 

_ 

Hopea wightiana (E) 

5 

23 

7 

- 

- 

- 


Knema attenuata (E) 

- 

74 

66 

5 

2 

_ 

- 

Olea dioica 

2 

37 

26 

10 

- 

2 

__ 


*A gap species in evergreen forest. 
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century. Since then evergreens are expected to return. 
On the other hand. Figure 11 shows that Dipterocarpus 
indicus, a climax evergreen species of the Western 
Ghats is present only in high evergreen forest^^. 

This finding may be supported by tree ages of key 
deciduous and evergreen species from individual sample 
sites (see Tables 1 and 2). Table 1 is based on a 1 ha 
site with unknown history where 92% of trees are ever¬ 
green. Some important deciduous elements like Termi- 
nalia paniculata and Lagerstroemia microcarpa are 
found in older age classes (mostly in 200-300 yrs). The 
deciduous tree life Stereospermum persenatiim and 
Vitex altissima are more associated with the tree fall 
gaps of disturbed evergreen forests. 

Table 2 shows the ages of key deciduous and ever¬ 
green species from another 1 ha site Kanchimale - a site 
with known history of slash and burn cultivation up to 
the close of 19th century. Here 89% of the trees are ev¬ 
ergreen and mostly found in all age classes. Most de¬ 
ciduous species are aged over 50 years, reflecting the 
fact that ban on slash and burn cultivation during the 
latter part of 19th century has resulted in progressive 
succession by evergreens, giving very little scope for 
regeneration of the deciduous. In the absence of any 
standard universal method of portraying vegetational 
changes in the complex forests, an indirect method 
based on tree ages may be of some help. 

Concluding remarks 

Major human induced ecological changes in the Western 
Ghats begin with the arrival of agriculture and pastoral- 
ism. A climatic change towards the middle of fourth 
millennium BP, which induced widespread human mi¬ 
grations within the Indian sub-continent is correlated to 
decline of forests and mangroves in our focal area. The 
contemporary archaeological scenario of Deccan also 
permits us to think of the migration of agricultural man 
into the south-west' India. As primary forests were 
cleared and coastal marshes reclaimed, people also 
evolved various conservation mechanisms in a decen¬ 
tralized fashion which assured sustainability. However, 
the process of commoditization of forests from early 
19th century, disrupted this balance of local communi¬ 
ties with nature as well as created various ecological 
consequences. The forest ecosystems do bear the im¬ 
prints of human actions through history. An understand¬ 
ing of ecological history can surely go a long way in 
promoting more imaginative management of the pre¬ 
cious resources of the Western Ghats. 
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Reconciling development with conservation of bio¬ 
logical diversity has emerged as a significant concern 
in recent years. This has been primarily attempted 
through establishment of protected areas taken out 
of mainstream development, and through regulating 
impacts of major development projects with the help 
of environmental impact assessment exercises. We 
believe that these two instruments need to be com¬ 
plemented by continually providing inputs into the 
biodiversity implications of ongoing development 
processes (and accompanying habitat transforma¬ 
tions) at the landscape and regional level. It is desir¬ 
able that such assessment of biodiversity implications 
is based on a transparent, objective methodology 
which could be used by a wide range of practitioners 
working with the emerging decentralized processes 
of development planning. In this paper we outline 
such a methodology focussing on birds. This involves 
assigning a conservation value to bird species based 
on readily available information on their geographi¬ 
cal range, habitat preference, endangerment and 
taxonomic distinctiveness. This may then be trans¬ 
lated into a mean composite conservation value for 
bird assemblages characteristic of different habitat 
types. By combining this information with that on 
ongoing processes of habitat transformations, we can 
provide an assessment of how development processes 
are affecting biodiversity values. We illustrate this 
methodology by assessing the conservation value of 
586 bird species of Western Ghats, and a sample of 
bird assemblages of seven major habitat types of the 
region. We conclude that the most serious loss of 
biodiversity value arises in the transformation of 
montane evergreen shola forests/high altitude grass¬ 
lands into monoculture plantations. 


Planning for environmentally sound and biodiversity 
friendly development has in recent years emerged as an 
important concern. Minimizing the loss of biodiversity 
is one of the key objectives in planning for such sustain¬ 
able development^’^. Conservation or protection of bio¬ 
diversity is critically dependent on the kinds of habitat 
transformations that are ongoing in any area. The habitat 
transformations, in turn, depend on land use and hence 
are intimately connected to the overall development^ 


Therefore we cannot consider conservation and devel¬ 
opment as two watertight compartments. Till now the 
efforts to reconcile them have primarily taken two 
forms; creation of additional protected areas taken out 
of the mainstream of development and assertion of con¬ 
trol over the way major development projects are exe¬ 
cuted on the basis of environmental impact assessment 
exercises'^. Both these approaches have led to positive 
gains, yet both have their own limitations. The protected 
areas approach is particularly appi*opriate when the fo¬ 
cus of conservation is on one or more flagship species 
like the tiger or the Siberian crane. But it is inadequate 
when the focus shifts to conservation of the entire spec¬ 
trum of diversity of life, including genetic diversity. 
Thus many elements of conservation interest, such as 
wild relatives of cultivated plants like yams occur in 
highly disturbed habitats such as road verges; others 
occur as weeds in field; yet others are restricted to cli¬ 
max communities such as wet evergreen forests. Multi¬ 
ple populations of the entire diversity of these wild 
relatives of cultivated plants can then only be conserved 
through prudent management of a whole variety of 
habitat types, both within and outside protected areas^. 
The environmental impact assessment exercises too are 
inadequate in their approach as well as in practice"^’^. 
They are invoked only in case of major development 
projects like dams, and leave out of consideration most 
continual, smaller scale changes. Their treatment of 
biodiversity is very superficial, often limited to partial 
listing of major species of larger wildlife or migratory 
birds. They do not incorporate a proper method to assess 
the biodiversity loss due to landscape transformations. 
The environmental impact assessment procedures cur¬ 
rently prevalent in India provide no scope for public 
participations^. They are also conducted as one time 
exercises and do not involve continual monitoring. 
Given these various limitations in the end they have only 
a limited positive impact^ Apart from the knowledge of 
environmental impact of major developmental projects, 
the impact of various kinds of landuse practices on bio¬ 
diversity is necessary to initiate an ecologically prudent 
management of natural resources. For such broad-based 
developmental planning, we need inputs and instruments 
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additional to networks of protected areas and one time 
environmental impact assessments. 

To be effective, such inputs to development planning 
must deal with all of the country’s landscape and 
waterscape and be continual since the processes of ero¬ 
sion of biodiversity are going on everywhere all the 
time. Such broad-based monitoring of biodiversity can¬ 
not be the sole responsibility of any one centralized 
agency; after all the ratio of scientists in the Botanical 
and Zoological Surveys of India to the land area of the 
country is 1:1 million hectares. It should instead be or¬ 
ganized as a decentralized effort involving local organi¬ 
zations such as educational institutions and NGOs 
familiar and concerned with their own localities. Such a 
large scale effort will have to focus on a subset of living 
organisms that represent the entire taxonomic diversity 
and inhabit the whole range of habitats, yet are easily 
accessible and can be identified with some reliability. 
Such a subset could, for instance, comprise relatively 
better documented groups like birds, butterflies, ants, 
dragonflies, earthworms, crabs, leeches, fish, mush¬ 
rooms, lichens and flowering plants. The levels of di¬ 
versity in some such set of taxonomic groups should 
then be monitored in the full range of ecosystems or 
habitat types of any region; as an ongoing exercise, 
preferably on an annual basis. 

This would generate a wealth of valuable data relevant 
for detailed planning of ecological management of par¬ 
ticular ecosystems. But development planning has to 
proceed at a hierarchy of levels involving larger and 
larger spatial scales. The detailed locality specific in¬ 
formation therefore needs to be summarized properly to 
provide effective inputs at higher levels. Such a process 
would necessarily lead to loss of some information; any 
priorities set on the basis of such abstraction could be 
open to question in specific instances. Ecologists there¬ 
fore hesitate to accept such abstractions. But it is clear 
that development processes will go on, modifying eco¬ 
systems, further eroding biodiversity, and the best op¬ 
tion before ecologists is to provide as much information 
as possible at the appropriate levels to try and influence 
these processes onto a biodiversity friendly course. 
Since information must be digested before it reaches 
higher levels, we must work out ways of doing so most 
effectively. This paper suggests one possible methodol¬ 
ogy for summarizing information generated through 
biodiversity monitoring as a possible input to the proc¬ 
ess of development planning^. The proposal of course, 
has a number of weaknesses. It is nevertheless presented 
here in the hope that it would stimulMe debate and 
catalyse further progress. 

Development interventions primarily affect biodiver¬ 
sity through transformations of habitats. Thus while di¬ 
rect overharvests for forest-based industry have led to 
local elimination of a few species, such as Dipterocar- 


pus indicus in demand for manufacture of plywood, the 
indirect impacts such as through large scale clear felling 
of evergreen forests for raising eucalyptus plantations or 
planting of wattle on high altitude grasslands are likely 
to be of greater significance^. It is also far more feasible 
to keep track of transformations at the habitat level, es¬ 
pecially given the availability of satellite imagery and 
information management systems like Geographical In¬ 
formation System (GIS) than to keep track of changes in 
populations of tens of thousands of biological species. It 
is therefore most efficient to organize monitoring biodi¬ 
versity as a two-step process of monitoring habitat trans¬ 
formations and evaluating different forms of habitat 
transformations in terms of their implications for biodi¬ 
versity^. Such a programme involves arriving at (1) a 
system of classification of habitat types, (2) monitoring 
ongoing transformations in habitat types, (3) censusing 
different types of habitats in terms of the elements of 
biodiversity that they harbour, (4) assigning values to 
these elements of biodiversity and (5) assessing habitat 
transformations in terms of how they affect biodiversity 
values. The final, and the most difficult step is of course (6) 
ensuring that information is given appropriate weightage in 
arriving at and implementing development priorities. 

We are a part of a network, the Western Ghats Biodi¬ 
versity (WGBN) that is engaged in a co-operative re¬ 
search programme that aims at developing and putting 
into practice such a methodology^^. In this paper we 
wish to present a case study to illustrate steps (4) and 
(5) of this methodology namely evaluating elements of 
biodiversity and assessing habitat transformations in 
terms of how they affect biodiversity values. We will, 
however, supplement this discussion with some material 
relating to the other steps in this methodology. Their 
fuller details are being published elsewhere. 

Background of the study 

Our case study is situated in the hill chain of Western 
Ghats, running parallel to the west coast of India for 
over 1600 km from 8°N to 21°N latitude. In width the 
hill chain averages 100 km; its highest peaks are around 
1500 m to the north and 2600 m in the south. The rain¬ 
fall ranges from 3000 mm on the coast to 7500 mm on 
the Crestline, declining rapidly to the east. The Western 
Ghats constitute a substantial tract of tropical humid 
vegetation separated by over 1800 km from the larger 
contiguous tract of humid forest of Eastern Himalayas 
and Southeast Asia^\ In consequence this tract of high 
levels of diversity is also characterized by high levels of 
endemicity. Originally covered by ti'opical wet ever¬ 
green, moist deciduous and dry deciduous forests, the 
vegetation of Western Ghats has been profoundly modi¬ 
fied through human interventions, so that it is now an 
intricate mosaic of various degradation stages of the 
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natural forest types along with plantations of rubber, 
eucalyptus, wattle, casuarina, betelnut, fields of paddy 
and gardens associated with habitation. 

WGBN has initiated studies of the landscape of the 
Western Ghats, the distribution of biodiversity over this 
landscape and the ongoing transformations of the land¬ 
scape in 20 localities spanning the entire geographical 
spread of the hill chain^^. An area of about 25 km^ has 
been mapped in each of these localities with reference to 
habitats defined in terms of vegetation structure and 
composition as discernible on spatial scales of a hectare 
or more. We distinguish 45 habitat or landscape element 
types^ over the 20 localities; each locality has between 8 
to 15 of these. The local people are very familiar with 
how this landscape has been changing over the last 10 to 
20 years, what kinds of landscape elements are being 
transformed into what other kinds and what social and, 
economic forces are driving these changes. We thus 
have accounts of ongoing landscape transformations foi 
all localities based on oral history as well as official 
documents and maps. We have also surveyed to varying 
degree of completeness occurrences of species of birds, 
flowering plants, butterflies, freshwater molluscs, 
freshwater insects, freshwater fishes and caecilians in 
representative samples of elements of various habitat 
types in all the localities. Of these, the bird surveys are 
relatively complete and constitute the basis of this case 
study. A companion paper^^ in this issue provides fur¬ 
ther details. 

Habitat transformations 

For the purpose of this case study we have aggregated 
some of the landscape element types into fewer catego¬ 
ries, for instance merging secondary scrub and tree sa¬ 
vanna derived from degradation of evergreen forest as 
also a variety of tree monocultures such as rubber, 
eucalyptus, wattle and betelnut. Using the resultant 
seven categories, Table 1 summarizes the broad picture 


of ongoing transformations of the landscape in 15 of 20 
study localities. The seven habitat types are arranged 
roughly in order of departure from primary, natural to 
more and more human impacted types. The most evident 
tendency is for maintenance of the same type so that the 
diagonal elements are all shown as frequent in Table 1. 
The only other frequent element is the conversion of 
scrub into monoculture tree plantations of species like 
Acacia auriculiformes. The elernents above the diagonal 
indicate progression back to more natural types; these 
are largely absent or rare. The elements below the 
diagonal indicate conversions to more human impacted 
or fully managed types, these occur at a greater rate. 

A variety of development interventions lead to these 
transformations and our objective is to appraise them in 
terms of biodiversity values. As argued above, such ap¬ 
praisal may with profit be organized as a decentralized, 
participatory exercise. Birds, being attractive and read¬ 
ily identifiable down to species are in many ways 
amongst the most suitable groups of organisms for this 
purpose. They are, however, highly mobile and therefore 
more likely to use a wider range of habitats and often 
disperse into less preferred habitats from neighbouring 
more preferred ones. Bird communities are therefore 
likely to be less sensitive to habitat changes and should 
not be used as the only basis of appraising the implica¬ 
tions of habitat transformations for biodiversity values. 
Nevertheless, they are an appropriate choice as one of 
the components of such an exercise. 

The next step in evaluating implications of habitat 
transformations is identification of the bird species 
pools characteristic of different habitat types. We have 
attempted to do so on the basis of 132 one hour tran¬ 
sects distributed over the seven major aggregated habitat 
types of-the Western GhatsA total of 212 species 
were encountered in the coui’se of these transects. These 
do not provide information on the total species pools, 
but are only samples of the pools from each habitat type. 
Nevertheless these are a reasonable starting point for 
our further analysis. 


Table 1. A schematic summary of ongoing changes in the landscape 
of the Western Ghats 
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F Frequent; O, Occasional; R, Rare; A, Absent; SH, 
Shola/grassland; EV, Evergreen forest; SE, Semievergreen forest; 
DC, Deciduous forest; SC, Scrub/savanna; MP, Monoculture planta¬ 
tion; HB, Gardens around habitation. 


Valuing bird taxa 

We need to evaluate the bird species pools characteriz¬ 
ing the various habitat types. This is best based on an 
evaluation of the individual member species of the pool. 
This would be an exercise of quantifying the effort that 
the society might be willing to devote to ensure contin¬ 
ued persistence of any given species. This would depend 
on a variety of attributes of the species. They belong to 
three major categories: rarity, extent of threat of extinc¬ 
tion and utility^^. In general, rarer the species, the more 
threatened the species, the greater the utility of the spe¬ 
cies, the greater the effort that would be merited to en¬ 
sure its continued persistence. 
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We may then assign to any particular species a con¬ 
servation value reflecting this effort, such that the value 
would increase with rarity, extent of threat and utility. 
The actual values could either be ranks along a scale or 
a specific number. We propose to leave out attempts to 
quantify utility of bird species and assign quantitative 
values ranging between 0 and 1 on the basis of 7 attrib¬ 
utes relating to rarity and extent of threat. Four of these 
values relate to the geographical range: Gl, over the 
entire world divided into 6 zoogeographic regions; G2, 
over the oriental region divided into 9 subregions; G3, 
over the Indian subregion divided into 8 provinces; and 
G4, over the Malabar (Western Ghats plus West coast) 
province divided into 4 sections. The conservation value 
for a taxon by geographic range is given as: 

where N is the number of subdivisions at a given level 
and a is the number of subdivisions from which the 
taxon is known. This ensures that the more restricted the 
range on any of these scales, the greater would the con¬ 
servation value be. The conservation value of each taxon 
by habitat preference was computed as 

H=(N-a)/(N- 1), 

where N is the total number of bird habitat types over 
the Western Ghats region and a the number of habitats 
favoured by a given taxon. This ensures that the more 
limited the habitat range of a species, the greater would 
the value be. The conservation value of a taxon reflect¬ 
ing its taxonomic distinctness was calculated as: 

T=l/(axb), 

where a is the number of species known in the family to 
which the taxon belongs and b is the number of races 
under the species. Rarity is thus sought to be captured in 
terms of narrowness of geographical range, narrowness 
of habitat preference and limitations on number of re¬ 
lated taxa. The conservation value by degree of endan- 
germent was assigned as 

£' = p, 

where p is the proportion of endangered taxa in the 
family to which the taxon belongs. This methodology 
has been discussed earlier in some detail by Daniels et 
ai:\ 

Admittedly these attempts to capture rarity and en- 
dangerment in terms of broad patterns of geographical 
distribution, habitat preferences, taxonomic position and 
number of related taxa recorded as threatened are crude. 
Nevertheless they are based on information which is 
available for all bird species of Western Ghats, indeed 
of the whole country, and therefore permit an evaluation 
exercise which is reasonably objective and accessible 
for verification by all who may be interested^^”^^. This 



Figure 1. Distribution of composite conservation value in 586 spe¬ 
cies of birds in Western Ghats. 


overcomes problems which plague other more subjective 
exercises, including the listing of threatened species in 
lUCN sponsored red data books. Thus the peafowl 
(Pavo cristatus), the Nilgiri wood pigeon {Columba 
eliphinstonii), lesser adjutant stork {Leptoptilos javani- 
cus) and the redfaced malkoha (Phaenicophaeiis pyr- 
rhocephalus) are the 4 Western Ghats species included 
in the list of endangered species^^. However, of these 
four, the peafowl is widely distributed in India with 
many pockets of local abundance thanks to religious 
beliefs and the lesser adjutant stork is locally quite 
common in its appropriate habitat. 

Distribution of conservation values 

The 212 species encountered by us over the 132 tran¬ 
sects are a subset of the 586 species of the Western 
Ghats^^. We have computed for the set of 586 species of 
Western Ghats conservation values for each of these 7 
parameters, and a composite conservation value (CCV) 
as the sum of four values, namely the mean of the four 
values derived from geographical distribution and the 
other three values related to habitat preference, taxo¬ 
nomic uniqueness and degree of endangerment. As Fig¬ 
ure 1 shows, the CCV ranges between 0.66 for the 
Indian jungle crow, widespread, habitat generalist, a 
member of a speciose family with many races and of a 
family in little danger of extinction to 2.77 for crab 
plover, a wader with a restricted geographical distribu¬ 
tion, narrow habitat preferences, and the only species in 
the family Dromadidae. The cumulative frequency dis¬ 
tribution rises rapidly at either end, between 0.66 and 
1.11 and between 1.94 and 2.77, with about 520 species 
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Table 2. Conservation values of 28 selected species of birds from 586 species of Western Ghats 


HB No 

Species 

Rank 

CCV 

Gl 

G2 

G3 

G4 

H 

T 

E 

1063 

Grey hypocolius 

2 

2.28 

0.80 

0.00 

1.00 

1.00 

1.00 

0.33 

0.00 

260 

Rock bush quail 

4 

2.08 

1.00 

1.00 

0.85 

1.00 

1.00 

0.00 

0.11 

277 

Red spurfowl 

5 

2.07 

1.00 

1.00 

1.00 

1.00 

0.95 

0.00 

0.11 

1638 

Whitebellied shortwing 

7 

2.02 

1.00 

1.00 

1.00 

1.00 

1.00 

0.00 

0.02 

1637 

Rufousbellied shortwing 

7 

2.02 

1.00 

1.00 

1.00 

1.00 

1.00 

0.00 

0.02 

299 

Indian red junglefowl 

11 

1.99 

1.00 

1.00 

0.85 

1.00 

0.91 

0.00 

0.11 

599 

Redfaced malkoha 

12 

1.99 

1.00 

0.87 

1.00 

1.00 

1.00 

0.01 

0.01 

1220 

Mount Abu W.T. babbler 

13 

1.99 

1.00 

1.00 

0.85 

1.00 

1.00 

0.00 

0.02 

710 

Trogon 

14 

1.98 

1.00 

1.00 

0.85 

1.00 

1.00 

0.01 

0.01 

1135 

Yellowthroated bulbul 

15 

1.97 

1.00 

l.OO 

0.85 

1.00 

1.00 

0.01 

0.00 

1756 

Bourdillon’s blackbird 

16 

1.97 

0.80 

1.00 

1.00 

1.00 

1.00 

0.00 

0.02 

853 

Pygmy woodpecker 

19 

1.95 

1.00 

1.00 

1.00 

0,66 

1,00 

0.00 

0.03 

614 

Striated scops owl 

20 

1.94 

0.80 

1.00 

0.85 

1.00 

1.00 

0.01 

0.02 

1874 

Forest wagtail 

542 

1.09 

0.80 

0.37 

0.14 

0.00 

0.73 

0.02 

0.00 

135 

Brahminy kite 

543 

1.09 

0.80 

0.25 

0.00 

0.00 

0.78 

0.00 

0.04 

953 

Indian golden oriole 

545 

1.08 

0.60 

0.62 

0.42 

0.00 

0.65 

0.02 

0.00 

748 

Bluetailed bee-eater 

547 

1.07 

1.00 

0.00 

0.28 

0.00 

0.74 

0.01 

0.00 

130 

Crested honey buzzard 

549 

1.04 

0.80 

0.25 

0.00 

0.00 

0.74 

0.00 

0.04 

750 

Small green bee-eater 

553 

1.00 

0.60 

0.87 

0.42 

0.00 

0.52 

0.00 

0.00 

209 

Peregrine falcon 

554 

0.99 

0.00 

0.37 

0.00 

0.00 

0.87 

0.00 

0.03 

124 

Blackwinged kite 

555 

0.99 

0.40 

0.12 

0.14 

0.00 

0.78 

0.00 

0.04 

1884 

Grey wagtail 

556 

0.98 

0.60 

0.00 

0.00 

0.00 

0.83 

0.00 

0.00 

1006 

Indian myna 

557 

0.93 

0.20 

0.50 

0.14 

0.00 

0.70 

0.00 

0.02 

1407 

Brown flycatcher 

558 

0.90 

0.80 

0.00 

0.28 

0.00 

0.61 

0.00 

0.02 

917 

Eastern swallow 

560 

0.86 

0.00 

0.12 

0.00 

0.00 

0.83 

0.00 

0.00 

965 

Indian grey drongo 

561 

0.85 

0.80 

0.75 

0.42 

0.00 

0.35 

0.00 

0.00 

736 

W.B. kingfisher 

562 

0.73 ■ 

0.80 

0.62 

0.57 

0.00 

0.22 

0.00 

0.01 

1057 

Indian jungle crow 

563 

0.66 

0,80 

0.87 

0.71 

0.00 

0.04 

0.00 

0.02 


HBNo, Reference number of species as in ref. 15. 

CCV, Composite conservation value; Rank, Rank of the species according to its CCV; Gl, G2, G3, G4, H, T, E as in the 
text. 


Table 3. Distribution of composite conservation values in some 
broader groups of birds 


Group of birds 

Nosp 

Mg 

Mr 

Sdg 

Sdr 

t-val 

p-val 

Herons, egrets, bitterns 15 

1.22 

1.56 

0.24 

0.23 

-5.35 

0 

Hawks, vultures, etc. 
Pheasants, patridges, 

40 

1.45 

1.55 

0.25 

0.24 

-2.48 

0.01 

and quails 

Curlews, sandpipers. 

14 

1.72 

1.54 

0.23 

0.24 

2.61 

0.01 

snipes and woodcocks 

: 26 

1.39 

1.55 

0.13 

0.24 

-3.28 

0.00 

Babblers 

24 

1.78 

1.54 

0.13 

0.24 

4.86 

0 

Thrushes and chats 

29 

1.66 

1.55 

0.20 

0.25 

2.46 

0.01 


Nosp, Number of species of the respective group; Mg, Mr, Mean 
CCV of the group and the rest of the birds of Western Ghats; SDg, 
SDr, Standard deviation of CCV of the group and the rest of birds. 
The Mest was used for detecting the statistical significance of the 
difference between mean values. 

in the middle accounting for the values between 1.11 
and 1.94. The bottom 22 and top 21 species with com¬ 
posite values substantially higher or lower than the ma¬ 
jority are then of special interest. Fifteen out of these 
are birds of aquatic habitats, egrets, cormorants, cranes 
or skuas. Since our focus is on terrestrial habitats, we 


may take a closer look at the other species (Table 2). 
The species with highest conservation value include 
thrushes, babblers, woodpeckers, trogon, characteristic of 
forest habitats with narrow ranges at least at the subspecies 
level; and gallinaceous birds (quails, junglefowls, etc.) that 
are extensively hunted and thereby threatened. The species 
with the lowest conservation values include passerines, 
swallows, hawks and falcons with a broad range of habitat 
tolerance and a wide geographical distribution, many of 
whom have adapted to human presence. 

It is also of interest to examine the distribution of the 
composite conservation value amongst the broader 
groups of birds at family/subfamily level. Table 3 pro¬ 
vides this information for six groups for which the group 
values are significantly lower or greater than for the rest 
in the pool of 586 Western Ghats species. Two groups 
of water birds, herons and curlews, and one group of 
terrestrial birds, hawks and vultures have significantly 
low composite conservation values. These have all very 
broad geographical distributions. Although the hawks 
and vultures have a significantly higher value in terms of 
endangerment, and curlews and sandpipers significantly 
higher value because of their more limited habitat pref- 
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Table 4. Composite conservation value (CCV) of habitats 


Habitat 

No Trans 

No Birds 

SD 

Mean 

Composite conservatin value 

SD Max Min Med 

Shola/grassland 

11 

14.04 

4.14 

1.57 

0.05 

1.63 

1.47 

1.55 

Evergreen forest 

24 

18.45 

4.92 

1.47 

0.06 

1.57 

1.30 

1.45 

Semi evergreen fores 

13 

18.92 

4.25 

1.49 

0.05 

1.56 

1.40 

1.47 

Deciduous forest 

23 

18.95 

5.32 

1.44 

0.05 

1.58 

1.32 

1,44 

Scrub/savanna 

17 

17.88 

6,53 

1.40 

0.10 

1.59 

1.20 

1,41 

Monoculture plantation 

13 

13.46 

5,61 

1,40 

0.08 

1,56 

1.26 

1.39 

Home garden 

23 

21.39 

6.55 

1,37 

0.06 

1,47 

1.25 

1.38 

Paddy fields 

5 

19.00 

4.69 

1,30 

0.05 

1,36 

1.23 

1.32 


erence, their CCVs are still significantly lower than the 
general population. 

Three groups, namely thrushes and chats, pheasants 
and quails and babblers and laughing thrushes have sig¬ 
nificantly higher CCVs. These they owe in all three 
cases to more restricted geographical distributions, and 
in the case of pheasants and quails also to significantly 
higher degree of endangerment. Three other groups of 
birds are notable for relatively high values along some 
of the dimensions of conservation value, though their 
CCV is not significantly higher. These include ducks, 
geese, pigeons and doves that have significantly high 
values in terms of endangerment, and woodpeckers that 
have significantly higher values in terms of restricted 
geographical distribution. Virakkala et al}^ have sug¬ 
gested the use of woodpeckers as indicators of the 
health of forest habitats of Finland. For the terrestrial 
habitats of Western Ghats, the babblers would evidently 
be an appropriate choice as the group with the highest 
CCV. 

Valuing habitats 

Having thus quantified the conservation value at the 
species level, we can proceed to assign values to habi¬ 
tats on the basis of species they harbour. Most of the 
earlier exercises of this nature have primarily relied on 
species richness. An important advance in this context 
has been the use of taxonomic information as suggested 
by Vane Wright and his co-workers^^. Our concept of 
mean composite conservation value is another attempt in 
this direction. Table 4 provides the mean composite 
conservation value for the eight habitat types. It is no¬ 
table that the two habitat types with lowest mean CCV, 
gardens and scrub savanna are also richest in the number 
of species whereas more natural habitats like shola- 
grassland and evergreen forest harbour comparatively 
lower number of rarer species which have a high con¬ 
servation importance. This is because the former habi¬ 
tats are highly heterogeneous spatially and are colonized 
by a large number of opportunistic species with wide 
geographical distributions and broad habitat tolerances. 


It then appears appropriate not to base conservation de¬ 
cisions on simple species richness, strengthening the 
case for using a measure such as the mean composite 
conservation value. The mean CCV for shola-grassland 
is significantly higher than all other values, that of ever¬ 
green and semi-evergreen forests significantly higher 
than that of scrub-savanna and home gardens, and that 
of deciduous forests significantly higher than that of 
gardens (all statistically significant at /? < 0.05). The 
differences between evergreen forests, semi-evergreen 
or deciduous forests and monoculture tree plantations 
are not significant. A caveat is, however, in order here. 
All the localities surveyed by us are a highly intricate 
mosaic of several of these habitat types. In particular, 
the monoculture tree plantations surveyed are of small 
extent and tend to abut on patches of evergreen and de¬ 
ciduous forests. Their bird communities though often 
poorer in total number of species, are made up of many 
elements from neighbouring forest habitats. This may be 
the reason why their mean CCV is not significantly 
lower in comparison with evergreen and deciduous for¬ 
est types. 

Appraising transformations 

The next step is to combine the information on mean 
CCVs with that on ongoing habitat transformations and 
quantify their implications in terms of loss of biodiver¬ 
sity values. It is clear that the broad trend of transfor¬ 
mations is from the primary, more natural types of 
higher mean CCV to secondary, more human impacted 
types of lower mean CCV. This is intuitively obvious 
and our analysis may be said to have added little to our 
understanding. However, this is not entirely so. The 
most frequent transformation is from scrub to tree mo¬ 
nocultures, transformations which are often assumed to 
have adverse biodiversity consequences. Our analysis, 
however, suggests that this may not necessarily be the 
case; the mean CCV of monocultures is in fact slightly 
higher, though not significantly so. Another frequent 
transformation involves raising monoculture plantations 
in the shola-grassland systems. Forest managers argue 
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that this transformation in fact enhances biodiversity 
values as it enhances the net biomass^^’^^. Our analysis 
suggests otherwise, mean CCV for shola-grasslands be¬ 
ing significantly higher than that for monoculture plan¬ 
tations. 

This suggests that the analysis of the type presented 
here can indeed lead to non-obvious conclusions of 
relevance to management decisions, and therefore of 
value to development planning. Even if some of the 
other conclusions appear to be obvious, their being de¬ 
rived on the basis of an objective, verifiable methodol¬ 
ogy is still of value. However, we must emphasize that 
this is only a beginning and meant to demonstrate the 
significance of a possible methodology which in its pre¬ 
sent form has many undoubted shortcomings. The first 
most obvious shortcoming is the reliance on just one 
particular group of organisms - the birds. To enhance its 
usefulness, the analysis should be extended to as many 
other taxa as possible favouring different broader adap¬ 
tive zones available in that area. Secondly, our analysis 
leaves out of consideration the relative extent of differ¬ 
ent habitat types, at the local as well as regional scales. 
Thus not only may shola-grasslands be of considerable 
value because they harbour bird species with a high 
mean CCV, but also because this habitat type is of very 
limited distribution in higher reaches of the Western 
Ghats. Furthermore, its ongoing fragmentation may be a 
matter of serious conservation concern. It is necessary to 
elaborate specific methodologies to include these addi¬ 
tional considerations. 

Finally the all-important question of how the insights 
derived from such an analysis are to be incorporated in 
specific management decisions such as in taking up 
specific plantations activities, or at a larger scale in the 
broader process of development planning remains open. 
We suggest that before any developmental projects or 
broader land use changes are implemented, these type of 
studies, both in short and long term, will help us in a 
more reasonable cost benefit analysis upon which to 
base decisions to steer development on to a more sus¬ 
tainable and environmentally friendly path. Hopefully 
we will move in this direction as a more decentralized 
process of development planning takes root in the coun- 
try^^. The fact that the methodology sketched above 
easily lends itself to an objective, participatory exercise 
should render it easier to incorporate it in such a decen¬ 
tralized process of planning. 
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Mapping genetic diversity of Phyllanthus 
emblica: Forest gene banks as a new approach 
for in situ conservation of genetic resources 
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Departments of Crop Physiology and ^Genetics and Plant Breeding, University of Agricultural Sciences, Bangalore 560 065, India 


We have initiated efforts in identifying the *hot- 
spots’ of genetic variation of a few important me¬ 
dicinal plant species in south India. In this paper, we 
present our work on Phyllanthus emblica, one of the 
most important medicinal plant species in the sub¬ 
continent. Genetic diversity of four populations of P. 
emblica from south India were studied using isozyme 
analysis. Based on our results, we propose strategies 
for the long-term in situ conservation of the genetic 
resources of P. emblica. We introduce the concept of 
Torest gene banks’ as a viable alternative to the ex¬ 
isting methods of in situ conservation of genetic re¬ 
sources. In these gene banks, genetic diversity from 
different sources can be maintained in situ and al¬ 
lowed to ‘evolve’ with the exchange of gene pools 
within and among populations in the natural habi¬ 
tats. 


The Indian subcontinent constitutes a rich repository of 
medicinal plants that are used by various indigenous 
health care systems. Over 7000 species of plants are 
estimated to be used for medicinal purposes^'^. They 
form an important source of income to many forest 
dwelling communities'^"^. However, because of an indis¬ 
criminate use of these resources over time and fragmen¬ 
tation of habitats, many of these species are increasingly 
threatened and face the risk of becoming genetically 
impoverished. In south India alone, it is estimated that 
about 70 to 80 out of 300 species are either severely 
endangered or threatened (pers. commun., Foundation 
for the Revitalization of Local Health Traditions, Ban¬ 
galore). It is imperative that viable strategies to con¬ 
serve the surviving populations and their genetic 
resources of at least the critically important species are 
formulated to arrest further loss. However, for an effec¬ 
tive in situ conservation, it is important to identify the 
‘hot-spots' of genetic diversity; this can be done in two 
steps. First, an extensive geographic distribution map of 
the species needs to be developed to identify sites with 
viable population sizes. Second, among these sites, 
populations that are genetically rich need to be identi¬ 
fied. Such sites can then be considered for in situ con¬ 
servation of genetic resources. While there have been 


attempts to map the geographic distribution of the me¬ 
dicinal plants, that of identifying the ‘hot-spots’ of ge¬ 
netic variation has been singularly lacking. 

Recently we have begun to map the distribution of ge¬ 
netic diversity of a set of medicinal plant species, 
namely, Phyllanthus emblica, Terminalia bellerica, T. 
chebula, Sida rhombifolia and Embelia ribes over south 
India. In this paper, we focus on Phyllanthus emblica, 
one of the most important medicinal plant species. 
Based on our results, we propose a viable long-term 
strategy for the in situ conservation of genetic resources 
of Phyllanthus emblica in particular and of other me¬ 
dicinal plants in general. 

Materials and methods 

System 

Phyllanthus emblica L. (syn. Emblica officinalis 
Gaertn., Euphorbiaceae), a small to moderately sized 
tree, is one of the most important medicinal plant spe- 
cies^“^. It is indigenous to tropical south east Asia and 
occurs mainly in the dry or moist deciduous forests of 
central and southern India^"^^. Its fruits along with those 
of Terminalia bellerica and 7. chebula constitute the 
well-known ayurvedic drug ‘Triphala’, used as a purga¬ 
tive. The trees flower during January-March and fruit in 
November-December. The flowers are predominantly 
pollinated by wind^^’^^. The fruit is a berry with six nut¬ 
lets. 

Sampling 

Thirty Medicinal Plant Conservation Areas (MPCAs) 
spread over the three southern states, Karnataka, Tamil- 
nadu and Kerala have been established by the Founda¬ 
tion for the Revitalization of Local Health Traditions 
(FRLHT), Bangalore, for in situ conservation of me¬ 
dicinal plant species. Of these, 13 are located in the dry 
or moist deciduous forest, the likely habitat for Phyllan¬ 
thus. We selected seven of these sites such that they are 
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geographically isolated and represent diverse bio¬ 
geographic strata; of these, viable populations were 
found only in four sites (Figure 1). 

At each of the four MPCA sites, 10 to 15 fruits were 
collected from at least 25-50 randomly selected trees. 
The fruits were sun dried and the seeds from each fruit 
processed separately. 

Isozyme analysis 

At least ten randomly selected seeds from each tree of 
every site were sown in petri dishes containing mois¬ 
tened filter paper. Five or six days after germination the 
seedlings were extracted in Chase extraction buffer\^. 
The extracts were absorbed on wicks (Whatman no. 3) 
and stored in eppendorf tubes at 35°C, 

Several enzyme systems (AGO, ADH, ALD, AAT, 
DIA, GIDH, GuDH, GDH, GLY-3-P, HK, IDH, MDH, 
ME, MR, NADH DH, NADPH DH, 6-PGDH, PGM, 
PGI, SKDH, SuDH, TPI) were assayed. Of these, six 
enzyme systems (PGI, 6-PGDH, IDH, MDH, MR and 
TPI; for abbreviations see Table 1) that exhibited con¬ 
sistently good staining and polymorphism were selected 
for the analysis of the populations of Phyllanthus over 
the four MPCAs. 



Figure 1. Medicinal Plant Conservation Areas (MPCAs) in south 
India showing the sites surveyed and from where samples were 
drawn for estimating the genetic diversity of Phyllanthus emblica. 
The relative magnitudes of genetic diversity and allele richness are 
depicted as histograms. 


Table 1. Frequency of alleles of the various isozymes for 
populations of Phyllanthus emblica 


Alleles 



Allele frequency 


BRT 

Then 

Kol 

Pet 

Mean 

1 

Pgil 

0.61 

0.44 

0.97 

0.89 

0.69 

2 

Pgi2 

0.88 

0.86 

0.72 

0.73 

0.81 

3 

pgi3 

0.34 

0.00 

0.00 

0.21 

0.13 

4 

pgi4 

0.00 

0.00 

0.00 

0.05 

0.006 

5 

Pgi5 

0.77 

0.65 

0.86 

0.68 

0.74 

6 

pgi6 

0.97 

0.83 

0.97 

0.94 

0.93 

7 

pgdl 

0.27 

0.41 

0.64 

0.73 

0,47 

8 

pgd2 

0.93 

0.72 

0.91 

0.89 

0.86 

9 

pgd3 

0.72 

0.76 

0.97 

0.89 

0.82 

10 

pgd4 

0.04 

0.02 

0.00 

0.00 

0.02 

11 

idhl 

0.38 

0.25 

0.08 

0.05 

0.22 

12 

idh2 

0.45 

0.58 

0,64 

0.52 

0.55 

13 

idh3 

0.29 

0.23 

0.27 

0.42 

0.28 

14 

mdhl 

0.90 

0.04 

0.00 

0.78 

0.39 

15 

mdh2 

0.02 

0.90 

0.97 

0.63 

0.61 

16 

mdh3 

0.93 

1.00 

1.00 

0.94 

0.97 

17 

mdh4 

0.72 

0.60 

0.75 

0.84 

0.71 

18 

mdh5 

0.06 

0.00 

0.02 

0.05 

0.03 

19 

mrl 

0.27 

0.13 

0.81 

0.39 

0,38 

20 

mr2 

0.04 

0.18 

0.16 

0.23 

0.14 

21 

mr3 

0.38 

0.39 

0.37 

0.39 

0.38 

22 

mr4 

0.97 

0.95 

0.97 

0.92 

0.96 

23 

mr5 

0.43 

0.20 

0.59 

0.65 

0.43 

24 

mr6 

0.09 

0.00 

0.08 

0.07 

0.05 

25 

tpil 

0.52 

0.47 

0.62 

0.63 

0.54 

26 

tpi2 

1.00 

0.93 

0.97 

0.94 

0.96 

27 

tpi3 

1.00 

0.81 

0.94 

0.94 

0.92 

28 

tpi4 

0.84 

1.00 

0.94 

0.94 

0.93 

29 

tpi5 

0.56 

0.74 

0.72 

0.73 

0,68 

30 

tpi6 

0.97 

0.88 

0.94 

0,94 

0.93 

31 

tpi2a 

0.02 

0.00 

0.00 

0,36 

0,05 

32 

tpil a 

0.00 

0.00 

0.00 

0.39 

0.05 

33 

pgi la 

0.00 

0.00 

0.00 

0.05 

0.006 

Diversity 

index 

Richness 

Evenness 

1.373 

30 

0.929 

1.340 

26 

0.947 

1.353 

26 

0.956 

1.426 

32 

0.948 



pgi, phosphoglucose isomerase; pgd, 6, phosphogluconic acid; idh, 
isocitrate dehydrogenase; mdh, malate dehydrogenase; mr, 
menadione reductase; tpi, triose phosphate isomerase. Suffixes to the 
enzyme indicate the bands (alleles). The numbers are from slowest 
moving (cathodal) to fastest moving (anodal) bands. BRT, BR Hills; 
Then, Thenmalai; Kol, Kolihills; Pet, Petchiparai. 


Samples were electrophoresed at 4°C using 9 per cent 
starch gel (Sigma, USA) at 150-200 volts and 50 mA 
for about six hours (gels were allowed to over run to 
facilitate a better separation of the isozymes). The gel 
buffer was histidine-HCl (pH 7.0) while the tray buffer 
was tris-citrate (pH 7.0) (ref. 14). After electrophoresis, 
the gels were horizontally sliced and stained for the en¬ 
zymes using the agar-overlay method*^. The gels were 
fixed in acetic acid : alcohol and scored for the isozyme 
bands. 
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Data analyses 


Mean abundance of all alleles in a site 


Analysis of the zymograms was done using electro- 
morphs (alleles) as the isozyme descriptors. The pres¬ 
ence of a band was scored as 1 and its absence as 0. In a 
few cases, where the bands could not be scored unambi¬ 
guously, a value of 0.5 was assigned. From the six 
polymorphic enzyme systems, 33 different allelomorphs 
were detected. TPI yielded the highest number of al¬ 
lelomorphs (8), followed by PGI (7), MR (6), MDH (5), 
6-PGDH (4) and IDH (3). In the Petchiparai population, 
three rare alleles, one of PGI and the other two of TPI, 
were recovered (Table 1). 


We also computed the mean relative abundance of all 
alleles together in a site and the mean CV for their fre¬ 
quency occurrence. Sites with high mean relative abun¬ 
dance of all alleles but with low CV would merit a 
greater conservation value than others as they are rela¬ 
tively rich in genetic diversity. Such sites are likely to 
have a higher representation of most of the alleles in 
relatively invariant proportions. 

Results and discussion 


Diversity analysis 


The frequency of different electromorphs (alleles) for 
the six enzyme systems (totally 33 bands or alleles) was 
computed for each population. Diversity, evenness and 
richness indices were computed following Ludwig and 
Reynolds^^ by using allele frequency for that of species 
(pi) in the respective formulae. 

Squared Euclidean distance (SED) was computed 
between all combinations of individuals among the four 
populations following Ludwig and Reynolds^^ as: 


SED;^ = SQR 


i 

^{Xy-X,,T2 


V/=I 


where, Y,/ and are the abundance of the ith allele in 
population j and k respectively and I is the total number 
of alleles. From the matrix of these distances, a dendro¬ 
gram of the four populations was constructed following 
a minimum variance technique. 

The allelomorph data of the populations was subjected 
to principal component analysis to examine the disper¬ 
sion of individuals belonging to different sites on a few 
principal component axes. 


Relative abundance of alleles 

For each site, the relative abundance of an allele was 
computed as a ratio of its frequency in the site to that in 
all the sites. A ratio of 1 suggests that the site is similar 
to the whole population; if it exceeds 1, then such 
populations have a relatively higher frequency of the 
alleles. The coefficient of variation (CV) for the occur¬ 
rence of an allele within a site was also computed. The 
relative abundance of an allele was then plotted against 
their respective CVs. From the point of conservation, 
populations with high value of relative abundance and 
high CV are most desired. 


Allele diversity 

The population at Petchiparai (PET) had the highest 
allelic diversity followed by that from BRT Hills (BRT), 
Kolihills (KOL) and Thenmalai (THEN; Figure 1, Table 
1). Allele richness was also highest for PET (32), fol¬ 
lowed by BRT Hills (30), KOL (26) and THEN (26). 
The greater number of alleles in PET seems to be con¬ 
tributed by the occurrence of three additional alleles in 
this population, one of PGI and two of TPI (Table 1). 
Thus based on both diversity and richness index, the 
population at Petchiparai appears potentially promising 
for any conservation efforts. The evenness index was 
highest for population from KOL followed by that in 
PET, THEN and BRT Hills (Table 1). 

The first four component axes explained 42.4% of the 
total variance in the data set. There was a clear segrega¬ 
tion of the individuals belonging to BRT Hills from 
those belonging to THEN and KOL. The population 
from Petchiparai was distributed across the whole space 
(Figure 2). The population at BRT and THEN appeared 
to complement each other in the dispersion. The disper¬ 
sion pattern was essentially similar when plotted on the 
other principal component axes. The squared Euclidean 
distances among the four populations suggest that the 
populations at THEN and KOL are more closely related 
than any other pairwise combination of populations. 
Furthermore, the population at PET pervaded the entire 
spectrum of characteristics of the populations at BRT 
Hills, THEN and KOL. Cluster analysis indicated two 
distinct clusters or groups (Figure 3). The first cluster 
comprised the populations at THEN and KOL while the 
second cluster comprised populations at BRT Hills and 
PET. 


Relationship between CV for occurrence of an 
allele and mean relative abundance of an allele 

Relative abundance of most of the alleles was greater at 
Petchiparai than in other populations (Figure 4 a-d). For 
four alleles (nos 4, 31, 32, 33), the mean ratio of allele 
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PC AXIS 1 

Figure 2. Principal component analysis of the populations of Phyllanthus embUca. Note that the population 
from Petchiparai is dispersed all over the principal component space. 



Figure 3. Dendrogram of the clustering of various populations of 
Phyllanthus emblica. 

frequency was highest compared to other populations; in 
fact the alleles 31, 32, 33 are present only in the Petchi¬ 
parai population. Further, a number of alleles were 
found to exhibit a substantial CV for their frequency. 
Eleven of the 32 alleles from the PET population had a 
CV > 100% and a mean ratio of relative abundance > 1. 
Thus it appears that the population at Petchiparai is ge¬ 
netically very rich yet diverse with respect to the occur- 
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rence of the various alleles. This is also apparent from 
the relation between the mean relative abundance of all 
the alleles and their CV (Figure 5). The population from 
PET had the highest mean frequency occurrence of the 
alleles with a CV corresponding nearly to that of the 
entire population. Thus PET population appears to be 
the most important for in situ conservation. 

Implications for in situ conservation of genetic 
diversity 

Our study shows that on several criteria, the population 
at Petchiparai is most diverse genetically and represents 
the entire spectrum of variability existing in other 
populations. Thus, the Petchiparai population can be 
regarded as a potential ‘hot-spoP of genetic variation of 
Phyllanthus and can be considered for in situ conserva¬ 
tion. Our studies are concentrated mostly on the MPCAs 
of FRLHT. We are not sure if there could be other sites 
more potential than PET. Nevertheless conservation 
plans for the MPCAs could be based on these results. 
Accordingly we propose the following alternative 
strategies for in situ conservation of genetic diversity of 
Phyllanthus emblica. 

Strategy L As a priority, the population at PET may be 
targeted for conservation. This would ensure the conser- 
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Figure 4. Relation between the mean ratio of relative abundance of an allele with the coefficient of variation for the frequency occurrence of 
the allele, («) BRT Hills, (b) Thenmalai, (c) Kolihills, and {d) Petchiparai. The figures show an arbitary cut-off of coefficient of variation 
(CV) > 100 % and mean ratio > 1. The alleles in the top right quadrant are most variable with respect to their occurrence within a population 
but with a higher mean allele abundance relative to the entire population. The numbers refer to alleles (for details see Table 1). 


vation of a relatively rich proportion of genetic diversity 
representative of that existing in other populations. Be¬ 
sides, because of the presence of a few alleles exclu¬ 
sively in this population, conservation at this site also 
ensures preservation of rare alleles. 

Strategy 11. In the event that the population at PET can¬ 
not be conserved, the population at BRT Hills and 
THEN may be conserved together to represent the entire 
array of variability. 

Forest gene banks 

The above strategies, however, may not still ensure con¬ 
servation of the complete gene pool of the species. We 
hence propose establishment of ‘Forest gene banks’ as a 
viable alternative to the conventional in situ conserva¬ 
tion sites, ex-situ gardens and field gene banks. We en¬ 
visage these forest gene banks as in situ sinks into which 


gene pools from various source sites are introduced and 
maintained so as to serve as a repository of the gene pool of 
the species. In these banks, apart from maintaining the 
‘global’ allelic set of the species, there would be a contin¬ 
ues turnover of the genetic material within and among 
populations. In other words, such banks combine the vir¬ 
tues of both in situ conservation sites as well as those of 
the ex situ gardens and field gene banks. In these banks, 
genetic diversity would be allowed to ‘evolve’ as it 
would in any other natural habitat. 

Ex-situ gardens and field gene banks are particularly 
of limited use in maintaining the gene pool of species 
that are long-lived and cross-pollinated. Because of the 
relative insulation of the populations in such conserva¬ 
tion sites, mating would be constrained, leading to de¬ 
cline in genetic diversity over time. Further, successive 
generations at these sites may also express high degree 
of inbreeding depression. Forest gene banks attempt to 
overcome these limitations. 
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Figure 5. Relation between mean abundance of all alleles at a site 
with the coefficient of variation for the frequency occurrence of the 
alleles (see text for details). 


Establishment afforest gene banks 

The establishment of forest gene bank for a species will 
involve three steps. First, it requires mapping the geo¬ 
graphic distribution and genetic diversity of the species. 
Second, from among these sites, it is necessary to iden¬ 
tify the sites which can serve as donors (from where 
gene pool could be imported) and recipient (a genetic 
hot-spot and a sink to receive the gene pool from out¬ 
side), The choice of the donors and recipients can be 
guided among several criteria, by the extent of genetic 
variation in the population, the presence of rare alleles, 
population size, local heterogeneity, etc. Ideally, recipi¬ 
ents could be those which are allele lich and have a 
broad genetic base while donors could be those that 
contain rare alleles. The actual process of gene ex¬ 
change can occur either through transfer of seeds and/or 
pollen depending upon the species. The interval 
at which such gene exchange can occur may also depend 
upon the longevity of the species and its breeding sys¬ 
tem. A number of medicinal plant species face the pros¬ 
pect of being endangered and threatened. In these 
species, because native populations are highly frag¬ 
mented and rapidly shrinking, conventional methods of 
conservation of genetic resources is besieged 
with problems. In these situations, forest gene banks 
can serve as a practical and profitable strategy of con¬ 
serving and importantly enriching the extant genetic 
resources. 


Forest gene banks for Phyllanthus emblica 

There are virtually no systematic efforts for the conserva¬ 
tion of genetic resources of Phyllanthus in the country. For 
example, as a part of a programme on conservation of ge¬ 
netic resources of arid fruit crops, 16 germplasm accessions 
of Phyllanthus emblica are being maintained in ‘field gene 
banks’ in parts of central India'’. Such limited number of 
accessions in the gene banks, apart from not being repre¬ 
sentative of the population genetic variability, shall also 
lead to severe inbreeding depression over time in cross 
pollinated species such as Phyllanthus emblica. Based 
on the results of our study, we propose that forest gene 
bank be established at BRT Hills or Thenmalai. The 
gene pool from other sources can be incorporated into 
such forest gene banks. This can be achieved by intro¬ 
ducing either pollen or seed material into these sites 
from Petchiparai. Because of its cross pollinated nature, 
dusting of pollen grains may be worthwhile though 
techniques for pollen storage may have to be standard¬ 
ized. The genetic diversity could be monitored with fre¬ 
quent enrichment from other sources. 
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The Western Ghats are amongst the 18 biodiversity 
hot-spots recognized globally. These hills are known 
for their high levels of endemism expressed at both 
higher and lower taxonomic levels. Conservation 
assessment has heavily relied on the endemic biodi¬ 
versity as an attribute. However, taxonomic uncer¬ 
tainties that prevail have frustrated biologists in 
exercises leading to conservation assessment in the 
Western Ghats. The paper briefly highlights this, 
paying special attention to the endemic biodiversity. 


Conservation assessment of any given geographical 
space is to 1) state in quantitative terms the uniqueness 
of that area and 2) to qualitatively distinguish it from 
other similar areas. Bio geographers and conservationists 
have assessed the conservation values of geographical 
areas based on various attributes. Of these, species rich¬ 
ness and the levels of endemism expressed in them have 
been popular. Conventionally, higher conservation val¬ 
ues have been attributed to geographical areas wherein 
biodiversity richness and endemism are expressed at 
higher taxonomic levels, thereby identifying biodiversity 
centres, hot-spots and reserves^”^. 

Endemism is considered to be an important attribute 
in conservation assessment. Endemism is in general ex¬ 
pressed at various .taxonomic levels; from localized 
populations, races and species to genera, families and 
orders. Endemism above the level of orders, i.e. in 
classes or phyla are more difficult to find except in the 
oceans. Thirteen animal phyla, for instance, are endemic 
to the oceans. At a lower taxonomic level, orders can be 
endemic to vast geographical areas like those of conti¬ 
nents. Take for example ostriches in Africa. They be¬ 
long to the order Struthioformes, which is endemic. 
Endemic families appear at even smaller geographical 
scales. The family Uropeltidae amongst snakes is en¬ 
demic to Western Ghats and Sri Lanka. We then find 
endemic genera, species, subspecies/races and popula¬ 
tions. Such forms of endemic biodiversity emerge at 
scales of subregions, provinces and landscapes. 

Endemism as mentioned earlier can be measured at 
any taxonomic level. In conservation assessment exer¬ 
cises, the magnitude of endemism at any given level is 
expressed as an absolute number or fraction relative to 


the total biodiversity therein. Such expressions while 
useful, are very sensitive to the systematic and taxo¬ 
nomic correctness of the organisms under concern. Un¬ 
certain systematic position and taxonomy of organisms 
can play havoc in conservation assessment. In what fol¬ 
lows, I wish to highlight certain difficulties in conserva¬ 
tion assessment posed by taxonomic uncertainties 
limiting myself to the endemic biodiversity of the West¬ 
ern Ghats. 

The Western Ghats are amongst the 18 globally rec¬ 
ognized biodiversity ‘hot-spots’. These hills of south¬ 
western India have been attributed this status thanks to 
the high levels of endemic forms of biodiversity - of 
genera, species and races, as well as the severe threats to 
such biodiversity posed by humans. Of those that we 
have recognized and named, it is generally accepted that 
nearly 2000 species of higher plants, 84 species of 
fishes, 87 species of amphibians, 89 species of reptiles, 
15 species of birds and 12 species of mammals are en¬ 
demic to the Western Ghats"^"^. The existing number of 
endemic species amongst lower animals (with the ex¬ 
ception of butterflies), lower plants and microorganisms 
remains unknown even today. 

Taxonomic uncertainties exist at various levels in the 
Western Ghats’ biodiversity. As apparent from taxo¬ 
nomic literature and check-lists of species, nomenclatu- 
ral and systematic changes are more frequent at higher 
taxonomic levels, especially generic, than at the level of 
species. For example, let us consider endemism in am¬ 
phibians at the generic level. Four out of 19 genera of 
anurans found in the Western Ghats are endemic (21%). 
Melanobatrachus, Nyctibatrachus, Nannobatrachus and 
Ranixalus, amongst frogs, were considered endemic to 
the Western Ghats^. More recently Ranixalus has been 
merged with Indirana, a genus erected from Rana with 
all its 9 species endemic^. Current nomenclature changes 
at the generic level have merged Nannobatrachus with 
Nyctibatrachus and erected Hoplobatrachus out of Rana 
(S. K. Dutta, pers. common). While the total number of 
genera of anurans in the Western Ghats has remained 
unchanged, the endemic genera are just 3 (16%), viz. 
Melanobatrachus, Nyctibatrachus and Indirana. The 
Indian Pond or Green frog, the much maligned amphib¬ 
ian, was known as Rana hexadactyla till about 1990 
(ref. 8). In 1992, it became Occidozyga hexadactyla^. 
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Currently, it is Euphlyctis hexadactyla (S. K. Dutta, 
pers. commun). These examples are just illustrative of 
taxonomic uncertainties at the levels above the species 
that we can highlight. 

There are several other examples highlighting taxo¬ 
nomic uncertainties at the level of species as that in fish 
(Danio aequipinnatus vs D. malabaricus^^), lizards 
{Calotes rouxi vs C. and Psammophilus 

speciesI am not a systematist and hence the least 
competent in reviewing nomenclatural changes and the 
associated uncertainties. My concern is about how these 
affect ecological and biogeographical analysis and 
interpretation of biodiversity and hence conservation 
assessment of the Western Ghats. 

Lists of species have conventionally been the starting 
point in the conservation assessment. Such lists, except 
maybe in the case of birds, are quite full of taxonomic 
uncertainties. Such uncertainties are the results of 1) a 
genuine difficulty faced by systematists in correctly as¬ 
certaining the taxonomic status of an organism as that 
discussed above and 2) the difficulty in accessing ade¬ 
quate information against which confirmation is possi¬ 
ble. Whereas the first type of uncertainty is typical of 
systematics, the second can be avoided. 

The Western Ghats are currently the biogeographic 
province of focus in the context of biodiversity invento¬ 
rying and management. Several new initiatives, the chief 
being that wherein local undergraduate college teachers 
have been deployed^^, are being currently taken to better 
understand the biodiversity - patterns of distribution, 
endemism and loss, in the Western Ghats. Such exei- 
cises aimed at developing inventories, analysing biodi¬ 
versity patterns and assessing specific localities for their 
conservation value in the Western Ghats rely heavily on 
taxonomic and biogeographical literature. Unfortunately 
in India, such literature is scattered, often published in 
non-peer reviewed journals and inaccessible. As a re¬ 
sult, frequently, mistaken identities lead to publications 
claiming species endemic to Western Ghats (e.g. Rana 
keralensis) as occurring in northeastern India^"^ or the 
Andaman and Nicobar Islands^^ and those endemic to 
Sri Lanka, in the Western Ghats^^. 

It is heartening to see that more and more efforts are 
being made to understand and monitor India’s biodi¬ 


versity. Efforts such as using students to do this exten¬ 
sive job^^ need tremendous encouragement and support 
from our scientific community. What is however lacking 
is a concerted effort to update and make available the 
correct taxonomic status of at least the fraction of 
India’s biodiversity that has been so far identified, 
especially in biodiversity hot-spots. 

In this ‘information age’ we should make every effort 
to have databases of local and provincial biodiversity, 
especially of globally important areas such as the West¬ 
ern Ghats, and render them electronically accessible 
through the internet. Such databases should provide in¬ 
formation on current taxonomy of every known organ¬ 
ism, the synonyms and sources, a directory of museums 
where specimens are available for reference, experts 
who could be consulted and the geographical range over 
which the organism is definitely known to occur. Con¬ 
servation assessment of the Western Ghats will thus be 
made more effective than it has been hitherto. 
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In this paper, we analyse the life history strategies 
that predispose plant species to become rare, endan¬ 
gered and threatened. We show that specific features 
such as habit, pollination and dispersal modes might 
be important in rendering plants to become threat¬ 
ened. 


Understanding rarity has been an important task 
among plant ecologists. There are many ways by which 
a species can become rare and the process has diverse 
ecological consequences\ Human-induced perturba¬ 
tions such as habitat loss are identified as one of the 
important causes of rarity. However, intrinsic features 
such as breeding behaviour, dispersal modes, habitat 
specificity, etc. are also likely to govern the distribu¬ 
tion and survival of species in their natural habitats 
and hence might render species to become rare and 


endangered^’^. There are, however, only a few studies 
comparing such life history traits between rare and 
common species"^'^. Our earlier analysis has revealed 
that among Indian orchids, a greater proportion of 
species occupying terrestrial habitat are endangered 
than the epiphytic species and rare orchid species dif¬ 
fer in their flowering phenology compared to the 
common ones"^. In this article we compare a few life 
history traits of rare/endangered (RE) species of South 
Indian flora with those of common ones so as to iden¬ 
tify specific life history syndromes, if any, that predis¬ 
pose a species to become RE. 

For a set of 487 rare/endangered (including ‘rare’, 
‘endangered’ and ‘vulnerable’ groups) angiosperm 
species of South India, listed by the Plants Threatened 
Committee, International Union for Conservation of 
Nature^, we developed a database on their life form 
(herb or shrub or tree or liana) and reproductive 


Table 1. Distribution of RE species into different life forms 


Life form 

Number of species 

Observed 

Expected* 

Herb 

197 (40.29) 

251 (51.54) 

Shrub 

150 (30.68) 

91 (18.68) 

Tree 

122(24.98) 

116 (23.82) 

Liana 

20 (04.09) 

29 (05.96) 

Total 

487 (100.00) 

487 (100.00) 


= 52.97, 3, P< 0.001. 

*Computed based on random sample of 1214 species of flora of south India^. Values in the 
parentheses are percentages calculated for each column total. 


Table 2. Distribution of RE species into different dispersal modes 


Dispersal mode 

Number of species 

Observed 

Expected* 

Animal 

186(38.19) 

86 (17.66) 

Wind/water 

117(24.02) 

170 (34.91) 

Explosive 

184(37.79) 

231 (47.43) 

Total 

487 (100.00) 

487(100.00) 


= 142.00, d/= 2, P< 0.001 

^Computed based on data {N = 855) from Uma Shaanker et al}. Values in the parentheses are 
percentages calculated for each column total. 
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Table 3. Distribution of RE species into different dispersal units 



Number of species 

Dispersal units 

Observed 

Expected * 

Seed 

201 (41.27) 

276 (56.67) 

Pod/fruit 

286 (58.73) 

211 (43.22) 

Total 

487 (100.00) 

487(100.00) 


1^ = 47.04, J/=1,P< 0.001 

*Computed based on data (A^=:883) from Uma Shaanker et al 
Values in the parentheses are percentages calculated for each column 
total. 

features, viz. dispersal modes (animal or explosive or 
wind/water), and dispersal unit (fruit/pod or seed) by 
consulting various published botanical sources such as 
floras of various regions of South India, forestry litera¬ 
ture, Red data book of lUCN, and other published 
sources^. Frequency tables were constructed for the 
various categories of the three features and were com¬ 
pared with those observed from natural flora (random 
sample obtained from Gamble'^; Uma Shaanker et al}). 

test was adopted to analyse the goodness of fit of 
the data with the expected®. 

Significantly more of shrubs and less of herbs, than 
expected from a random distribution among natural 
flora, appear to be in the RE group (Table 1); frequency 
of trees and lianas did not differ from that expected 
based on the natural frequency. This suggests that 
shrubs have a higher risk of becoming endangered than 
herbs. Data on the modes of dispersal suggest that a 


greater fraction of species that disperse their propagules 
through biotic agents than through wind/water or by 
passive means (explosive) are likely to become RE 
(Table 2). Further, RE species tend to have fruit (or 
pod) as the unit of dispersal than seed (Table 3). Strong 
associations between modes of dispersal and pollination 
have been identified for several flora®. Hence it is likely 
that RE species depend on biotic vectors for their polli¬ 
nation also. Any limitations of these vital vectors may 
jeopardize successful reproduction of these RE species. 
At this stage it is difficult to conclude whether the 
observed patterns among RE species are the conse¬ 
quences or cause of their rarity. It may be important to 
use these syndromes as thumb rules to identify the RE 
species and to concentrate our conservation efforts on 
these species. 
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Few studies are available on the role of interference 
behaviour in structuring competition hierarchy in 
the ant community. The present study examines the 
aggressive interference behaviour of different 
ground foraging ant species in a tropical evergreen 
forest habitat in relation to the positions different 
species held in the interspecific competition hierar¬ 
chy. The territorial species, Oecophylla smaragdina 
was consistently aggressive towards other species 
and affected their activities even when it was not 
numerically dominant at the bait. Similarly, species 
higher in the hierarchy that were more aggressive 
affected the activities of species lower in the hierar¬ 
chy at the bait. 


Interspecific competition in the form of exploitation 
and interference has been demonstrated conclusively in 
ants^ While evidence like resource partitioning suggests 
exploitative competition, a number of studies also show 
the importance of interference interaction in the structur¬ 
ing of the ant community^"^. But despite an overall rec¬ 
ognition of the presence of interference interactions 
within ant communities, only a few studies have quanti¬ 
fied the interspecific aggression and traced its role in 
mediating the competition hierarchy in ants. Again many 
of these studies are from the temperate or sub-tropical 
zones leaving a lacuna in observations from the re¬ 
source-rich tropical forest habitats. 

This study attempts to correlate the interspecific 
aggressions with the positions different ground foraging 
ant species hold in the competition hierarchy and as¬ 
sesses the role of interference competition in mediating 
competition hierarchy in the ground foraging ants as¬ 
semblages in a tropical wet evergreen forest in the West¬ 
ern Ghats in Karnataka state (South Kanara district). The 
following questions were addressed: (i) Do species higher 
in the competition hierarchy gain dominance in the hierar¬ 
chy through aggressive behaviour displayed towards spe¬ 
cies lower in the hierarchy at ephemeral food sources? 
(ii) How does interference behaviour determine the co¬ 
existence of different species in the community? 


To answer the above questions, the competition hier¬ 
archy was first identified following Schoener’s scheme^. 
The hierarchy includes 1) territorial species (that defend 
the foraging area, food and the nesting site), 2) encoun- 
terer species (that defend the food and the nesting site), 
and 3) submissive species (that defend only their nesting 
sites). Evidence for the interference competition was 
sought from the observations on the behaviour of differ¬ 
ent species at baits (simulating ephemeral food sources) 
and utilization of the same by different species. 

Methodology 

The study was conducted in an undisturbed evergreen 
forest near the Uppangala village located at the bound¬ 
ary between South Kanara and Kodagu district 
(75^40'22" E Long. 12°32'35'' N Lat.) in the central 
Western Ghats. The average annual rainfall in this area 
is between 3000 and 3500 mm and has 4.5 to 5 dry 
monthsActivities of the species were measured by 
placing baits within 0.5 x 0.5 m square frames (bait 
quadrats). The baits were 1) placed randomly at 8 points 
during 1990 and 1991 and 2) placed at 15 points along 4 
transacts (100 m apart) during 1993. Minimum distance 
between any two bait points was at least 100 m. The 
study was conducted during the dry seasons of 1990 
(February through April), 1991 (February through May) 
and 1993 (March). Honey solution and dried fish were 
used as baits. The quantity of the bait items was kept 
constant and replenished as and when necessary. Only 
species that frequently visited the baits were considered 
for analysis. Species that were not territorial but showed 
more than 10% of the total number of cumulative ag¬ 
gressive behaviours of all species were considered as 
encounterers and others were considered as the submis¬ 
sive opportunists. If the abundance of a species was 20 
individuals during any observation session, it was con¬ 
sidered to be dominant in that session and, if only the 
dominating species was present during any five-minute 
observation session at a particular bait, was it consid- 
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ered to be monopolizing the bait. Activities of different 
species at a bait were monitored at hourly intervals. The 
duration of each experiment was five minutes and this 
was conducted through the day. Behavioural interactions 
among the species present on the bait were recorded 
within each five-minute observation session. Frequen¬ 
cies of the various aggressive behaviours were then cal¬ 
culated. ‘Attack’ and ‘chase’ were considered active 
aggression. ‘Indirect threat’ in the form of ‘avoidance 
is described as when one species changes its path when 
faced with an aggressive individual of another species. 
An individual would ‘attack’ another by biting the lat¬ 
ter’s antennae or mandible. Often an individual ‘chased’ 
another from the bait eliciting escape by the latter. 

Multiway contingency tables were used to analyse 
species interactions at the baits. The variables in the 
contingency tables were chosen keeping the territorial 
species, one of the encounterer species and one of the 
submissive species. Species were categorized into abun¬ 
dance classes to avoid zeros in the table. The following 
abundance scale was used: 0-1 individual = 1, 2-5 in¬ 
dividuals = 2, 6-20 individuals = 3, 20-100 individu¬ 
als = 4, >100 individuals = 5. If any three-way 

association model was non-significant, simpler models 
were tested. 

An index of the ability of finding food items by dif¬ 
ferent species was calculated in the following manner: if 
a species found a food item during the first hour of the 
observation, it was assigned a rank of 6 and consecu¬ 
tively if a species found a food item during the sixth 
hour of observation, it was assigned a rank 1; all other 
values lay between these two extremes. All the scores 
for particular species were then summed up to obtain the 
index of ability of a species in finding out food items. 


Results 

Species at baits 

A total of 778 observations were made at 24 bait sta¬ 
tions during the dry seasons of 1990, 1991 and 1993. 
Observations were assumed to be independent of each 
other. Nineteen species occurred at the baits, of which 

15 were found in more than 5 cumulative observations 
(Table 1). This is about the half of the local species 
pool^°. Of 15 species, 9 species that frequently visited 
the baits were classified following Schooner’s^ scheme 
into territorial, encounterer and submissive species 
based on qualitative observations. Oecophylla smarag- 
dina was found to be the only territorial species. Phei- 
dole sp. 1 and Tetramorium tortuosum were the 
encounterers and the rest were found to be submissive. 

Bait occupancy 

Although 10 species showed higher abundance, i.e. were 
dominant at some observation or the other at baits, only 
5 species were dominant in more than 5% of the total 
observations. Pheidole sp. 1 occurred at maximum num¬ 
ber of baits (n = 21, 87.5%) followed by Aphenogaster 
beccarii (n - 19, 79.71%). O. smaragdina occurred at 

16 out of 24 baits (66.67%). Pheidole sp. 1 was re¬ 
corded in maximum number of observations (n = 420, 
53.98%) followed by O. smaragdina (297, 38.17%). 

Dominance and monopolization 

A total of 305 observations (39.2% of total number of 
observations) were dominated by some species or the 


Table 1. Summary of bait occupancy, domination and monopolization of 15 common species 

% 5-minute % 5-minute % 5-minute 

% Baits observation observation observation 

■cies occupied occupied dominated monopolized 


Pheidole sp. 1 
Aphe n p gas ter be cca ri 
Monomorium sp. 1 
Oecophylla smaragdina 
Phedologiton sp. 
Tetramorium sp. 2 
Crernatogaster wrouglitoni 
Camp 0 no tits compressus 
T. tortuosum 
Camponotus sp. 1 
Crematogaster sp. 2 
Amblyopone sp. 
Leptothorax sp. 
Monomorium sp. 2 
Leptogenys sp. 1 


87.5 

54.0 

79.2 

16.4 

66.7 

10.7 

66.7 

38.2 

29.2 

14.6 

29.2 

11.95 

29.2 

24.81 

29.2 

16.84 

25.0 

21.47 

16.7 

4.24 

12.5 

4.50 

12.5 

6.30 

12.5 

1.93 

8.33 

0.90 

8.33 

2.44 


12.34 

5.78 

0.00 

0.00 

2.83 

0.26 

3.86 

3.47 

4.37 

0.00 

0.90 

0.00 

12.98 

1.03 

0.00 

0.77 

1.16 

0.13 

1.16 

0.77 

1.16 

0.00 

1.16 

0.00 

0.13 

0.00 

0.64 

0.13 

0.00 

0.00 
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Euclidean Distance 

0 (measure of dissimilarity 50 



Figure 1. Dendrogram showing resemblances among different species in terras of aggressive behaviour at bait. Dendrogram was made 
based on the frequency of aggressive behaviour shown by each species at bait. 


Other. Domination by Pheidole sp. 1 (12.34%) and Cre- 
matogaster wroughtonii (12.98%) was evident. On 104 
occasions, one species or the other monopolized a bait 
(13.37% of the total observations) (Table 1). 
0. smaragdina monopolized 90% of the baits that they 
dominated (3.47% of the total observations) followed by 
Pheidole sp. 1 monopolizing 46.88% of baits that they 
dominated (5.87% of the total observations). At some 
hour or the other during the day, Pheidole sp. 1 domi¬ 
nated 71.15% and monopolized the bait 51.92% of the 
times it arrived at the bait first. Likewise, 0. smarag¬ 
dina dominated the bait 60.86% and monopolized the 
bait 30.43% of the times when it arrived first at the bait. 

Aggressive interactions at bait 

A total of 371 aggressive interactions were observed 
during the whole period of experiment. O. smaragdina 
was engaged in the maximum number of direct aggres¬ 
sive interactions (46.01% of the direct aggressive behav¬ 
iours shown by all species) while Pheidole sp. 1 showed 
the maximum number of indrect threats {31.02% of indi¬ 
rect threat shown by all species). Most of the aggressive 
behaviours of O. smaragdina were directed towards 
Pheidole sp. 1 while most of the aggressive behaviour of 
Pheidole sp. 1 were directed towards T. tortuosum. Ail 
the species other than O. smaragdina and Pheidole sp. 1 
clustered together when the dendrogram was drawn 
based on the ‘Euclidean distance’ between species cal- 



No. of individuals OecophylUt smaragdina 

Figure 2. Relation between the number of individuals of Oeco- 
phylla smaragdina and that of other species at baits. 

culated from the frequency of different aggressive be¬ 
haviours shown by different species (Figure 1). O. 
smaragdina and Pheidole sp. 1 were the two most ag¬ 
gressive species, and did not cluster with any other spe¬ 
cies, Proportion of indirect threat shown by all species 
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in the form of eliciting ‘avoidance’ were higher than 
direct interactions -- ‘attack’ and ‘chase’. 

No significant correlation was found when the number 
of individuals of different species were correlated with 
the number of aggressive behaviours shown by each of 
these species at different baits. 

Relation between activity of territorial species and 
the activities of other species 

Abundance of O, smaragdina significantly affected 
the total number of individuals of all the other ants 
at the bait which included both encounterer and 
submissive species (7 = 46.6-8.46Y R^ = 0.31, 
A^= 17, /? = 0.02) as evident from the negative regres¬ 
sion slope (Figure 2). Regression between the abun¬ 
dance of O. smaragdina and the species richness and 
diversity of other species at any given observation 
was found to be non significant. O. smaragdina affected 
the abundances of Pheidole sp. 1 and C. wronghtoni 
but, it did not affect the abundances of the other sub¬ 
missive species, except Camponotus compressiis 
(Table 2). 

Species association at the bait 

A significant three-order association meant the associa¬ 
tion between an encounterer and a submissive species 
was dependent on O. smaragdina, the territorial species. 
Two-way association models were also tested to see the 
interaction between the encounterer species and the 
submissives and also the interactions between different 
pairs of submissives. 

Association between most of the submissive species 
and the encounterer species was dependent on 0. 
smaragdina, the territorial species (Table 3). Pheidole 
sp. 1 and C. wronghtoni affected the activities of most 
of the submissive species (Table 4). However, interac¬ 
tions among the submissives in most cases were not 
significant. 

Table 2. Relation between the abundance of Oecophylla snuuxig- 
dina and the encounterer and submissive species, N' = 778. Only 
significant regression between 0. smaragdina and other species have 
been shown 


Independent variable (F = Oecophylla smaragdina) 
Dependent variable {x) Model p 


Pheidole sp. 1 

13.613-0.64 a: 

0.013 

<0.01 

Crematogaster 

wronghtoni 

9.582-0.395 jc 

0.011 

<0.01 

Camponotus 

compressiis 

0.323-0.013% 

0.013 

<0.01 


Table 3. Effect of the territorial species on the interactions between 
the encounterer and submissive species 


Best model 

df 

G 

P 

O.sm-Pheid-Aph 

6 

45.02 

<0.01 

O.sm-Pheid-Ml 

15 

37.33 

<0.01 

O.sm-Pheid-Phg 

120 

1739.57 

<0.01 

O.sm-Pheid-Tl 

18 

58.31 

<0.01 

0.sm-Pheid-T2 

16 

29.87 

<0.019 

0.sm-Pheid-C2 

6 

23.67 

<0.01 


G, Likelihood ratio statistic. The first species in the model is terri¬ 
torial, the second one is the encounterer and the third one is the 
submissive species. A significant three-order interaction means the 
association between the encounterer and a particular submissive 
species is dependent on the presence of territorial. O.sm, Oecophylla 
smaragdina; Pheid, Pheidole sp. 1; Phg, Phedologiton sp.; Tl, Te- 
tramorium tortuosum; T2, Tetramorium sp. 2; Ml, Mononiorium sp. 
1; C2, Camponotus compressiis. 



Figure 3. Frequency of occurrence of different species during the 
first hour of observations. Total number of observations = 778. 

Rate of food location and behaviour 

In the maximum number of experiments Pheidole sp. 1 
arrived at a bait during the first hour of observations 
followed by O. smaragdina (Figure 3). Pheidole sp. 1 
was the fastest species in finding out food items fol¬ 
lowed by A. beccarii and 0. smaragdina (Figure 4). 
Species which arrived at the bait during the first hour of 
observation were the most aggressive (r=0.66, 
p = 0.05) (Figure 5). Species quicker in finding out a 
bait (higher score for the ability to find a food item) also 
showed more number of aggressive behaviours 
(r = 0.635, p< 0.05). 
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Table 4. Interactions between the (i) encounterer species {Pheidole 
sp. 1) and the other submissive species and (ii) interactions between 
different submissive species. A significant two-way association sig¬ 
nifies that the activities of one species is affected by the presence of 
the other species at the bait 


2-Way model 

DF 

G 

P 

N 

PH-CR 

25 

47.21 ■ 

0.005 

259 

PH-APH 

15 

25.19 

0.047 

522 

PH-Ml 

25 

45.52 

0.016 

214 

PH-PHDG 

25 

58.48 

0.001 

373 

PH-CAMPl 

15 

18.85 

0.040 

179 

PH-T2 

20 

43.00 

0.002 

132 

CR-APH 

15 

56.16 

0.001 

132 

CR-PHDG 

25 

157.62 

0.001 

252 

CR-CAMP2 

15 

96.75 

0.001 

155 

CR-Tl 

25 

55.58 

0,001 

98 

CR-T2 

20 

65.17 

0.001 

222 

M1-CAMP2 

15 

27.99 

0.020 

206 

PHDG-CAMP2 

15 

84.03 

O.OOl 

204 

PHDG-Tl 

25 

43.00 

0.001 

201 

CAMP-CAMP2 

9 

20.20 

0.02 

156 

T1-CAMP2 

15 

29.99 

0.01 

310 

T1-T2 

20 

31.2 

0.052 

208 


G, Likelihood ratio test statistic; A, Total number of observations 
at those baits where particular species pair was found; PH, Pheidole 
sp. 1; CR, Crematogaster wroughtoni; APH, Aphenogaster heccarii; 
Ml, Monomorium sp. 1; CAMPl, Camponotus sp. 1, CAMP2, Cam- 
ponotus compressus; Tl, Tetramorium tortuosum\ T2, Tetramorium 
sp. 2; PHDG, Pheidologiton sp. 


450 



Species 


Figure 4. Score of food-finding ability of different species. Calcu¬ 
lated as follows: if a species found a food item during the first hour 
of observation it was assigned a score of 6 and consecutively if a 
species found a food item during the sixth hour of observation it was 
assigned a score of 1. All the scores for a particular species for all 
the experiments were summed up to obtain a final score. 



No. of times bait found during 
first hour of observation 


Figure 5. Relation between number of times each species came at a 
bait during the first hour of observation and number of aggressive 
behaviour shown by it. Total number observations = 778. 

Discussion 

Behaviour and competition hierarchy 

Interference competition expressed as aggressive inter¬ 
action between pairs of species has been observed as a 
frequent phenomenon among ants\ The coexistence of 
individuals of different species at a food item is often a 
function of the degree of aggressiveness of different 
species. The observations from the present study also 
indicate a crucial role of aggressive interference behav¬ 
iour rather than numerical dominance at the food source 
in determining the hierarchy in a community. Pheidole 
sp. 1 dominated the maximum number of baits in terms 
of abundance, monopolized the maximum number of 
baits that it dominated, was the first to locate a bait for 
the maximum number of times and dominated and mo¬ 
nopolized a bait for the maximum number of times when 
it was the first to locate the bait. But it did not prove its 
superiority in terms of aggressive interference interac¬ 
tion over 0. smaragdina. O. smaragdina established its 
superiority in the hierarchy by showing the maximum 
number of aggressive behaviour towards other species. 
The aggressive behaviour shown by it towards Pheidole 
sp. 1 was also far higher than the revei'se. This species 
was engaged more in direct aggressive interaction espe¬ 
cially ‘attack’. Interestingly this species was frequently 
aggressive at the bait even when they were not numeri¬ 
cally dominant which slightly contradicts a previous 
finding by Andersen^ who showed a strong positive cor¬ 
relation between abundance and aggressive behaviour of 
the dominant species. The response of Pheidole sp. 1, 
the next most aggressive species was more in the form 
of indirect aggressiveness, i.e. by eliciting avoidance 
and escape from the other species. 
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Based on Schoener’s scheme^ it was possible to cate¬ 
gorize different species that came to the bait regularly. 
The most aggressive species in this community was 0. 
smaragdina which is known for territoriality\ The ag¬ 
gressiveness and territorial behaviour of this arboreal 
nesting species have been amply documented previ¬ 
ously. Holldobler^ observed the key role of O. smarag- 
dinci in forming an ant mosaic in tropical Australia. 

The two encounterer species in this community were 
Pheidole sp. 1 and T. tortuosum. Pheidole sp. 1 was the 
only species that showed some aggressive behaviour 
towards 0. smaragdina. Although T. tortuosum has been 
categorized in this study as an encounterer (based on the 
number of aggressive behaviours it showed towards 
other species, the third species showing more than 10% 
of the total aggressive behaviours shown by all species), 
most of its aggressive behaviour was towards other 
submissive species and it was definitely lower in its 
competitive ability than Pheidole sp. 1. Both submissive 
and encounterer behaviour have been documented for 
the genus Tetramorium\ Majer^^”^^ documented the 
dominant behaviour of a species of Tetramorium in the 
ant mosaic in Ghana cocoa farm. Brian^"^ reported the 
same from England. 

Among other species, submissive behaviour has been 
previously documented for the genus Aphenogaster. 
Members of this genus are not known to fight back ef¬ 
fectively when encountered, instead they are known to 
maximize their resource utilization through an efficient 
recruitment systems*. Species of the genus Camponotus 
have been documented as subordinate species in an ant 
mosaic in Ghana*^, while Vepsalainen and Pisarksi*^’ 
documented a species of Camponotus as encounterer. 

Interference behaviour and coexistence 

Results from the present study clearly show the presence 
of a competitive dominance hierarchy. O. smaragdina, 
the ‘territoriar and most aggressive species in the com¬ 
munity, had a negative effect on the activity of any other 
species at baits as the cumulative number of individuals 
of other species depended on the number of individuals 
of O. smaragdina. Significant three-order interaction 
models also indicated that O. smaragdina affected the 
interaction between an encounterer species and a sub¬ 
missive species when it was present. The other aggres¬ 
sive and encounterer species Pheidole sp. 1 affected the 
activities of other submissive species at the bait as ap¬ 
parent from the two-way species association models. 
The second encounterer species T. tortuosum also af¬ 
fected the activities of two species, one among which is 
its congeneric. Similarly, with a few exceptions, species 
next in the hierarchy influenced the activities of the 
species lower in the order. Behaviourally, 0. smarag¬ 
dina showed the maximum number of overt aggressive 


behaviour such as ‘attack’ and ‘chase’ and O. smarag¬ 
dina was the only species that attacked any other spe¬ 
cies. It was not always the most abundant species at the 
bait, which is possibly the reason why no correlation 
was found between the total abundance of a species and 
the total amount of aggressive behaviour shown by it. 
However Pheidole sp. 1, the species which showed the 
second maximum number of aggressive behaviour, was 
present abundantly at the bait. It dominated and also 
monopolized a bait maximum number of times. Interest¬ 
ingly, the submissive species could coexist with the 
territorial species as predicted in Schoener’s scheme^ 
but was affected by the encounterer species. The fact 
that the activities of the submissive species were not 
affected by 0. smaragdina indicates that they could co¬ 
exist with the top territorial species while the activity of 
encounterer species Pheidole sp. 1 was affected by the 
former. The regression models with 0. smaragdina and 
other submissive species, however, had a negative slope 
which indicates that the activities of the submissive 
species reduced in the presence of O. smaragdina. Vep¬ 
salainen and Savolainen*^ demonstrated that submissive 
Myrmica sp. could coexist with territorial Formica sp. 
Occasional coexistence of submissive with the domi¬ 
nants has been found to be affected by morphological 
differences, colony size and foraging area. Fellers*® 
found significant reduction in the activity of the sub¬ 
missive species in the presence of dominant species. 
Species which found a bait faster showed more aggres¬ 
siveness towards other species. In most of the cases, 
food was found faster either by Pheidole sp. 1 or 0. 
smaragdina, the territorial species. Both these species 
being encounterer and territorial respectively, are ex¬ 
pected to defend their food items. It was hence likely 
that there was a correlation between rate of food finding 
and aggressiveness. 

As ants live in long-lived colonies with many work¬ 
ers, the intensity of competition is amplified^. Schoe- 
ner*^ described the competition pressure in the ant 
community to be closer to vertebrates than to any other 
insect. In this highly competitive environment, the coex¬ 
isting ant species would be expected to show divergence 
in their resource utilization pattern as predicted by the 
competition theory. The divergence could be either due 
to their food choice or selection of nesting sites. These 
divergences are in turn expected to be reflected on the 
morphology and behaviour of the competing species. 
While a number of studies are available demonstrating 
partitioning of resources by the competing ant species, 
the importance of interference competition has been 
reemphasized in this regard^’®. The behaviour of the en¬ 
countering individual foragers would determine which 
species would coexist and insight into the interactions 
among individuals of specific populations can hence 
elucidate community relationship^. Presence of aggres- 
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sive dominant species in a given community and the 
response of other species toward it will lead to a sepa¬ 
ration of resource utilization mode of the other species 
and the coexistence of species would depend on the 
relative successes of other species in maximizing their 
resource utilization in presence of a top competitor. 
Aggression from the dominant species reduces the fit¬ 
ness of the submissives by: (i) restriction of foraging 
activity in terms of reduction in forager density and for¬ 
aging area^^; (ii) reduction in food harvestings^(iii) 
decreased production of sexuals^^^s^ 

In this regard, it is often easy to visualize a linear 
competition hierarchy determined by the aggressiveness 
of top species in the hierarchy. Depending on the 
strength of overt aggressiveness of the top species, the 
species lower in the hierarchy would adopt different 
foraging strategies or take to different habitat/ 
microhabitat. The present study did not address the as¬ 
pect of habitat/microhabitat shift of the species lower in 
the hierarchy, but examined their foraging strategies as 
influenced by behavioural interactions from the top 
territorial species at baits. While the abundance of the 
encounterer species was affected by the abundance of 
the territorial species, the best strategy for the submis¬ 
sive species was to adopt an opportunistic strategy in 
exploiting resources in the presence of territorial species 
by taking to stealthy behaviour even though their abun¬ 
dance was affected by the territorial species. 

While the present study showed the total number of 
individuals of the encounterer and submissive species 
being regulated by the territorial 0. smaragdina, the 
evidence for the regulation of species diversity and 
species richness by the territorial species in the present 
community was not clear. 
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A survey of freshwater fishes was conducted in two 
east-flowing and three west-flowing rivers in Kerala 
part of the Nilgiri Biosphere Reserve during 1993-95. 
Ninety-two species including 2 new species were re¬ 
corded from the area. Seven species were new records 
to Kerala. Thirty-seven species are endemic to Western 
Ghats and 9 strictly endemic to Kerala. Estimation of 
abundance shows that 22.83% of the total were rare 
and 11.96% very rare. Major threats to the fauna are 
discussed. 


Biodiversity conservation necessitates knowledge on 
the diversity of animals and plants, their distribution and 
status. Western Ghats with a variety of vegetation types, 
climatic zones and remarkable endemism is considered 
to be one of the hot spot areas for biodiversity conser¬ 
vation. The Kerala part of Western Ghats is the source 
of 44 rivers of which 3 are east flowing. These rivers 
harbour a number of freshwater fishes which support the 
livelihood of both tribals and non-tribals to a great ex- 
tent^ Damming the rivers for irrigation and hydroelec¬ 
tric projects, introduction of exotic fishes in reservoirs, 
pollution of major aquatic systems and recent outbreak 
of disease generated greater concern on the native fish 
fauna among the conservationists. 

Study on freshwater fishes of Kerala starts with Day’s 
monumental classic works^’^ After these, the Travan- 
core region was comparatively well explored"^""^. Mala¬ 
bar region, especially the region north of Palghat gap, 
remained underexplored. Hora^ described fishes in 
Wayanad and the adjacent areas. Silas^ listed the fishes 
of Anamalais and Nelliampathis. Mukerji^ and Rajan^^ 
reported fishes of Bhavani and Rema Devi and Indra^^ 
described fishes of Silent Valley. 

The Nilgiri Biosphere Reserve is located in the 
southwest portion of Western Ghats (north of Palghat 
gap between 10°45' and 12°5' N Lat. and between 
76° 10' and 77° 10' E Long.), and is about 5500 km^ in 
extent. The Kerala part of Niligiri Biosphere Reserve 
extends over an area of 1455 km^ encompassing Silient 
Valley National Park, Wayanad, Mannarkkad, Nilambur 
North and South Forest Divisions. The major tributaries 
of Cauvery, the Kabani in Wayanad and Bhavani in At- 
tappadi are the east-flowing river systems in the area. 
Chaliyar of Nilambur, Kunthi of Silent Valley and 


Vythiripuzha of Wayanad are the west-flowing river 
systems. The absence of dams in any part of the study 
area is worth mentioning. The riparian vegetation along 
the stream banks varied from moist deciduous and ever¬ 
green forests, and agricultural and wastelands. Conduc¬ 
tivity was minimum in Kunthi river system and 
maximum in Kabani river. Dissolved oxygen was not a 
limiting factor in any of these areas. Chloride, alkalinity, 
total hardness and phosphate values were low in Kunthi 
river system and high in Kabani. The Kabani river sys¬ 
tem was comparatively more disturbed followed by 
Chaliyar. 

We visited major rivers and streams in different sea¬ 
sons during the years 1993-1995. Collections of fishes 
were made Ixom different places along the streams using 
scoop net, cast net and gill nets of varying mesh size. 
Conventional methods like bund making and sieving by 
clothes practised by tribals were also employed in suit¬ 
able areas. Uniform effort was taken in all the areas for 
comparable abundance estimation. Maximum care was 
taken to collect only the minimum number of specimens 
required for identification. The works of Day^’^^ 
Jayaram^’\ and Talwar and Jhingran^'^ were referred for 
identification. The Homalopterids and loaches were 
dealt under family Homalopteridae and Cobitidae in¬ 
stead of Balitoridae^''’’^^ A total of 56 locations were 
surveyed and 92 species belonging to 24 families and 46 
genera were collected during the survey (Table 1), 
Among the 92 species recorded, 37 species (40.22%) 
were endemic to Western Ghats, of which nine species 
were strictly endemic to freshwaters of Kerala. Batasio 
travancoria, Tetraodon travancoricus, Osteohrama 
baked, Puntius denisonii, Homaloptera pillai, etc. were 
some of the endemics reported from Kerala (Table 1). B. 
travancoda, T. travancoricus, 0. bakeri, P. denisonii 
were reported to be endemic to Travancore region of 
Kerala^^. The present survey indicates their range of 
extension to north of Palghat gap. 

Among the 92 species, 69 (75% of the total) were re¬ 
corded from the east-flowing and 68 (73.91%) from the 
west-flowing rivers. Twenty-four (26.09%) species were 
observed exclusively in the east-flowing rivers and 23 
(25%) in the west flowing. Nine species (09.78%) were 
strictly endemic to Kerala. The east-flowing rivers were 
more diverse compared to the west-flowing ones. But 
the west-flowing rivers had almost all species endemic 
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Table 1. List of freshwater fishes in the Nilgiri Biosphere Reserve 


Species 


EF 

WF 

Status 

Species 


EF 

WF 

Status 

Anguilla bengalensis 



+ 

R 

H. montana 

EK 

- 

+ 

VR 

Anguilla bicolar bicolar 


- 

+ 

R 

Noemacheilils denisoni 


+ 

+ 

A 

Notopterus notopterus 


+ 


A 

N. monilis 

EWG 

+ 


A 

Cyprinus carpio communis 


+ 

+ 

A 

N. petrubanarescui 

EWG 

+ 

+ 

A 

Puntius amphibius 


+ 

+ 

A 

N, triangularis 

EWG 

- 

+ 

A 

P. am Hus 

EWG 

+ 


A 

N. nilgiriensis 

EWG 

+ 

- 

A 

P. carnaticiis 

EWG 

+ 

+ 

A 

N. semiarmatus 

EWG 

+ 

- 

A 

P, chola 


+ 

+ 

A 

N. sinuatus 

EWG 

+ 

- 

VR 

P, curmuca 


- 

+ 

A 

N. guentheri 

EWG 


+ 

A 

P. conchonius 


+ 

- 

A 

Pangio bashai 

EK 

_ 

+ 

R 

P. denisonii 

EK 

- 


VR 

Lepidocephalus thermalis 


+ 

+ 

A 

P, dorsalis 


+ 

- 

R 

Batasio travancoria 

EK 

- 

+ 

VR 

P. filamentosus 

EWG 


-p 

A 

Mystus occulatus 


- 

+ 

VR 

P. melanampyx 

EWG 

+ 

+ 

A 

Mystus armatus 

EWG 

+ 

- 

R 

P. melanostigma 

EWG 

+ 

- 

VR 

M. punctatus 


+ 

. - 

R 

P. micropogon 



+ 

R 

M. montanus 

EWG 

+ 

+ 

A 

P. sarana subnasutus 

EWG 

+ 

+ 

A 

M. malabaricus 

EWG 

-P 

+ 

A 

P. ticto ticto 


+ 

+ 

A 

M. cavasiiis 


-p 


A 

P. ticto punctatus 

EWG 

+ 

+ 

A 

. Ompok bimaculatiis 


+ 

+ 

A 

P. wynaadensis 

EK 

+ 

- 

VR 

Wallago attu 


+ 

+ 

A 

Osteobrama bakeri 

EK 

- 

+ 

VR 

Glyptoth 0 rax anamalaiensis 

EWG 

- 

+ 

R 

Osteochilus brevidorsalis 

EWG 

+ 

- 

A 

G, madraspatanum 

EWG 

+ 

■P 

A 

0. nashii 

EWG 



A 

G. annadalei 

EWG 

- 

+ 

A 

Tor khudree 


+ 

+ 

VR 

Heteropneustes fossilis 


+ 

-P 

A 

Labeo ariza 


+ 

- 

R 

Clarias dussumieri 



-P 

A 

L pot ail 


+ 

- 

R 

Hyporhamphtis limbatus 


- 

+ 

R 

L. rohita 


+ 

+ 

A 

Xenentodon cancila 


- 

+ 

R 

Esomus danricus 


+ 

+ 

A 

Aplocheilus lineatus 


+ 

+ 

A 

Barilus gatensis 


+ 

+ 

A 

Poecilia reticulata 


+ 

- 

A 

Barilius bakeri 

EWG 

+ 

. + 

A 

Doryicthys cunalus 


- 

+ 

R 

Danio aeqiiipinatus 


+ 

+ 

A 

Chanda thomassi 


- 

+ 

A 

Danio malabaricus 


+ 

- 

A 

C, ranga 


+ 

- 

A 

Danio rerio 


•f 

- 

A 

Pristolepis marginata 

EWG 

+ 


A 

Rasbora daniconius 


+ 


A 

Tilapia mossambica 


>p 

+ 

A 

Amblypharyngodon melettinus 


+ 

-f 

A 

Etroplus suratensis 


- 

+ 

R 

Chela laubuca 


+ 

- 

A 

E. maculatus 


- 


A 

Salmostoma acinaces 


+ 

+ 

A 

Glossogobius giiiris giuris 


+ 

•P 

A 

S, boopis 


+ 

+ 

A 

Schismatogobius deranyagalai 


- 

+ 

R 

Crossocheilus latius 


+ 

- 

A 

Macropodus cupaniis 


- 

+ 

A 

Garra mullya 


+ 

+ 

A 

Channa marulius 


+ 

+ 

R 

G. mcClellandi 

EWG 

+ 

+ 

R 

C. orientalis 


+ 


A 

G. gotyla stenorhynchus 


+ 

- 

A 

C. striatus 


+ 

+ 

R 

G. menoni 

EWG 

+ 

+ 

A 

Mastacembelus armatus armatus 

+ 

+ 

A 

Bhavania australis 

EWG 

-h 

+ 

A 

Euryglassa orientalis 


- 

+ 

R 

Balitora mysorensis 

EWG 

+ 

- 

VR 

Tetraodon travancoricus 

EK 

- 


VR 

Homaloptera pillai 

EK 

+ 

+ 

A 

EWG, Endemic to Western Ghats; EK, Endemic to Kerala; EF, East 

H. menoni 

EK 

+ 


R 

flowing; WF, West flowing; A, 

Abundant; R, Rare, VR, Very rare. 

to Kerala. East-flowing 

rivers harboured 

a 

number of 

exclusively in the west-flowing 

rivers. 

Labeo 

potail, 


Western Ghat endemics (27 out of 37 in the present sur- Danio (Brachydanio) rerio, Noemacheilus petruba- 
vey) than the west-flowing which had only 24. Of these, narescui, N, nilgiriensis, Osteochilus brevidorsalis and 
10 species were found only in the east-flowing and 9 Schismatogobius deraniyagalai are new additions to the 
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fresh waters of Kerala (08.70% of the total). Cyprinus 
carpio communis^ Poecilia reticulata, Tilapia mossam- 
bica are exotic species introduced to Kerala and were 
thriving better than the native ones. Labeo rohita, the 
native of North Indian rivers and introduced to South 
India, also thrived well and supported the fisheries of 
Wayanad. 

Among the river systems studied, Kabani was more 
diverse with 59 species followed by Chaliyar with 50 
species. Kunthi river harboured only 11 species. How¬ 
ever, since the survey was confined to Kunthi up to Si- 
rendhri of Silent Valley National Park, it is possible that 
more species might occur downstream. 

Silurus wynaadensis, Oryzias melanostigma, Clarias 
dussumieri dayii, Noemacheilus striatus were earlier 
reported from Wayanad^^. However, these could not be 
located during the present survey. Since the type locality 
of these could not be traced, it was possible that these- 
were confined to a small part of the river or were very 
few in number. Euryglossa orientalis, Doryichthys cun- 
calus and Schismatogobius deraniyagalai are primarily 
estuarine. But their occurrence in the upper reaches of 
Chaliyar river system proves that the hill streams are 
also a good habitat for these fishes. The genus Schisma¬ 
togobius, recently reported from Sri Lanka^^, is a new 
genus to India. Fangio bashai Easa and Shaji^^ and 
Homaloptera menoni Shaji and Easa'^, are new descrip¬ 
tions from the study area. Menon^° listed the endangered 
fishes from Kerala. However, the present survey, based 
on the estimation of the abundance of fishes, indicates 
that 60 species were abundant (65.22%), 21 (22.83%) 
rare and 11 (11.96%) very rare in the river systems 
(Table 1). The very rare species could be considered as 
endangered and the rare ones as vulnerable. 
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Caecilian diversity of the Western Ghats: 
In search of the rare animals 


Gopalakrishna Bhatta 

Department of Zoology, Sri J.C.B.M. College, Sringeri 577 139, India 


The Western Ghats is well known for harbouring 14 
endemic species of caecilians (i.e. legless amphibians) 
out of 15 recorded from the region so far. Ecological 
diversity of caecilian species was studied through soil 
excavation and litter-search. A total of 83 individuals 
belonging to 9 species were collected from 24 collec¬ 
tion spots in 8 localities distributed along the West¬ 
ern Ghats. The Chao’s index estimates a maximum of 
27 species to occur in the Western Ghats whereas the 
taxonomic literature so far has recorded only 15 
species. Field studies and literature review indicated 
that 10-“12°N is the richest latitudinal zone while re¬ 
gion 20°N northwards is the poorest in recorded 
species richness. This pattern coincides with the in¬ 
creasingly drier climate towards North. At the land¬ 
scape level also, caecilians prefer moist soils rich in 
organic carbon. Thus, they are quite common not 
only in evergreen forests but also in orchards of are- 
canut and coconut which have perennial watersupply 
but without heavy chemical input. 


Caecilians are limbless secretive burrowing amphibi¬ 
ans. They are probably the earliest land vertebrates and 
have a long cylindrical body like that of a snake\ In¬ 
stead of epidermal scales, they have rings or annuli on 
the body. These creatures are generally mistaken 
for giant earthworms or even for snakes, espe¬ 
cially shield tails. As the head and tail prima facie look 
alike, they are considered as two-headed snakes and 
most often they become the victims of the spade of 
farmers. 

So far, 205 species of amphibians have been recorded 
from India^”"^. Amongst various biogeographic zones, 
Western Ghats is the richest with 120 species, of which 
92 are endemic^"^. The Western Ghats with heavy rain¬ 
fall, fairly moderate temperature, luxuriant growth of 
vegetation with short dry period provides ideal envi¬ 
ronmental conditions for the occurrence and abundance 
of amphibians in general and caecilians in particular. In 
India, caecilian population consists of 17 species, of 
which 15 occur in the Western Ghats and of these 14 are 
endemic^’^. Thus, caecilians show one of the highest 
degrees of endemicity in Western Ghats (92%) in con¬ 
trast to certain other groups such as birds that are much 
common, easy to observe, speciose but with very few 


endemics (12 out of 507, i.e. 2%)^. These creatures feed 
on earthworms and on the detritus too. 

Earlier studies on Indian caecilians were confined to 
taxonomy, geographical distribution, morphology and 
reproductive biology; work on ecology and behaviour 
was meagre^’^. For the proper assessment of the status of 
their occurrence and abundance, extensive systematic 
survey and an intensive study of the soil and related pa¬ 
rameters are essential^’^^. I report here preliminary work 
in this direction. 

Materials and methods 

In the absence of any established methodology of caecil¬ 
ian sampling, I tried out different search methods. Ini¬ 
tially, I extensively surveyed different vegetation types 
such as evergreen and deciduous forests, grasslands, 
monoculture plantations, coffee and tea plantations and 
paddy fields. In particular, orchards of arecanut and co¬ 
conut, either pure or mixed with coffee, banana, carda¬ 
mom, etc. were already surveyed at different seasons of 
the year in 1994. I encountered these creatures only in 
the evergreen forests and orchards. The preliminary 
studies carried out at Sringeri and Palakkad in 1995 
yielded the same species from the orchards and nearby 
forests. Besides, orchards had higher density of animals, 
collection was easier due to greater accessibility and 
relatively loose soils. Hence, given the time and re¬ 
source constraints, I chose to survey only orchards, to 
maximize the efficiency of sampling. 

Eight of the sites selected in Western Ghats Biodi¬ 
versity Network (WGBN)^^ were surveyed for caecil¬ 
ians. They represent eight randomly chosen localities 
along the foothills of Western Ghats (Table 1). The area 
of each WGBN study site is approximately 25 km^ with 
a part of it under natural landscape and a part under 
man-made. 

I sampled each of these eight localities for a few days 
during monsoon (i.e. June to September) of 1995. At 
each collection spot, the soil around the bases of coco¬ 
nut and arecanut trees was excavated to a depth of about 
5 to 45 cm for searching the animals. In some areas, 
simple turning of the piled up rotting leaves of coconut 
or arecanut leaf sheaths resulted in the sighting of 
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Table 1. Localities, geography, climate, sampling efforts and species encountered 








Dry 

Dura¬ 

Area 

No. 


No. of 

Site 


Latitude 

Longitude 

Altitude 

Rainfall 

months 

tion 

searched 

of 

Species 

indivi¬ 

no. 

Locality 

(°N) 

(°E) 

(m ASL) 

(mm/yr) 

(/yr) 

(min) 

(m^) 

spp. 

abbr. 

duals 


1 

Supegao 

18,25^ 

73.45' 

300 

3000 

7 

210 

175 

2 

inb,ibd 

3 

2 

Mala 

13,02' 

75,15' 

200 

6000 

5 

120 

100 

1 

ibd 

3 

3 

Mala 

13,02' 

75,15' 

200 

6000 

5 

90 

75 

1 

iml 

I 

4 

Neggu 

14,33' 

74,39' 

600 

3000 

6 

55 

45 

1 

ibd 

4 

5 

Neggu 

14,33' 

74,39' 

600 

3000 

6 

60 

60 

1 

ibd 

1 

6 

Neggu 

14,33' 

74,39' 

600 

3000 

6 

150 

125 

1 

iml 

1 

7 

Badal 

14,28' 

74,29' 

100 

4000 

6 

120 

90 

1 

ibd 

9 

8 

Badal 

14,28' 

74,29' 

100 

4000 

6 

60 

50 

1 

ibd 

1 

9 

Kigga 

13,26' 

75,10' 

800 

6000 

5 

120 

95 

1 

ibd 

3 

10 

Kigga 

13,26' 

75,10' 

800 

6000 

5 

125 

100 

1 

ibd 

4 

n 

Kigga 

13,26' 

75,10' 

800 

6.000 

5 

60 

50 

1 

ibd 

I 

12 

Kigga 

13,26' 

75,10' 

800 

6000 

5 

45 

36 

1 

ibd 

1 

13 

Karimba 

11,00' 

76,32' 

300 

5000 

4 

235 

192 

3 

isp2,itr,ibd 6 

14 

Karimba 

11,00' 

76,32' 

300 

5000 

4 

80 

80 

2 

iml,isp2 

4 

15 

Karimba 

11,00' 

76,32' 

300 

5000 

4 

195 

180 

1 

iml 

1 

16 

Karimba 

11,00' 

76,32' 

300 

5000 

4 

no 

85 

1 

isp3 

1 

17 

Karimba 

11,00' 

76,32' 

300 

5000 

4 

185 

180 

1 

un 

8 

18 

Thiruambadi 

11,15' 

76,10' 

800 

4000 

4 

175 

160 

2 

un,ilg 

5 

19 

Thiruambadi 

11,15' 

76,10 

800 

4000 

4 

95 

75 

1 

ilg 

1 

20 

Thiruambadi 

11,15' 

76,10' 

800 ,, 

4000 

4 

55 

45 

2 

un,ilg 

8 

21 

Thiruambadi 

11,15' 

76,10' 

800 

4000 

4 

110 

85 

1 

un 

3 

22 

Thiruambadi 

11,15' 

76,10' 

800 

4000 

4 

50 

48 

1 

un 

1 

23 

Vithura 

8,40' 

77,10' 

300 

2000 

3 

65 

60 

1 

gra 

7 

24 

Vithura 

8,40' 

77,10' 

300 

2000 

3 

35 

30 

1 

gra 

6 






Mean 


108.54 

92.54 

1.3 


3.45 






s.d. 


56.02 

49.14 

0.5 


2.59 






total 


2605 

2221 

9 


83 


inb, Indotyphlus battershyi; ibd, Ichthyophis beddomei', itr, /. tricolor, iml, /. malabarensis', isp 2, 3, /. species 2, 3; ilg, /. longicephalus; gra, 
Gegeneophis ramaswami; un, Uraeotyphlus narayani. 


caecilians. The area covered and time spent for search¬ 
ing, the altitude of the locality, the soil and atmospheric 
temperature are provided in Table 1. The soil samples 
from the places where caecilians inhabited were col¬ 
lected and got analysed at the Agricultural University, 
Gandhi Krushi Vigyaan Kendra, Bangalore for physical 
and chemical parameters (Table 2). 

Altogether I spent over 2600 minutes in merely exca¬ 
vating or litter-searching an area of 2200 m^ distributed 
over 24 collection spots from 8 localities. This yielded 
3.5 ±2.5 specimens and 1-2 species per site. In all, I 
encountered 9 species from a total of 83 individuals 
sampled in the 8 areas. The most dominant species 
Icthyophis beddomei occurred in 6 out of 8 localities 
and contributed more than a third (31) of the total (83) 
individuals. Six out of 9 species encountered only in a 
single locality and one each from two and three locali¬ 
ties. 

Extrapolating the number of species in a community 
or a region based on sampling is a question of great sci¬ 
entific interest. For this purpose, by using the parame¬ 
ters of lognormal distribution is one popular, older 
method^^, which requires data on over 200 individuals. 


The other option is to use recently discussed Chao in¬ 
dex, which is the least negatively biased estimater of the 
total species richness than Simpson’s, ?Shanon’s and 
other indices of diversity^^. Besides, it can work rea¬ 
sonably well with small sample sizes. Chao’s estimate of 
species richness of the population is given as follows; 


‘^expected “ *^observed 


(6*one sample) 


2 X samples) 


where S denotes species richness, for the target popula¬ 
tion. 


Results and discussions 

Figure 1 shows that the mean of Chao’s estimate in¬ 
creases with increasing number of localities sampled, as 
expected. However, as the figure indicates, the upper 
limit of the range - 27 species - is nearly the same irre¬ 
spective of whether collection is from 4, 5, 6 or 7 lo¬ 
calities drawn randomly. At this stage, I am not sure if 
this upper limit would ever be reached but it does sug- 
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Table 2. Soil parameters from study sites 
Exchang. Exchang. 


Site 

no. 

Locality 

Soil 

temp. 

(°C) 

Relative 

humidity 

(%) 

pH 

Electrical 

conductivity 

{dShn) 

Organic Ca Mg 

C Cmol(p+) Cmol(p+) 
(%) /kg /kg 

Available 

K 2 O 

(kg/ha) 

Available 

P 2 O 5 

(kg/ha) 

Total Available Exchangeable 
NS Na 

(%) (ppm) (ppm) 

1 

Supegao 

25^5 

95.02 

6.46 

1.67 

7.98 

14.4 

4.64 

1370 

31.45 

0.65 

65.55 

144.4 

2 

Mala 

26 

42.95 

6.47 

0.53 

2.76 

3.33 

2.63 

371 

69,02 

0.19 

36.33 

140 

3 

Mala 

26 

56.78 

6.59 

0.77 

4.84 

5.51 

4.9 

1740 

27.36 

0.03 

29.36 

157.5 

4 

Neggu 

26 

42.1 

6.63 

0.77 

6.62 

7.79 

6.65 

734 

90.26 

0.46 

54.15 

102 

5 

Neggu 

26 

42.1 

6.64 

0.2 

2.21 

4.55 

2.01 

198 

30.22 

0.04 

29.21 

76.6 

6 

Neggu 

26 

65.64 

6.93 

0.48 

6.02 

10.6 

3.678 

103 

75.15 

0.39 

53.64 

100.6 

7 

Badal 

26.5 

34.98 

6.99 

0.47 

4.58 

6.65 

5.86 

296 

332.89 

O.I 1 

27.07 

81.9 

8 

Badal 

26 

54.92 

7.04 

0.49 

7.93 

12.2 

6.39 

1034 

111.91 

0.03 

65.55 

111.6 

9 

Kigga 

22.5 

38.45 

7.05 

0.22 

2.29 

4.29 

1.71 

1223 

23.28 

0.15 

57 

146.6 

10 

Kigga 

25.5 

45.41 

6.09 

0.32 

2.84 

3.94 

2.89 

405 

7.76 

0.23 

21.37 

87 

11 

Kigga 

25.5 

50.59 

5.89 

0.42 

5.13 

5.69 

1.92 

381 

31.85 

0.35 

47.73 

111.8 

12 

Kigga 

22.5 

19.35 

6.52 

0.32 

2.76 

4.11 

1.49 

465 

123.35 

0.19 

32.77 

135.6 

13 

Karimba 

25 

40.69 

7.35 

0.64 

4.11 

1.49 

1.14 

84 

153.57 

0.27 

37.05 

74.4 

14 

Karimba 

24 

29.54 

6.59 

0.54 

1.78 

5.43 

0.26 

461 

241.79 

0.12 

28.5 

74.4 

15 

Karimba 

24 

29.22 

6.97 

0.29 

2.03 

5.08 

1.49 

409 

253.2 

0.08 

34.2 

105 

16 

Karimba 

24 

39.62 

7.04 

0.18 

2.37 

3.76 

3.5 

1740 

46.15 

0.20 

29.1 

111.6 

17 

Karimba 

24 

29.22 

6.97 

0.29 

2.3 

5.08 

1.49 

409 

253.2 

0.08 

34.2 

105 

18 

Thiruambadi 

23 

58.1 

7.67 

0.58 

4.45 

8.49 

5.6 

3528 

256.5 

0.06 

35.62 

150.9 

19 

Thiruambadi 

24 

48.43 

6.81 

0.39 

5.3 

9.8 

2.54 

1072 

144.59 

0.45 

59.14 

157.5 

20 

Thiruambadi 

24.5 

58.1 

6.31 

0.14 

3.39 

3.06 

3.33 

940 

96.8 

0.02 

22.08 

120.3 

21 

Thiruambadi 

24 

37.5 

5.46 

0.08 

3.9 

6.65 

5.16 

960 

8.98 

0,24 

26.36 

144 

22 

Thiruambadi 

22 

35.57 

6.59 

0.27 

3.9 

5.08 

4.11 

400 

42.47 

0.29 

21.38 

131.3 

23 

Vithura 

25.5 

41.14 

5.91 

0.04 

1.36 

2.1 

1.31 

188 

8.17 

0.11 

17.81 

17 

24 

Vithura 

25.5 

28.73 

6.39 

0.08 

1.7 

■ 2.28 

1.31 

103 

15.52 

0.1 

19.95 

76.6 


Mean 

24.72 

44.33 

6.64 

0.42 

3.86 

5.89 

3.17 

775.5 

103.14 

0.20 

36.88 

110.98 


SD 

1.28 

15.23 

0.48 

0.33 

1.87 

3.17 

1.82 

751.7 

95.02 

0.16 

14.55 

33.48 



Figure 1. Species richness extrapolation. Chao’s estimate of total speties richness in the caecilian commu¬ 
nity of the Western Ghats. The number of randomly picked sites varies from 4 to 7. Mean value for each set 
has a positive correlation with the number of sites indicating that more the samples, the greater is the estimate 
of expected species in the entire population. However, the upper range of the estimate has remained nearly at a 
constant level of about 27 species. 


gest that further sampling is likely to add a few new 
species. In fact, even data from 4 randomly chosen lo¬ 
calities yielded a mean Chao’s estimate of 15, and this 
itself equals the total recorded species so far. So there is 
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good chance of discovering newer species with addi¬ 
tional sampling. 

The caecilians occurred from the surface to a depth of 
around 45-60 cm in the rainy season and at the edges of 
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Figure 2. Clustering of species using soil parameters. The average linkage dendrogram of species on the basis of chord distances between 
them calculated using their relative mean soil parameter values does not show separate clusters. This indicates that caecilians seem to differ 
only moderately and in fact tend to have some niche overlap in terms of soil preference, inb, Indotyphlus battersbyi\ ibd, Ichthyophis bed- 
domei', itr, /. tricolor; iml, /. malabarensLs; isp 2, 3, /. species 2, 3; ilg, /. longicephalus; gra, Gegeneophis ramaswami; un, Uraeotyphlus 
narayani. 


streams or irrigation canals during dry season. Orchards 
with high organic matter content had more number of 
animals than other gardens. Generally, caecilians were 
seen in the orchards with perennial source of water. 
Caecilians were very few or absent in the orchards with¬ 
out organic content/and were never seen in the gardens 
which had used either chemical fertilizers or lime. The 
absence of caecilians in the soils with low organic con¬ 
tent may be due to dearth of food - either earthworms or 
detritus. 

Caecilians were encountered all over the altitudinal 
range surveyed -15 m to 700 m from the mean sea 
level. Further, as a group, caecilians are known to be 
widely distributed from the sea level to an elevation of 
more than 2500 m (refs 5, 14, 15). The present sampling 
levels are too inadequate to determine if different spe¬ 
cies have characteristic, different elevational ranges and 
preferences. Figure 2 illustrates the dissimilarity in the 
soil parameters of the collection spots of different spe¬ 
cies, expressed as single linkage clustering based on 
chord distance, calculated using matrix of 9 species and 
14 soil parameters. The chord distance is given as: 



where dij is the chord distance, and X'± are abundance 
values of species in transects; and k respectively. As the 
dendrogram in Figure 2 shows, there are no separate 
clusters. Thus, the caecilian species seem to differ only 
moderately from each other and have some niche over¬ 
lap in terms of soil preference. However, this topic re¬ 
quires much more intensive research as our sample size 
is limited. 

The distribution pattern of different species of caecil¬ 
ians based on my own surveys as well as literature indi¬ 
cates that the latitudinal zone 10-12° is the richest and 
20-30° is the poorest (Figure 3). Admittedly neither 
myself nor the other researchers have sampled the 
northern latitudes to the extent of southern region. This 
is primarily due to initial experience that the species 
catch is less in the North. Further research would throw 
more light on the prevailing belief that the distribution 
and diversity of caecilians in Western Ghats is nega- 
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Figure 3. Regional distribution pattern. The figure shows the num¬ 
ber of recorded species expected/reported to occur in each latitudinal 
zone of the Western Ghats. The assumption here is that a species is 
quite likely to occur in all the latitudinal zones in between its known 
northernmost and southernmost locations. Even if this is not the 
actual pattern for all species as some of the species may show 
clumped distribution, the trend that species richness reduces with 
decreasing dry period as seen here, might not change much. 

lively correlated with the length of the dry period which 
increases northwards, just like in case of frogs and 
toads. 
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Diversity of species assemblages of islands: 
Predictions and their test using tree species 
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Based on all possible combinations of species that 
can theoretically exist on islands of different sizes, 
we estimated similarities among islands of equal size 
in their species compositions. We found that similar¬ 
ity coefficients among islands of equal sizes increases 
and the coefficients of variation for similarities de¬ 
creases with increase in the size of islands. Accord¬ 
ingly, it can be predicted that the species 
compositions of small fragments shall be more di¬ 
verse compared to large fragments. We tested this 
prediction using the tree species composition of the 
shola fragments at BR Hills, Western Ghats. Simi¬ 
larities among sholas were measured as coefficients 
of correlation between the frequencies of species in 
them and also as proportions of species shared 
among sholas. Small sholas were less similar and 
shared fewer species among themselves, compared to 
medium and large sholas. Also, small sholas showed 
higher coefficient of variation for the correlation 
coefficients and for proportion of species shared than 
medium or large sholas. In other words, species as¬ 
semblage diversity among sholas was found to de¬ 
crease with their size and large islands appeared to 
converge towards a common assemblage of species. 
Based on our results, we argue that small fragments 
add structural and functional heterogeneity to the 
ecosystem and hence are as important as are the 
large fragments in conserving biodiversity. 


The island Biogeography (IBG) theory proposes that the 
number of species on an island increases with the size of 
the island*. The argument is based on the assumption 
that the rate of immigration of species decreases and 
that of local extinction increases with increase in the 
number of species in the island (Figure 1). Conse¬ 
quently, the theory predicts, islands attain equilibrium 
with respect to the number of species they can harbour 
and this number is found to increase nonlinearly with the 
size of the islands^"”^ (Figure 1). Such nonlinear relations 
between the number of species and the size of the is¬ 
lands, otherwise known as the ‘species area curves’, 
have been repeatedly demonstrated in several situa- 
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tions^"*^. Though the IBG theory has strong predictive 
power for the number of species on an island, it states 
nothing about the composition of the species in the is¬ 
lands. 

The process of development of islands suggests an 
entirely different state of equilibrium with respect to the 
composition of the species'*’**. Three distinct stages are 
recognized during the development of an island. During 
the initial non-interactive stage (stage 1), the island is 
invaded by a greater number of species than can even¬ 
tually be sustained on the island. These species exist as 
long as their populations are small and hence do not 
interact among themselves. Once the populations build 
up, the species begin to interact, resulting in the com¬ 
petitive exclusion of some and dominance of others. 



NUMBER OF SPECIES 


Figure 1. Interaction between the immigration and extinction result¬ 
ing in an equilibrium number of species in an island. As argued by 
McArthur and Wilsonh the rate of immigration decreases and that of 
extinction increases with the number of species in an island. But the 
extinction rates are additionally influenced by the size of the island; 
the smaller islands experience a higher rate of extinction and turn¬ 
over (St) than the larger islands (Lt) and hence harbour lesser num¬ 
ber of species at equilibrium (SE# compared to LE# in large islands). 
This results in the familiar species area curves. 
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I NON-INTERACTIVE STAGE 

n INTERACTIVE EQunjBRruM STAGE 

ni ASSORTATIVE EQuiuBnimi stage 
(CO-ADAPTED SET OF SPECIES PREVAIL) 



Figure 2. Three distinct stages of the process of development of an 
island (developed based on the details given by Dickerson and Rob¬ 
inson"^). 

This process generally leads to a decrease in the number 
of species (Figure 2). The local extinction and immigra¬ 
tion occurring during this interactive phase (stage 2), 
begin to stabilize the species numbers at a level that can 
be sustained on the island. During the process, however, 
owing to the repeated immigrations and extinctions, a 
set of species become co-adapted and get established on 
the island. Such an island becomes relatively immune to 
subsequent immigrations. This state called as the 
‘assortative equilibrium stage’ is relatively stable 
over long periods of time (stage 3). The species on the 
island are further subjected to the process of natural 
selection. 

Thus while the IBG theory predicts that islands of .a 
given size harbour similar numbers of species, the proc¬ 
ess of development of islands suggests that they might 
exist in several states of assortative equilibria. The di¬ 
versity of these states is an important component of the 
ecosystem biodiversity because beside adding to the 
heterogeneity, each of these states could have distinct 
functional properties'^. For instance, two similar sized 
islands each with three but different species of plants 
(e.g. ABC and BCD) could harbour entirely different 
kinds of insects; in fact both islands together might har¬ 
bour a set of arthropods different from that of another 
relatively larger island with all the four species 
(ABCD) in it. Thus in the context of conserving biodi¬ 
versity, species composition of islands and their hetero¬ 
geneity could be as important as the numbers in these 
islands. 

Although the islands are suggested to exist in diverse 
states of assortative equilibrium, as of yet, there are no 
predictions on how diverse these states would be among 
a set of similar sized islands. In this paper we derive the 
relation between the diversity of such assortative equi¬ 


librium states (AES) and the island sizes. Based on the 
possible combinations of species an island can theoreti¬ 
cally harbour, we show that the diversity of species 
compositions decreases with increase in island size and 
hence argue that small fragments are as much worth 
conserving as are the large fragments. We also test these 
relations derived using the data on the tree species com¬ 
positions of the sholas, the high montane natural forest 
fragments occurring along the Western Ghats, South 
India. 

Types of AES and the island size 

Let us assume an area with a number of interacting is¬ 
lands of different sizes which together contain a global 
set of N species. The IBG theory suggests that the num¬ 
ber of species increases with the size of the island. Ac¬ 
cordingly, islands exist with different numbers of 
species ranging from one per island (the smallest) to N 
per island (the biggest island) and all islands of similar 
size harbour comparably equal number of species, but 
may contain different combinations of species. For in¬ 
stance, the smallest islands with only one species in each 
of them can occur in N different types while the largest 
islands shall have all the N species in them and hence 
would be of only one type. For other islands containing 
> 1 and < N species, the number of different combina¬ 
tions of species that the islands could contain can be 
computed as 

^(/l) == 

where N(^n) L the number of different combinations of 
species possible for islands containing n species in 
them. Accordingly for a given global set of N species, 
the number of possible combinations of species in¬ 
creases up to a certain size of the island and then de¬ 
creases. To be precise, the number of the species 
combinations increases up to island size that contain 
n = N/2 if N is even and n = ((iV ± l)/2) if N is an odd 
number and then decreases. For instance, for N = 10, the 
number of such combinations increases to 252 when 
n = 5 and then decreases (Figure 3). 

Thus the possible combinations of the species (the 
frequencies) initially increase and then decrease with the 
size of the island. These combinations computed here 
are exhaustive and inclusive of, but do not represent the 
eventual AES. Nevertheless since the AES are likely to 
be a (probably random) sub set of these combinations, 
their relative frequencies can be reflected by these 
exhaustive combinations. In other words, the relation 
between the frequencies of different AES and the 
island sizes could also be expected to be similarly non¬ 
linear. 


CURRENT SCIENCE, VOL. 73, NO. 2, 25 JULY 1997 


189 



SPECIAL SECTION: BIODIVERSITY OF WESTERN GHATS 


1.00 

“ 0.90 
G 

a 0.80 H 
m 

0.70 H 

isfl 

3 0.60 - 
50.50 - 

^ 0.40 

0.30' 

£ 0.20 

* rH 

‘CO 

0.10 H 
0.00 



0 


Species per island 



Figure 3. The frequency distribution of the number of combinations 
of species possible in islands containing varying number of species 
in them. Though the distribution shown here refers to the combina¬ 
tions possible from a global set of 10 species, the pattern remains the 
same for other values of global set. 

Diversity of AES and island sizes 

Similarity among islands 

The foregoing suggests the possible relation between the 
numbers of equilibrium states and the island sizes. From 
this we derive the relation between similarity among the 
equilibrium states and the size of the islands. We com¬ 
puted the average similarity between any two randomly 
selected islands of a given size as the proportion of the 
species shared between them. Such similarity reflects 
the extent of diversity among the AES; lesser the simi¬ 
larity, the more diverse they are. We have computed 
these similarities for all combinations of species (n; 
sizes of islands) possible for each of a range of N val¬ 
ues. It turns out that the similarities thus computed 
among the islands of similar sizes increase linearly with 
the size of the island at the rate of l/N (Figure 4) as 
shown below. 

Consider two islands containing n\ and n2 species. 
The probability that a given species is found in both 
islands is (nlnl/N^) and hence the number of species 
common between them would be (nln2/A0. Let us define 
the similarity as the ratio of species found common be¬ 
tween them to that of the average of the species in them. 
This similarity is given by 

Sim = 2nln2/N{nl + n2), (1) 

If the islands are of similar size with nl = n2, then 
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Figure 4. Similarity among islands of the same size containing 
combinations of species from the global set of 3 (solid line), 4 
(dashed line) and 5 (dotted line) species. 

Sim = nl/A. (2) 

In other words for a given global set of N species the 
similarity among sholas increases with the size of the 
shola (nl) at the rate of l/N, 

Thus the smallest islands are least similar (and hence 
more diverse) among themselves compared to large is¬ 
lands; the largest islands shall always be similar among 
themselves as they contain the complete set of N species 
in them. Again this relation could persist for assortative 
equilibrium states as they constitute a (probably ran¬ 
dom) subset of these combinations. Accordingly we 
derive the following prediction: 

Prediction 1. The similarity among the AES of a given 
size increases with the size of the islands; or the diver¬ 
sity among similar sized islands decreases with the is¬ 
land size. 

Variance for similarities among islands 

As the size of the island increases, the proportion of the 
global set of species occurring in them also increases. 
Consequently, large islands not only shall be similar 
among themselves, but the variance for their similarity 
shall be less. On the other hand among smaller islands, 
there could be some that are highly similar and others 
that share no species at all among them. This results in a 
high variance for the similarities among small compared 
to large sholas. Such increased variance of small islands 
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also reflects the high diversity among their AES. Thus 
while the similarity among islands increases, the vari¬ 
ance for similarity values decreases with the size of is¬ 
lands. Therefore we derive the following second 
prediction: 

Prediction 2. The coefficient of variation of the simi¬ 
larities among sholas of similar sizes decreases with the 
size of the islands. 

Test of the predictions 

Testing these predictions has two different problems: a) 
It is difficult to estimate the complete set of species oc¬ 
curring in an area and hence also to estimate the combi¬ 
nations of species expected in different fragments; b) 
The maximum number of combinations of species pos¬ 
sible {N{n) max) increases exponentially with A, the 
total species in an area. For instance, for values of N as 
low as 10, there are 252 combinations possible for 
fragments containing 5 species each. Thus for an area 
having several tens of species (which is very common 
with most taxa in most tropical forest ecosystems), the 
Nin) max combinations are extraordinarily high. Thus 
even if the assortative equilibrium states constitute a 
small proportion of these combinations, the sample sizes 
required to capture all of them will be enormously high 
and might be a difficult proposition. Therefore we at¬ 
tempted for a qualitative test of the predictions though 
for prediction 1, we also attempted a quantitative test 
based on equation (1) above. 

Methodology 

We tested these predictions by studying the tree vegeta¬ 
tion composition of sholas, the high montane natural 
fragments occurring along the Western Ghats. The sho¬ 
las are apparently one of the appropriate systems be¬ 
cause they occur in varied sizes and shapes with varying 
degrees of isolation and are existing for at least a few 
centuries in relatively undisturbed states at higher alti¬ 
tudes. Consequently they have had enough time and op¬ 
portunities to develop into assortative states. The study 
was conducted in the Biligiri Rangan Swamy Temple 
(BRT) wildlife sanctuary (77°00’E ir45’N to 77°15’E 
12°10'N) along the eastern edge of Western Ghats, 
where sholas occur at an altitude of 1400 to 1600 m. 
Two areas of 5 x 5 km each were marked off at the 
southern and northern part of BR Hills wildlife sanctu¬ 
ary and 28 and 17 sholas occurring in these areas re¬ 
spectively were identified for the study. The two study 
areas, hereafter called Jodugere and Gummane Sholas 
were separated by about 25 km. The data from the two 
areas were not pooled so as to avoid the possible con¬ 


founding of the geographical differences; indeed the 
sholas differed in their species compositions. In both the 
areas, sholas were classified into three size categories, 
viz. small, medium and large (Table 1). Varying number 
of grids of 10x10 m were laid randomly within each 
shola and the trees (> 1 cm DBH) were enumerated. 
From this data, the relative frequencies of the trees and 
species composition of the sholas were determined. Two 
parameters were computed to represent the similarity 
among sholas of a size class: a) the proportion of the 
species shared between any two sholas was computed as 
a ratio of the number of common species to that of 
the maximum number of species in either of the two 
sholas; b) the correlation coefficients of the frequencies 
of species between any two sholas of a given size cate¬ 
gory. 

Results 

As expected, the number of species increased with the 
size of the sholas at both study areas (Table 2); the large 
sholas had over twice the number of species in the small 
sholas. The species area relation* also showed the ex¬ 
pected nonlinear increase in the number of species with 
the size of the island (Figure 5 for Jodugere sholas; data 


not shown for Gummane sholas). Nevertheless the two 

Table 1. Numbers and area of the sholas sampled and the grids laid 
in them at Gummane and Jodugere areas. Values in parentheses 

are ranges 



Jodugere 

Gummane 

Shola 

Area 

Number of 

Grids/ 

Number of 

Grids/ 

size 

(ha) 

sholas (rt) 

shola 

sholas {n) 

shola 

Small 

<1 

17 

5.17 

(4-9) 

5 

6 

(4-12) 

Medium 

3-5 

8 

18.4 

(16-23) 

7 

7 

(5-12) 

Large 

>10 

4 

30.5 

(16-23) 

6 

14.8 

(11-23) 


Table 2. Number of species per shola and the total species recov¬ 
ered in sholas of different size classes at Gummane and Jodugere 
areas. Values in parentheses are ranges 



Jodugere 

Gummane 

Size 

Species/ 

Total 

Species/ 

Total 

class 

shola 

species 

shola 

species 

Small 

13.65 

43 

16 

39 


(7-19) 


(15-17) 


Medium 

21,87 

47 

23.85 

48 


(17-30) 


(21-27) 


Large 

28.75 

45 

35.5 

53 


(23-34) 


(31-40) 
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Figure 5, Relation between the log number of species and the log 
area of the sholas at the Jodugere area. {Y = 0.595 * A.174). S, Small 
sholas; M, Medium sholas and L, Large sholas. 



Figure 6. Relation between the similarity parameters and the size 
(average number of species per shola) class of the sholas for 
Jodugere (asterisk) and Giimmane (open circle) areas. Similarity 
parameters are the proportion of the species shared (dashed line) and 
correlation coefficient (solid line) among sholas of a given size cate¬ 
gory. 

Study areas differed for total number of species recov¬ 
ered in them (Table 2). The study areas are separated by 
a distance of about 25 km and have different kinds of 
forests flanking them. Sholas at the Gummane area are 
surrounded by the moist deciduous forests while those at 
Jodugere by the evergreen forests; also, probably for 
this reason, their species compositions differed signifi- 


a 




Figure 7. Relation between the expected and observed similarities 
among all possible combinations of sholas of a, Gummane and b, 
Jodugere areas. The lower solid lines in both the figures represent the 
predicted relation between the expected and observed values 
(regression coefficient = 1). The line amidst the points refer to the 
best fit line with T = 018 + 0.90*X; r = 0.684; df= 151; P < 0.001 
for Gummane area. Y = 0.43 + 0.43 *X; r = 0.37; = 404; p < 0.001 

for Jodugere area. 

cantly. Therefore further comparisons among the shola 
size classes are made separately for the two areas. 

Prediction 1 

The proportion of species shared among the sholas of a 
given size category increased with the size in both 
Gummane and Jodugere areas (Figure 6). Similarly the 
correlation coefficients among sholas of a size category 
also increased with their size (Figure 6). Thus it appears 
that small sholas are more diverse among themselves 
than are the large sholas. In other words, as predicted, 
the similarity among the islands increases with their 
sizes. 
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Table 3. Correlation coefficients and proportion of species shared among the sholas of the three size class 


Gummane Jodugere 


Size 


Correlation 

Proportion 
sps shared® 


Correlation 

Proportion 
sps shared® 

class 


Mean 

CV 

Mean 

CV 

n* 

Mean 

CV 

Mean 

CV 

Small 

10 

0.19 

129.25 

0.45 

34.14 

136 

0.54 

43.43 

0.48 

29.05 

Medium 

21 

0.37 

62.56 

0.53 

15.96 

28 

0.59 

30.18 

0.58 

13.60 

Large 

15 

0.52 

55.13 

0.69 

19.62 

6 

0.83 

7.33 

0.68 

9.20 


*n refers to the number of pairs of sholas used for computing the parameters. 

^’Proportion species shared is computed as the ratio of number of species shared between the sholas to that of 
the maximum number of species found in either of the sholas. 



Figure 8. Frequency distribution of proportions of species shared among sholas of large (shaded histogram), medium (hatched histogram) and 
small (open histogram) at a, Gummane and b, Jodugere areas. 


The proportions of species shared between pairs of 
sholas were plotted against those expected based on 
equation (1) above. At both Gummane and Jodugere 
areas, similarities among sholas increased with the size 
of the sholas (Figure 7 a, b) though the observed simi¬ 
larities were more than expected, suggesting that certain 
species tend to co-exist and do not assort randomly a 
probable evidence of assortative equilibrium states. 

Prediction 2 

Coefficients of variation (CV) for both correlation coef¬ 
ficients and for the proportions of species shared were 
higher for small than large sholas (Table 3) in both 
study areas. The CV for these similarity parameters for 
medium sholas was in general between the other two 
size categories. The decrease in the variance for the 
similarities with the size of the sholas is also evident 
from the frequency distribution of the proportions of the 


species shared (Figure %a and b). The small sholas dif¬ 
fer widely for the proportions of species shared among 
themselves compared to medium and large sholas. At 
Jodugere for instance, the proportions of species shared 
among large sholas were highly negatively skewed and 
ranged from 0.60 to 1.00, while those among small sho¬ 
las were normally distributed and ranged from 0.2 to 
1,0; the similarity values among medium size sholas 
were in between. Thus the data supports the second 
prediction that CV for similarity values decreases with 
the size of the islands. 

Discussion 

Our results suggest that the diversity of species assem¬ 
blages of sholas decreases with size of the sholas, sup¬ 
porting our predictions. It should be noted that these 
predictions are applicable even if the islands have not 
attained assortative equilibrium states because they are 
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derived based on the exhaustive combinations of species 
assemblages. In other words, the relation suggested by 
the predictions is true even during the initial dynamic 
period of island developments. 

In another study we (Ganeshaiah et al, communi¬ 
cated) have shown that the observed differences between 
the small and large sholas are not because of the sto¬ 
chastic consequences associated with the fewer grids 
sampled from small sholas. In fact sampling equally 
fewer grids from large sholas did not reduce the similarities 
among them to that observed among small sholas. Thus the 
observed patterns do not seem a consequence of the sam¬ 
pling regimes but due to the development of diverse equi¬ 
librium states among the small compared to large sholas. 
Large sholas seem to converge towards a common equi¬ 
librium state. The results suggest that small fragments 
though individually may not be species-rich compared to 
large fragments, together they add substantially to the 
spatial and structural heterogeneity of the ecosystem that 
might be important for its functional diversity^^. These 
patterns, however, may not be true for all the organisms. 
Large vertebrates with a very wide home range, for in¬ 
stance, cannot be expected to show such relations. On 
the other hand these relations might not be uncommon 
for a number of lower organisms such as bacteria, fungi, 
and lower vertebrates and invertebrates, that require 
small areas for their survival. 

As argued earlier, if the specific combinations of host 
plants are important in harbouring specific arthropods, 


or invertebrates or fungi or bacteria, then the heteroge¬ 
neity observed among small sholas is as much important 
as increasing the species richness of the ecosystem in 
conserving biodiversity. In other words, we suggest that 
the structural heterogeneity added by small islands is a 
different but a very important component to be consid¬ 
ered while formulating the biodiversity conservation 
strategies. In this sense small islands or fragments are as 
important as the large fragments and are hence worth 
conserving. 
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Pressure variation of the 0-H bond 
length in O-H—O hydrogen bonds 

S. K. Sikka 

High Pressure Physics Division, Bhabha Atomic Research Centre, 
Mumbai 400 085, India 

Recent neutron diffraction studies have shown that 
O-H bond lengths do not show the same variation 
under pressure as given by the well-known empirical 
relationship between O-H and O-H—-O bond dis¬ 
tances. In this paper, we describe a modification to 
include pressure effects in an earlier potential func¬ 
tion for isolated hydrogen bonds and examine the 
inverse co-relation between O-H and O-H—-O dis¬ 
tances. This modification takes into account the re¬ 
pulsive stresses caused by other atoms which come 
close to the hydrogen bond on compression. How¬ 
ever, this produces only small differences in O-H 
values from the unmodified ones and therefore the 
results indicate that there may be systematic errors 
present in the experimental powder neutron diffrac¬ 
tion values of O-H distances measured under pres¬ 
sure. 

It is well known that at 0.1 MPa, in O-H—O hydrogen 
bonds, the length (r) of covalent O-H bond has an in¬ 
verse relationship with hydrogen bond distance 
R(0—O). This correlation holds for all types of O-H 
and 0-D bond donors and in combination with all types 
of O acceptors and also for cases where the hydrogen 
bond is not isolated, e.g. for cases where an O-H group 
also accepts a hydrogen bond known as co-operative 
hydrogen bond in chains or rings (see reference 1 and 
other references therein). This empirical relationship 
(r-/(i?) or/(<i(H—O))) has been verified by calcula¬ 
tions based on potential functions for isolated hydrogen 
bonds^. Translating the variations of 0—0 distance into 
pressure, these authors predict that O-H (or 0-D) in¬ 
creases by 0.0025 A/GPa near an R of 2.75 A (e.g. in 
ice). However, it has been recently shown that this be¬ 
haviour was not observed in neutron scattering experi¬ 
ments on D02-ice VIII under high pressure up to 
10 GPa. Here the increase in 0-D was much smaller^ 
only 0.0004 A/GPa. In neutron diffraction studies on 
Mg(OH) 2 , Catti et al^ found that both O-H and H—O 
distances shorten under pressure. This led these authors 
to argue that it is not correct to treat the potential of a 
hydrogen bond as pressure independent. 

The aim of this paper is to point out how a hydrogen 
bond in a given structure may be affected by pressure 
and to examine the consequent variation of the O-H 
bond length versus the 0—0 distance on compression. 

Our analysis is based on the fact that under pressure 
other neighbouring atoms of hydrogen bonds in a given 
structure will come closer to it and start exerting a re¬ 


pulsive stress. Figure 1 illustrates this for some ‘co¬ 
operative hydrogen bond’ situations. Here the distances 
(rfh) between hydrogen atoms decrease and contribute an 
additional repulsive energy to the energy of an isolated 
hydrogen bond. At 2.05 A the limiting value of non- 
bonded H—H distances at 0.1 Mpa (ref. 5), the repul¬ 
sive energy is - 4 kJ/mole (ref. 6). To sec the effect of 
this, we have included these non-bonded H—H interac¬ 
tions, as a first instance, to the modified Lippincott and 
Schroeder^ type potential function for an isolated hy¬ 
drogen bond. This modification by Chidambaram and 
Sikka® was for bent hydrogen bonds. This recognized 
the fact that O-H and H—O separations are the main 
parameters for describing a hydrogen bond. This has 
been corroborated later by many authors^. 

With the inclusion of this non-bonded H—H interac¬ 
tion, the hydrogen bond potential V has the following 
terms: 


y= V 1 + V 2 +V 3 +V 4 , 

( 1 ) 

V] = D {1 - exp [-n(r - ro)^l2r] }, 

( 2 ) 

V 2 = -CD exp (-n(d-rafl2Cd, 

( 3 ) 

^3 - Ao exp (-boR) - BJR\ 

( 4 ) 

V 4 = Ah exp (— — Bnld}\ ■ 

( 5 ) 

1 ' a 






0 






0 6 


0 






H 
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\ 






1 ‘" 0 ^ 


/ 


0 


\ 
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Figure 1. Sumo co-operative hydrogen bond situations, a. Hydrogen 
bond chains in KOH; b, a tetrahedral hydrogen bonded H 2 O molecule 
as in ice. Note the distance du as referred to in the text. 
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Here V] and Vi represent the 0-H and H—-O interac¬ 
tions. The constant D is the dissociation energy of 0-H 
bond and C is a factor which takes into account the 
weakness of H—O at the same separation. ^3 represents 
the non-bonded interaction between the acceptor and 
donor oxygens. V 4 is for the additional non-bonded 
H-—H interactions. The equilibrium 0-H length is de¬ 
termined by the condition 

((5War)eq = 0. (6) 

It may be noted that the inclusion of V 4 in equation (1) 
makes the potential function a specific function of the 
geometry of the hydrogen bond containing entity. There¬ 
fore, here, we have first done calculations for tetrahe- 
drally coordinated oxygen atoms, which act as donors 
and acceptors for two hydrogen bonds each (the same 
situation as in ices). The values of various constants in 
equations (2) to (4) are as given by Chidambaram and 
Sikka^. Au, hu and Bu are the optimized values taken 
from the study by Filippini and Gavezzotti*'". However, 
the results quoted below are not very sensitive to the 
choice of other values in literature. 

Figure 2 shows the calculated r versus R for the two 
cases when the V 4 term is excluded in (case I) and in¬ 
cluded from (case II) calculations. The 0-H values for 
the co-operative case are found to be smaller on the av¬ 
erage by 0.0005 A. This difference is much less than the 
present precision (0.003 A) of neutron diffraction ex¬ 
periments on D 2 O ice-VIII. At R 2.6 A (p = 24 GPa), the 
non-bonded H—O contacts (oxygen atoms not involved 
in hydrogen bond with the donor oxygen) also give re- 


1 . no p \ 



c 

0.9&3 |- r, -^ rr -r> : 'T'-rrrT- r.".T. . ' ".1 ^ . .T ' . ■ > • i " ■ . n - r -t - -n 

2.40 2.53 2.60 2.70 2.50 2 .= 0 - 3.20 

0-0 (A"*) 

Figure 2, O-H versus 0-H—0 as for ice. Full curve is with H—H 
repulsion (equation 5) included and -- without it. 



Figure 3. 0-H stretching frequency vqh versus 0-H—O distance 
for case I (-) and case II (—). The experimental data of Aoki et 
on ice are shown as □. 


Table 1. Comparison of some observed and calculated 0-H dis¬ 
tances in M(0H)2 oxides'^ 



P 

0—0 

H—H 

0—Hobs 

0-H 
(Case 1) 

0—Hen! 

(Case II) 

Ca(OH )2 

0.1 MPa 

3.33 

2.2 

0.936'’ 

0.942” 

0.950”'’' 

0.9574 

0.9564 


6.3 GPa 

3.12 

2.06" 

_ 

0.9580 

0.9570 


10.7 GPa 

3.00 

2.00 “ 

- 

0.9588 

0.9577 

Mg(OH)2 

0.1 MPa 

3.22 

2.00 

0.995” 
0.947” 
0.953”'“ 
0.919‘' 

0.9576 

0.9550 


7.8 GPa 

2.94 

1.85 

0.912'' 

0.9595 

0.9565 


■^All distances are in A and uncorrected for thermal motion. 
‘‘Estimated from the data of Meade and Jeanloz*^. 

'Vef. 16. 

'^ref. 12. 

‘^at 70 K for Ca(OH) 2 and 80 K for Mg(OH) 2 . 

Tef. 17. 

'ref. 4. 


pulsive contributions to the energy of the hydrogen 
bond. However, their effect on the 0-H length was also 
negligible. Further, Figure 3 illustrates the calculated 
0~H stretching frequencies for the two cases. The very 
recent infra-red values of Aoki et are also plotted. 
We have employed the equation of state of ice-VII of 
Hemley et to convert pressure into 0—0 distances. 
There is an excellent agreement with the values evalu- 
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ated from the ‘isolated’ hydrogen bond case. This means 
that the constants used in equation (5) overpredict the 
effect of other hydrogen atoms on the hydrogen bond. 
However, even with this, the calculated differences in 
O-H values for cases I and II are negligible. In 
Mg(OH) 2 , the 0“H bond length with H repulsion is 
shorter by 0.003 A (see Table 1). However, the rate of 
increase with pressure is the same as that without 
repulsion (0.0002 A/GPa). This allows us to conclude 
that the r(O-H) =/(0—0) as given by the potential 
functions at 0.1 MPa continues to hold for high pressure 
situations within the accuracy possible in present day 
experiments. 

How do we then reconcile with the experiments of 
Besson et al} and Catti et It may be noted that 
these high pressure data are for a temperature of 280 K 
and 0-H bond lengths are severely affected by thermal 
vibrations and their effect may be pressure dependent. 
Further, different correction procedures (riding model, 
independent model, etc.) yield different r values. This 
reduces the accuracy of true 0-H bond length determi¬ 
nations to 0.01-0.02 A even at 0.1 MPa compared to 
0.003 A precision of the present day neutron diffraction 
experiments (see Hamilton and Ibers^ for a discussion). 
Only with low temperature data are such accuracies 
possible and that too using single crystals (refer Table 1 
where the variation of 0-H distances at 0.1 MPa may be 
noted). It may be argued that thermal corrections would 
tend to become smaller with increasing pressure as the 
Debye-Waller factors usually decrease under pressure. 
However, for the pressure ranges of the present neutron 
diffraction data, the thermal parameters for the hydrogen 
atoms do not vary drastically (e.g. see Table 3 in refer¬ 
ence 4). Also the anharmonicity effects are again ex¬ 
pected to be small (e.g. 0-H distances for Mg(OH )2 in 
the harmonic and anharmonic refinements at 0.1 MPa 
are 0.947 A and 0,945 A respectively^^). Further, the 
experiments done with powders tend to be prone to 
larger errors at high pressures as preferred orientation 
effects make data less reliable (note the irregular behav¬ 
iour of c/a ratio with pressure in the data of Besson et 
al.^ for D 2 O ice-VIII). 

It may be noted that the Hartee-Fock calculations 
done by Besson et al? give in ice the value of 0—H 


bond lengths variations near to their experimental value. 
However, their absolute value of 0~H bond lengths is 
near 0.95 A, which differ from the experimental values 
by about 7a. Where the calculated 0-H bond length is 
~ 0.95 A, the variation produced by 0.1 MPa empirical 
relation is also smaller (see Table 1 and also Loveday et 
for the variation 0.0002 A/GPa for 0-D value of 
0.957 A measured recently on NaOD-V). It is also inter¬ 
esting to note the observation by Ojamae et al}"^ that 
Hartee-Fock calculations do not compute well the 0-H 
bond length for the water monomer. 
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A comparative study of antiplasmin 
activity of some pyridine derivatives 
and related compounds 


R. P. Saxena, O. P. Gulati, K. C. Saxena, 

Chanan Singh, Y. S. Prabhakar and 
Anil K. Saxena 

Central Drug Research Institute, Lucknow 226 001, India 

Antiplasmins have therapeutic significance in arrest¬ 
ing the uncontrolled bleeding associated with several 
disease states. Understanding of the structure- 
function relationship of antiplasmins is important in 
the development of coagulants as well as anticoagu¬ 
lants. A comparative structure-activity analysis of 
antiplasmin activity of some pyridine, piperidine, 
indole and thiocyclohexane derivatives with known 
antiplasmins, viz. /?-aminomethyl benzoic acid 
(PAMBA) and epsilon-amino-caproic acid (EACA), 
has been carried out. The antiplasmin activity of 
pyridine, piperidine, indole and thiocyclohexanes 
appears to depend on over-all lipophilicity and the 
distance between basic centre and carboxyl function 
present in these compounds where the optimum 
separation is found to be 6.5 A. Such spatial disposi¬ 
tion of basic and carbonyl centres in these com¬ 
pounds may be responsible for binding to the sites 
responsible for antiplasmin activity. The lipophilicity 
may be responsible for making the compounds avail¬ 
able at the site of action and also for their hydro- 
phobic binding. 


Antiplasmin compounds have their therapeutic signifi¬ 
cance in arresting the uncontrolled bleeding associated 
with several disease states and pathophysiological 
conditions resulting out of excessive lysis of fibrin by 
plasmin^ The understanding of the structure-function 
relationship for antiplasmins is also important because 
sometimes the antiplasmin activity may be a side effect 
in conditions where acceleration in coagulation may 
aggravate the disorders associated with haemostalis 
leading to thrombotic diseases namely, myocardial in¬ 
farction, stroke, pulmonary lumbolism, venus thrombo¬ 
sis and arterial thrombosis^’^. In view of this, known 
antiplasmin compounds, namely, epsilon-aminocaproic 
acid (EACA), p-aminomethyl benzoic acid (PAMBA) 
and 4-aminomethylbicyclo(2,2,2)octane-l-carboxylic 
acid"^’*^ have been considered as the guiding structures 
for the selection of other compounds to study their an¬ 
tiplasmin activity. The most characteristic feature of the 
above antiplasmins has been the presence of an acidic 
and basic function in a particular spatial orientation for 
their biomolecular interactions. In PAMBA and 4- 
aminomethyl bycyclo(2,2,2)octane-1 -carboxylic acid, 
the basic NH 2 - and acidic COOH groups are separated 


by a distance of about 6.5 A. EACA being a flexible 
molecule, can also exist in energetically allowed con¬ 
formations in which its NH 2 and COOH groups are 
separated by the same distance. The hydrophobicity 
(logP) of epsilon-amino-caproic acid (EACA), PAMBA 
and 4-aminomethyl bicyclo(2,2,2)octane“l-carboxylic 
acid are 0.05, 0.64 and 1.19, respectively. In order to 
substantiate the importance of the above observations 
and to study the minimum structural and physicochemi¬ 
cal requirements of antiplasmins, a set of molecules, viz. 
pyridine, piperidine, indole and thiocyclohexane car¬ 
boxylic acids (Figure 1) was selected. In these com¬ 
pounds the acidic (COOH) and electron rich centers (N 
and S) are separated by a distance ranging from 2.6 to 
6.5 A and have hydrophobicity (logP) in the range of-2 
to -1-2. In addition, these molecules are among the most 
commonly incorporated substructures in various bio¬ 
logically active molecules. So these compounds were 
evaluated for their antiplasmin activity in comparison to 
EACA and PAMBA to derive meaningful structure- 
activity relationships in terms of the, above parameters. 
The results of this study are presented in this paper. 

The chemical compounds l-15 (Figure 1) used in 
these studies were either procured from commercial 
firms or were prepared by reported methods^”^ 
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Figure 1. Various pyridine, piperidine, indole and thiocyclohexane 
based compounds included in the study. 


198 


CURRENT SCIENCE, VOL. 73, NO. 2, 25 JULY 1997 



RESEARCH COMMUNICATIONS 


Fibrinogen was fractionated according to the method 
of Blomback et al!^ for fraction 1-0 with slight modifi¬ 
cation and thrombin was prepared according to Oser^°, 
Bovine plasmin was received as gift from Sigma Chemi¬ 
cal Co., USA. EACA was purchased from Epsamon Em- 
ser Werke, Switzerland and Riley Tar, USA, 
respectively. The method of Bickford et al}^ was used 
with some modifications and is described below: 


Table 1. Physicochemical properties and antiplasmin activity of 
pyridine and related derivatives 


Compd 

Log? 

Distances (A) 
N-C (COOH) 

N.R.E. 

kcal/M 

M.M.E 

kcal/M 

Activity 

(%) 

1. 


5.003 

0.3205 

-0,5155 

5 

2. 

0.42 

6.479 

0.3448 

-0.4317 

50 

3. 

-0.12 

4.318 

0.3198 

-0.4259 

10 

4. 

- 

5.318 

0.2980 

0.2746 

6 

5. 

0.51 

3.760 

0.2622 

-0.1164 

10 

6. 

0.60 

2.399 

0.2597 

0.1479 

- 

7. 


4.108 

0.3002 

0.0130 

- 

8. 

0.88 

4.027 

0.2976 

0.0332 

- . 

9. 

0.99 

4,115 

0.2900 

-0.0369 

2 

10. 

1.30 

2,715 

0.0289 

-0.1724 

- 

11. 

-2.52 

6,546 

0.2438 

0.5095 

- 

12. 

1.87 

4.973 

0.3933 

0.6330 

5 

13. 

1.33 

4.653 

0.3503 

0.3008 

- 

14. 

1.98 

2.667 

0.2766 

1.2010 


15. 

- 

5.665 

0.2388 

0.2134 

- 

EACA 

0.05 

- 

- 

- 

100 


The reaction mixture containing 0.25 ml of fibrinogen 
solution (1.0 mg protein representing 0.85-0.90 mg 
clottable fibrinogen in 0.3 M NaCl), 0.3 ml tris buffer 
(0.05 M; pH 7.2), 0.2 ml inhibitor solution in desirable 
concentration and 0.25 ml of enzyme solution contain¬ 
ing 0.25 pg bovine plasmin was incubated at 37°C. At 
0 h and at subsequent intervals up to 1 h, the reaction 
was stopped by diluting with 10 ml NaCl (0.15 M), fol¬ 
lowed by addition of 0.2 ml of bovine thrombine. The 
incubation was continued for another 20 min and the 
fibrin clot was taken out by winding around a thin- 
pointed glass and washed thoroughly with 0.15 M NaCl. 
The clot was dissolved in 0.1 M NaOH and protein was 
estimated according to the method of Lowry et al}^. The 
K{ values were determined according to the method of 
Dixon^^ EACA and PAMBA were used as standard 
compounds. 

The partition coefficient (LogP) of the compounds has 
been calculated using the constructionist approach of 
Hansch and Leo^"^. The LogP values of some ionic com¬ 
pounds (1, 4, 7 and 15) have been omitted due to the 
non-availability of appropriate fragment values. For 
geometrical parameters, the molecules were constructed 
from well-defined fragments on Sigmex terminal at¬ 
tached to Micro VAX-I computer system using CHEM- 
X software^'"’, the molecules were optimized for their 
geometry using MM2 routines of the software 


Table 2. Antiplasmin activity of compound 2 in relation to EACA and PAMBA 


Exp. 

system 


Residual fibrino¬ 
gen after 1.0 h 

mf 


Plasmin activity 
degradation/ll 
(HM)" 


% 

Inhibition of 
plasmiiri 

Control 


1.28 




1.57 




Inhibitor 

(mM) 

2 

EACA PAMBA 

2 

EACA 

PAMBA 

2 

EACA 

PAMBA 

1.0 

1.71 

1.92 

1.99 

1.14 

(72.6) 

0.93 

(59.2) 

0.86 

(54.7) 

27.4 

40.8 

45.3 

2.5 

1.75 

2.03 

2,20 

1.10 

(70.0) 

0.82 

(52.2) 

0.65 

(41.4) 

30.0 

47.8 

58.6 

5.0 

1.86 

2.16 

3,24 

0,99 

(63.01) 

0.69 

(43.9) 

0.61 

(38.8) 

37.0 

56.1 

71.2 

10.0 

1.99 

2.28 

2.60 

0.86 

(54.7) 

0.57 

(36.3) 

0.25 

(15.9) 

45.3 

63.7 

84.1 

15.0 

2.05 

2.34 

2.70 

0.80 

(50.9) 

0.51 

(32.4) 

0.15 

(9.5) 

49.1 

67.6 

90.5 


^Reaction mixture containing fibrinogen and plasmin was incubated at 37®C for one hour in presence of dif¬ 
ferent concentrations of inhibitor. Residual fibrinogen concentration at zero hour is 2.85 pmoles. Residual 
fibrinogen was determined as described in text. 

^Difference between residual fibrinogen concentration at zero hour (2.85) and at 1 hour (0) residual. The % 
plasmin activity (in parenthesis) was calculated according to the formula: 

Degradation of fibrinogen/hour in the presence of inhibitor ^ 

Degradation of fibrinogen in the absence of inhibitor 
‘^Inhibiton of plasmin activity = 100 - % plasmin activity. 
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Figure 2. Determination of K\ of a, EACA (/fi = 7.0); t}, PAMBA 
{/Cj = 4.2); c, compound 2 (/fj = 0.5) by Dixon, simple graphical 
method. 1/t; was determined in presence of various inhibitor concen¬ 
trations keeping the substrate constant. This was plotted against 
inhibitor concentration. 



Figure 3. Evaluation of the dissociation constant by Dixon’s 
method; 5'i = 2 mg/ml; = 4 mg/ml; i = inhibitor concentration in 
mM; V = velocity of the reaction, determined in presence of various 
concentration of inhibitors at two different substrate concentrations. 

(convergence criteria 0.01 kcal). The molecular me¬ 
chanical energy, net repulsion energy and the distance 


between N or S atom and C atom of their carboxylic 
group were measured for these molecules using CHEM- 
X software and are listed along with LogP and an- 
tiplasmin activity in Table 1. 

It may be seen from the data (Table 1) that out of the 
15 compounds tested, 7 exhibited antiplasmin activity of 
varying degree. However, of these, 6’nly compound 2 
showed significant enzyme inhibitory activity. It was 
compared with the standard compounds EACA and 
PAMBA at 10 mM concentration (Table 2). The anti¬ 
plasmin potency of these three compounds is in the or¬ 
der of PAMBA > EACA > 2. The comparative inhibi¬ 
tory potency for compound 2 and the two reference 
compounds EACA and PAMBA has been expressed in 
terms of K\ values of 7.0, 4.2 and 0.5 mM, respectively 
from the Dixon plot (Figure 2), suggesting the relative 
potencies of these compounds as 1:0.6:0.07. The rela¬ 
tive potencies of EACA and PAMBA as reported in lit¬ 
erature^ are in agreement with the present results, 
The compound 2 is a competitive inhibitor like EACA 
as shown by Dixon plot analysis (Figure 3). 

The antiplasmin activity of these compounds seems to 
depend mainly on the distance between the two sites, 
namely, basic centre and the carbon of carboxyl group 
and on the hydrophobicity of the molecule. The former 
may provide a better fit, whereas the latter may be re¬ 
sponsible for its availability at the site of action and may 
also represent the forces involved in the binding. The 
distance between N and C atoms of carboxyl group in 
PAMBA has been 6.578 A and LogP is of the order of 
0.64. Due to structural flexibility, EACA can take a con¬ 
formation within 2 kcal from its global minimum, where 
N-C(COOH) would be of the order of 6.5 A. However, 
the geometrical advantage of EACA has been nullified 
by its low LogP (0.05) value, hence the compound is 
less active than PAMBA. Compound 2 of the present 
study has almost the same N-C (COOH) distance 
(6.479 A) as PAMBA (6.478 A) and LogP (0.42) a little 
less than PAMBA (log P = 0.64). The considerable loss 
of activity of compound 2 and its analogues may be due 
to the change in basicity of nitrogen. The other com¬ 
pounds 3 and 5 are equiactive because in case of 3, the 
N-C (COOH) distance (4.648 A) is 2 A less than that in 
PAMBA but LogP is far lower while in compound 5, the 
LogP is favourable but the deviation of N-C (COOH) 
distance is by 3 A. Other compounds, particularly those 
with S at the place of N, lack the ideal basic character 
which is also not present in indole derivatives (12-14). 
Further, this analysis also explains the high activity of 4- 
aminomethylbicyclo(2,2,2)octane-l-carboxylic acid, a 
compound 30 times more active than PAMBA'"’ in terms 
of its N-C (COOH) distance (6.5 A) and LogP (1.19). 

The significance of the reported work lies in the iden¬ 
tification of physicochemical and spatial characteristics 
of molecules for antiplasmin activity. This knowledge 
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may be useful for designing new coagulants devoid of 
side effects. Also, in view of the increasing interest in 
anticoagulants, these studies would help to understand 
and overcome the undesirable antiplasmin activity of the 
drugs meant for other therapeutic uses. 
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Homing of polyclonally activated 
syngeneic T cells at tumour site and 
their efficacy in post operative 
immunotherapy of malignancy in 
mouse 

Ashim K. Chakravarty and Shubra Jha 

Immunology and Cell Biology Laboratory, Centre for Life Sciences, 
University of North Bengal, Siliguri 734 430, India 

^H-Thymidine labelled and polyclonally activated 
syngeneic lymphocytes injected intravenously have 
been found to home preferentially at the fibrosar¬ 
coma site in mice from 12 h after adoptive transfer. 
The highest counts from infiltrating radiolabelled 
cells were obtained at 24 h at the centre of the tu¬ 
mour. Considering this value as maximum, all other 
values are expressed relative to this number. At 12 h 
lymphocyte infiltration at the periphery of the 
tumour mass was about 75%, followed by about 40% 
infiltration in the liver. After 24 h the central region of 
tumour mass showed the highest infiltration of radioac- 
tively labelled lymphocytes, whereas in liver it remained 
50%. There was decline in homing of the activated 
lymphocytes after 48 h of adoptive transfer. 

These tumour site seeking activated lymphocytes 
are likely to recognize the residual malignant cells 
after surgical removal of solid tumour, so these cells 
were adoptively transferred in conjunction with sur¬ 
gery. It has been observed in such experiments, the 
reappearance of tumour was prevented in 67% of 
mice and the survival of the hosts increased. 

It has been shown earlier that suppressor cell depleted 
syngeneic murine T lymphocytes activated polyclonally 
with Con A in vivo can kill tumour target cells^”^. The 


efficacy of such cells in curbing tumour growth after 
being injected at the tumour site^’"^ opened up the pos¬ 
sibility of using such cells in tumour immunotherapy. 
However, it needs to be investigated whether after 
adoptive transfer via intravenous route, the effector cells 
generated either by in vivo Con A stimulation'"^'^ or by in 
vitro sensitization with specific tumour cell lines^“^^ can 
infiltrate the tumour mass. 

To make this immunotherapeutic measure even more 
effective, the proportion of effector T cells to the enor¬ 
mous number of rapidly dividing tumour cells needs to 
be taken into consideration. Therefore, in the present 
study, surgical removal of bulk of the solid tumour was 
followed by adoptive transfer of polyclonally activated 
eflector T cells. 

Inbred adult Swiss mice of both the sexes, 6-12 weeks 
of age were used for all the experiments. Methylcholan- 
threne (MCA) induced ascitic fibrosarcoma cell line is 
maintained in our laboratory by serial passage. Adult 
mice were injected subcutaneously with 10^ ascitic fi¬ 
brosarcoma cells per mouse in 0.2 ml PBS for induction 
of solid tumour. Mice bearing tumour of an average size 
of 1.4 cm^ were used for the experiments. 

Cyclophosphamide (Cy) (Sigma) at a dose of 25 
mg/kg body weight was injected in a mouse intraperito- 
neally as this dose was found to be effective in depleting 
the suppressor T cells in After 48 h of cyclo¬ 

phosphamide treatment, concanavalin A (Con A, Type 
IV, Sigma Co., St. Louis, USA) at a dose of 50 
P-g/animal via intravenous route was injected for poly¬ 
clonal stimulation of T lymphocytes as described ear¬ 
lier^’Spleen and lymph nodes were taken out 
aseptically from Cy and Con A treated syngeneic normal 
mice 48 h after Con A injection and cell suspension was 
prepared in phosphate buffered saline (PBS) following 
standard protocol. 
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Table 1. Recurrence of tumour following post-operative transfer of suppressor cells depleted polyclonally activated syngenic lymphocytes 



Experimental animals receiving adoptive transfer 


Control animals without any cell transfer 


Exp 

no. 

No. of 
mice 

No. of cases 
with tumour 

recurrence 

% of 

recurrence 

of tumour 

% 

inhibition 

Exp 

no. 

No. of 
mice 

No. of cases 
with tumour 

recurrence 

% of 

recurrence 

of tumour 

% 

inhibition 

1 

7 

4 

57 

42 

1 

7 

6 

85 

14 

2 

7 

1 

14 

85 

2 

7 

4 

57 

42 

3 

7 

3 

42 

57 

3 

7 

4 

57 

42 

4 

9 

2 

22 

77 

4 

9 

7 

77 

22 

5 

6 

2 

33 

66 

- 

- 

- 

- 


6 

4 

1 

25 

15 

- 


- 

- 

_ 


Mean 67 ±15.5 Mean 30 ±14.2 


Statistical significance of the difference, P < 0.005. 



Figure 1. Homing of ^H-thymidine labelled lymphocytes in different 
regions of tumour and in different tissues at different hours. The 
result is from a representative experiment consisting of four animals. 

The tumours were removed surgically under aseptic 
condition. Three hours after recovery from the opera¬ 
tion, the animals were ready for adoptive transfer. 

For study of homing of activated cells, 2x10^ acti¬ 
vated cells from syngeneic Cy-Con A treated donors 
were radiolabelled with 1 |iCi ^H-thymidine (BARC, 
Bombay) for eight hours. After washing three times with 
PBS, these cells were injected intravenously in mice. At 
12, 24, and 48 h of adoptive transfer, the animals were 
sacrificed and small tissue pieces (0.3 mm^ size approx.) 
were collected in PBS from peripheral and central zones 
of the tumour, as well as from liver, skin, spleen and 


mesenteric lymphnodes. The pieces were soaked on fil¬ 
ter papers, transferred into scintillation vials and solu¬ 
bilized with 50 [i\ of methylbenzothonium hydroxide 
(Sigma). Then the incorporated radioactivity was meas¬ 
ured in Beckman LS-1800 liquid scintillation counter. 
Three pieces of each kind of tissue were collected from 
an animal in a scintillation vial and four animals were 
used for an experiment. The experiment was repeated 
three times. 

The mean radioactive count (cpm) for different tissues 
was expressed as per cent count to the highest count 
(100%) in an experiment. 

The highest counts were obtained with the pieces from 
the centre of the tumour at 24 h; considering this value as 
maximum all other values are expressed relative to this 
number. At 12 h after adoptive transfer, the lymphocyte 
infiltration at peripheral zone of the tumour mass is 
75%, followed by about 40% infiltration in the liver 
(Figure 1). While the central region of the tumour mass 
shows the highest value at 24 h, the count for liver tissue 
is about 50% . After 48 h of adoptive transfer, radioac¬ 
tive counts for the pieces from tumour and liver decline. 
The radioactive incorporation in skin, mesenteric lym- 
phnode and spleen was lower at all hours of assay. 

Adoptive transfer of activated syngeneic lymphocytes 
after surgical removal of the solid tumour mass pre¬ 
vented reappearance of tumour in 67% of the mice 
(Table 1). In contrast, only 30% such inhibition was 
observed in the control animals, which did not receive 
the adoptive transfer of lymphocytes after surgical re¬ 
moval of tumour bulk. The difference in results of the 
experimental and the control group was found to be sta¬ 
tistically significant following Student’s t test. Further¬ 
more, 58% of the experimental mice receiving adoptive 
immunotherapy were found to survive more than 200 
days while only about 12% of the control animals sur¬ 
vived that long (Figure 2). 

T cells polyclonally activated in vivo with Con A were 
found to be highly effective in killing tumour target cells 
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Figure 2. Survival of the animals after surgical removal of solid 
fibrosarcoma tumour with adoptive transfer of Ts depleted poly- 
clonally activated T cells (experimental) without any cell transfer 
(control). 

bearing a wide variety of TAAs (refs 3, 4). Since Con A 
as a polyclonal stimulator is likely to activate the sup¬ 
pressor T (Ts) cells also, low dose of Cy was used to 
destroy the Ts population prior to Con A mediated acti¬ 
vation of the remaining clones. Such effector T cell popu¬ 
lation was previously found to be capable of restricting 
tumour growth when adoptively transferred at the tumour 
site^’^. In the present investigation, such effector T cells 
radiolabelled and adoptively transferred via intravenous 
route were found preferentially to home at the tumour 
mass (Figure 1). The high percentage of radioactivity in 
the central zone of tumour at 24 h indicates that the ef¬ 
fector cells not only accumulate at the tumour site, but 
gradually infiltrate into the tumour mass. 

Considering the tumour-seeking activated lymphocytes 
were likely to recognize the residual malignant cells after 
surgical removal of solid tumours, these lymphocytes were 
adoptively transferred after surgery of the tumour. It is evi¬ 
dent from Table 1 that after removal of solid fibrosar¬ 
coma, adoptively transferred syngeneic effector 
lymphocytes can successfully wipe out the remaining 
tumour cells, thus preventing recurrence of tumour in 
majority of cases. Simultaneously the survivality of the 
mice is also increased in comparison to the control. 

Previously, attempts to curb malignant growth by 
passive transfer of sensitized lymphocytes^’^^’^'^ met with 
limited success. However, T cells expanded in vitro in 
presence of interleukin-2 (IL-2) are reported to be ef¬ 
fective for adoptive immunotherapy^Attempts are 
also being made to use exogenous IL-2 in vivo for 


maintaining the effector lymphocytes in the tumour¬ 
bearing host^^’^^’^°~^'^. In this context, the use of polyclonally 
activated T cells possibly has certain advantages. Besides 
activating multiple clones to take care of the wide variety of 
TAAs, such polyclonal stimulation also activates the helper 
T cells which can act as a direct source of IL-2 in the host. 
However, for long term maintenance of the adoptively 
transferred cells in hosts, an attempt to combine exoge¬ 
nous IL-2 administration with adoptive transfer of Con 
A stimulated effector cells is under consideration. 
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Rhizobium-induced changes on nitrate 
reductase activity in rhizosphere and 
phyllosphere 

Praveen-Kumar and J. C. Tarafdar 

Division of Arable Cropping Systems, Central Arid Zone Research 
Institute, Jodhpur 342 003, India 

A field experiment was conducted to determine Rhi¬ 
zobium-induced changes in nitrate reductase activity 
in rhizosphere of clusterbean and moth bean. Effec¬ 
tive inoculation with Rhizohium decreased nitrate 
reductase in rhizosphere by reducing nitrate reduc¬ 
tase activity in plants. 

Nitrate reductase (NR) activity in legumes is altered 
by Rhizobium innoculation^’^. Since (i) most legumes 
exude NR through roots into the soil^ (ii) NR activity in 
soil leads to denitrification"^ and (iii) legumes are essen¬ 
tial components of sustainable cropping systems, this 
study was carried out to determine whether Rhizobium 
inoculation changes in NR activity in rhizosphere and 
whether these changes are due to their effect on plant 
NR. Results were expected to help in identifying the 
Rhizobium strain that apart from benefiting legume also 
leads to low NR enrichment in soil and reduces the risk 
of denitrification. Dehydrogenase activity^ (an indicator 
of soil microbial activity) was also estimated as micro¬ 
organisms are often the source of soil NR"^. 

Two legumes, viz. clusterbean {Cyamopsis tetra- 
gonoloba (L.) Taub. var. Maru guar) and moth bean 
(Vigna aconitifolia (Jacq.) var. Maru moth) were sown 
in kharif season with three replicates in a randomized 
block design in the sandy soil of Jodhpur (typic cambor- 
thid with 87.4% sand, 8.7% silt, 4.3% clay, 0.23% 
organic carbon and pH 8.1). Clusterbean seeds were 
inoculated with six strains of Rhizobium, viz. DRG 3, 
TAL 1436, TAL 1536, Nif 27 A 2 , TAL 1109 and 3Hoa9 
and of moth bean with JMT 2D besides TAL 1436, TAL 
1536, Nif 27 A 2 , TAL 1109 and 3Hoa9 before sowing. 
The cultures were lignite-based with viable counts of 
10^-10^ cells per gram. Uninoculated seeds of both 
crops were sown in two plots. In one, the crop was fer¬ 
tilized with 40 kg N ha“^ but in the control, the crop was 
grown without fertilizers. Crops were grown as rainfed 
and recommended agronomic practices for each crop 
were followed. 

Ten plants of each crop were carefully uprooted at 
flowering stage and the soil adhering to the root system 
of each plant was separated by gentle tapping. This soil 
was referred to as rhizosphere soil. For non-rhizosphere 
soil, 0-30 cm of the surface soil sample was collected 
from the boundary of the plots where plants were not 
allowed to grow. Soil samples were stored in the poly¬ 


ethylene bags at 10±2°C and were processed for the 
estimation of nitrate reductase"^, and dehydrogenase^ on 
the same day. Second and third fully-expanded leaves 
from the same plants of each replicate were cut into 
small pieces, pooled and 100 mg fresh weight of each 
sample was used for nitrate reductase estimation^ in 
triplicate sets. Root samples were also pooled in a simi¬ 
lar fashion prior to the estimation of nitrate reductase. 
Nitrogenase activity of plants was assayed by acetylene 
reduction using a Aimil-Nucon gas chromatograph^. The 
results were expressed on oven dry basis. 

Nitrate reductase activity in the rhizosphere of both 
crops was significantly higher than in non-rhizosphere 
and that in clusterbean rhizosphere was comparatively 
higher than moth bean rhizosphere due to its exudation 
from roots^ (Table 1). NR activity was same in non- 
rhizosphere soil of both crops due to adsorption of root 
exudates in a smaller zone. Inoculation with DRG 3, 
TAL 1436 and TAL 1536 suppressed NR activity in 
rhizosphere of clusterbean and inoculation with JMT 
2D, TAL 1436 and TAL 1536 suppressed it in rhi¬ 
zosphere of moth bean. Inoculation with other strains 
did not significantly change NR activity (data not pre¬ 
sented). Minimum NR activity in clusterbean and moth 
bean rhizosphere was observed after inoculation with 
TAL 1536 and TAL 1436 respectively. Application of N 
fertilizer increased NR activity in soil. 

Changes in NR activity of leaves and roots due to Rhi¬ 
zobium inoculation or fertilizer application also fol¬ 
lowed the trends discussed for rhizosphere NR. 

Table 1. Effect of different Rhizobium strains on nitrate reductase 
and dehydrogenase activity in rhizosphere soil and non-rhizo- 
sphere soil 

Crop/ Nitrate reductase Dehydrogenase 

Rhizobium jig NO 2 formed g"^ d“* pKat g"' 

strain R NR R NR 


Clusterbean 


Control (Uf) 

15.1 

1.8 

21.8 

12.9 

Control (F) 

18.3 

1.9 

26.2 

12.3 

DRG-3 

11.0 

2.1 

25.5 

13.3 

TAL 1536 

9.3 

1.7 

30.0 

14.6 

TAL 1436 

12.6 

1.9 

26.1 

14.7 

LSD (/; = 0.05) 

1.7 

0.7 

4.0 

2.8 

Moth bean 

Control (Uf) 

9.4 

1.8 

18.3 

17.7 

Control (F) 

12.7 

1.6 

20.3 

16.1 

JMD-2D 

5.1 

1.7 

16.5 

15.4, 

TAL 1536 

6.9 

1.8 

27.4 

15.1 

TAL 1436 

4.4 

1.6 ■ 

26.4 

16.4 

LSD {p = 0.05) 

1.3 

0.6 

4.5 

2.6 

Uf, Unfertillized; F, 

Fertilized; R, 

Rhizosphere soil; NR, 

Non rhi- 


zosphere soil; d, day. 
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Table 2 . Effect of different Rhizobiim strains on nitrogenase, 
nitrate reductase activity and crop yield 

Crop/ Nitrogenase Nitrate reductase Yield 

Rhizobiiim (nmol) C 2 H 4 jj.g NO 2 g"' tissue q ha“^ 

strain plant"' h~' Leaf Root Grain Straw 


Clusterbean 


Control (Uf) 

381 

17.7 

9.7 

00 

37.6 

Control (F) 

129 

19.8 

11.3 

11.2 

48.4 

DRG-3 

1587 

10.3 

2.7 

10.9 

42.7 

TAL 1536 

1617 

9.1 

2.7 

11.1 

46.8 

TAL 1436 

1516 

10.5 

3.2 

10.8 

44.8 

LSD (j) = 0.05) 

161 

2.8 

1.2 

2.1 

4.9 

Moth bean 

Control (Uf) 

281 

5.3 

3.2 

2.2 

16.9 

Control (F) 

97 

7.3 

4.7 

4.2 

24.6 

JMT 2D 

1273 

3.2 

2.0 

3.8 

22.2 

TAL 1536 

1150 

4.3 

2.3 

3.7 

21.9 

TAL 1436 

1808 

1.2 

1.0 

3.3 

19.2 

LSD (p = 0.05) 

131 

1.9 

1.1 

0.9 

5.1 


Uf, Unfertilized; F, Fertilized. 


However, dehydrogenase activity in the rhizosphere of 
clusterbean inoculated with DRG 3, TAL 1436 and TAL 
1536 and moth bean with JMT 2D, TAL 1436 and TAL 
1536 followed an opposite trend. N application in¬ 
creased dehydrogenase activity. 

Nitrogenase activity in control plants of cluster¬ 
bean and moth bean was 381 and 281 nmoles C 2 H 4 
planr^ h"^ respectively. It increased significantly after 
inoculation with DRG 3, TAL 1436 and TAL 1536 
strains of Rhizobium in clusterbean and JMT 2D, TAL 
1436 and TAL 1536 in moth bean respectively (Table 
2), suggesting that the Rhizobium inoculation was effec¬ 
tive. Inoculation with three other strains Nif 27 A 2 , TAL 
1109 and 3 Hoa 9 did not significantly influence activity, 
suggesting that inoculation was not effective (data not 
presented). Maximum activity was observed in cluster¬ 
bean and moth bean plants inoculated with TAL 1536 
and TAL 1436 respectively. Application of N decreased 
the nitrogenase activity. Grain and straw yields higher 
than control were recorded in clusterbean plants innocu- 


lated with DRG 3, TAL 1436 and TAL 1536 and moth 
bean plants innoculated with JMT 2D, TAL 1436 and 
TAL 1536. However differences among strains were not 
significant. Other strains of Rhizobium showed no effect 
on yield (data not presented). 

Comparison of the changes in nitrogenase and plant 
NR showed that plants with high nitrogenase activity 
following Rhizobium inoculation had low NR activity as 
was also reported by Chamber^, But the contrast in the 
rhizosphere activity of NR and dehydrogenase of these 
plants was surprising as microorganisms are known to 
be a source of NR in soil. Since crops may also con¬ 
tribute towards NR activity in soiP, these results suggest 
that NR in rhizosphere of both crops was mainly of plant 
origin. This possibility is further strengthened as addi¬ 
tion of fertilizer N increased NR activity in rhizosphere 
of both crops. 

These results show that (i) effective inoculation with 
some strains of Rhizobium decreases NR activity in rhi¬ 
zosphere by reducing NR activity in plants, and (ii) 
among effective Rhizobium strains, some lead to lesser 
NR enrichment in soil in spite of similar effect on crop 
yield. These strains are likely to be more useful in 
cropping systems as they may lead to better N utilization 
by subsequent crop, by reducing the possibility of deni¬ 
trification. 


1. Ligero, F., Lluch, C., Hervas, A., Oliveras, J. and Bedmar, E. J., 
PhysioL Plant, 1987, 107, 53-61. 

2 . Harvas, A., Ligero, F. and Lluch, C., Soil Biol Biochem., 1991, 
23, 695-699. 

3. Praveen-Kumar and Burman, U,, Curr. Sci., 1996, 71, 585-586. 

4. Abdelmagid, H. M. and Tabatabai, M. A., Soil Biol Biochem,, 
1987, 19, 421. 

5. Tabatabai, M. A., in Methods of Soil Analysis (ed. Page, A. L.), 
American Society of Agronomy, Wisconsin, 1982, 2nd edition, 
pp. 943. 

6 . Jaworski, E. G., Biochem, Biophys. Res, Cornmun, 1971, 43, 
1274. 

7. Rao, A. V. and Venkateswarlu, B„ Indian J. Agric. Sci., 1983, 
53, 1035, 

8 . Chamber, M. A., Proceedings of the IV International Lupin 
Congress, 1986, p. 309. 

Received 6 January 1997; revised accepted 13 May 1997 


CURRENT SCIENCE, VOL. 73, NO. 2, 25 JULY 1997 


205 





BOOK REVIEWS 


Stochastic Partial Differential Equa¬ 
tions: A Modelling, White Noise 
Functional Approach. H. Holden, B. 
Oksendal, J. Uboe and T. Zhang. Birk- 
haiiser Verlag AG, Postfach 133, CH- 
4010, Basel, Switzerland. 1996. 231 pp. 
Price: DM 118, SFr98. _ . 

Partial differential equations arise in 
modelling various physical problems 
when the functions representing certain 
physical quantities depend on two or 
more independent variables. These 
equations are usually derived using 
certain physical laws. The governing 
laws lead to a certain functional form of 
the equations but these equations con¬ 
tain several parameters. Such modelling 
usually requires that the parameters 
involved are completely known. This is 
an ideal situation which may not be 
realizable in practice. Due to various 
uncertainties in the environment, meas¬ 
urement errors, lack of information, 
etc., it is very difficult to find out the 
‘true’ values of the parameters. In such 
situations the system cannot be deter¬ 
mined completely. A standard way of 
circumventing this difficulty has been to 
replace the ‘true’ values of these pa¬ 
rameters by some kind of average and 
hope that the behaviour of this averaged 
model is ‘close’ to that of the original 
one. This works in some cases while in 
several cases the behaviour of the aver¬ 
aged model may be fundamentally dif¬ 
ferent iTom that of the original one. 
There may be some systems which are 
governed by probabilistic law of mo¬ 
tion. The issue, whether randomness 
really exists in this physical world or it 
manifests itself due to lack of informa¬ 
tion, is of philosophical nature; it is 
certainly true that probabilistic (or sto¬ 
chastic) models quite often lead to a 
better understanding of many physical 
phenomena. Stochastic models are all 
pervasive today in almost all branches 
of science. 

Stochastic analysis is the main tool in 
treating the problems of stochastic par¬ 
tial differential equations (SPDE for 
short). There are two fundamental ob¬ 
jects in stochastic analysis: Brownian 
motion and white noise. Brownian mo¬ 
tion is a stochastic process having con¬ 
tinuous sample paths and with 
independent increments which are nor¬ 
mally distributed. Due to the 
(functional) central limit theorem 


Brownian motion represents the limiting 
behaviour of a large class of stochastic 
processes. Hence, it plays a central role 
in stochastic analysis. Roughly speak¬ 
ing, white noise is a stochastic process 
which is independent at different times 
and is identically distributed with zero 
mean and infinite variance. Due to this 
distinct feature it is treated as a good 
model for a random noise having large 
fluctuation. It is formally treated as the 
time derivative of a Brownian motion. 
Since almost all Brownian paths are 
nowhere differentiable, this formal 
definition of white noise runs into 
technical difficulty from a mathematical 
viewpoint. Nevertheless, this is popu¬ 
larly used in the literature of physical 
and engineering sciences and has led to 
the development of several important 
stochastic models. However, due to its 
lack of rigour it is desirable to develop a 
mathematical theory which would not 
only make the analysis of the existing 
stochastic models sound but would lead 
to new results as well. To this end Ito^ 
developed the theory of stochastic inte¬ 
grals with respect to Brownian motion. 
He bypassed the notion of white noise 
completely. Though Ito’s stochastic 
calculus is one of the most useful 
branches of mathematics with far- 
reaching applications, it has certain 
limitations too. In Ito’s integral one 
requires that the integrand is nonantici¬ 
pating with respect to the Brownian 
motion. Thus Ito’s calculus is not appli¬ 
cable to anticipating SPDE. One way to 
extend the theory of stochastic integrals 
to the anticipative case would be to 
involve the white noise as a part of the 
integrand. One of the first requirements 
in this direction would be the develop¬ 
ment of a rigorous theory of white 
noise. Gelfand and his collaborators^ 
made an important contribution towards 
this. Since almost all Brownian paths 
are continuous, it can be regarded as 
generalized stochastic process. Then the 
(generalized) derivative of Brownian 
motion exists and may be treated as 
white noise. This definition of white 
noise has played some positive role in 
stochastic analysis but there are some 
limitations in so far as its application to 
SPDE is concerned. Generalized func¬ 
tions are defined as continuous linear 
functionals on certain test function 
spaces; thus there is a difficulty in de¬ 
fining the product of generalized func¬ 


tions. Balakrishnan introduced a new 
theory of white noise based on finitely 
additive measures which has been ex¬ 
tensively developed by Kallianpur and 
Karandikar^. In the seventies Hida"^ in¬ 
troduced a theory of white noise. Since 
white noise is an analogue of independ¬ 
ent and identically distributed random 
variables, it can be thought of as a co¬ 
ordinate system on a certain infinite 
dimensional space. Indeed, let S be the 
space of infinitely differentiable func¬ 
tions rapidly decreasing at infinity and 
let S' denote the space of tempered dis¬ 
tributions. Let ^ denote the Borel a- 
field on S'. Then there exists a prob¬ 
ability measure on (S', ^ such that 

£[exp (i e)] = exp (-(1/2) I! 0lP), 

for all 9 e S, where II.II denotes the L^- 
norm. The space (S', ju) serves as the 
basic probability space. The coordinate 
map w : S X S' H given by 

w{(p) = w{(p, (jd) = (cu, 

0) G S', (p e S, 

(,} denoting the L" inner product, de¬ 
fines the white noise. One can then de¬ 
fine the white noise process using the 
shift operator. Brownian motion in this 
framework becomes the integral of the 
white noise. This definition of 
Brownian motion generalizes the usual 
one. Since Brownian motion appears as 
the integral of the white noise, this ap¬ 
proach provides an intrinsic way to de¬ 
fine stochastic integral without the 
nonanticipating condition. During the 
last two decades this white noise theory 
has evolved as an infinite dimensional 
distribution theory. Its space (S) of test 
functions is the infinite dimensional 
analogue of the Schwartz space S and 
the dual space (S') the infinite dimen¬ 
sional analogue of the space S' of 
tempered distributions. The rapidly in¬ 
creasing domain of applications of this 
theory includes stochastic (ordinary and 
partial) differential equations, stochastic 
variational equations, infinite dimen¬ 
sional harmonic analysis, Dirichlet 
forms, quantum probability, etc. The 
book under review deals with the white 
noise theory and its applications to 
SPDE. The authors have presented a 
self-contained theory of white noise. Its 
starting point is Hida’s theory but it 
goes much further in this direction cov¬ 
ering the major developments in the 
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past two decades. There are three cen¬ 
tral ideas in the theory: Wiener-Ito 
chaos expansion, Wick product and 
Hermite transform. Wiener-Ito chaos 
expansion enables us to represent every 
square integrable function on the basic 
probability space as a series in terms of 
certain stochastic Hermite functions. 
Wick product substantially broadens the 
applicability of the theory. The Wick 
product of two elements F, G in (S') is 
expressed in terms of a (formal) chaos 
expansion with coefficients which are 
inner products of the coefficients in F 
and G. This product generalizes the 
usual product and satisfies all the ordi¬ 
nary algebraic rules of multiplication. 
Thus one can carry out the calculations 
in much the same way as with usual 
products. Problems arise, however, 
when limit operations are involved. To 
get rid of this difficulty, one defines the 
Hermite transform which converts Wick 
product into ordinary (complex) prod¬ 
uct. This transformation converts an 
element in (S') into an element in the 
space of complex numbers. It plays the 
most crucial role in its applications to 
SPDE. The general approach to solve 
SPDE is as follows. Interpreting all 
products in the SPDE as Wick product 
take Hermite transform to convert the 
SPDE into a deterministic PDE with 
complex coefficients. If the transformed 
equation has a ‘nice’ solution, then by 
taking inverse Hermite transform one 
obtains a solution of the original SPDE. 
This general methodology has been 
applied to solve several SPDE of practi¬ 
cal importance: stochastic Poisson 
equation, stochastic transport equation, 
stochastic Burger equation, etc. The 
methodology seems to be very powerful 
in handling linear SPDE and certain 
quasilinear SPDE, but it seems to have 
its limitations in dealing with fully non¬ 
linear SPDE. 

Apparently the book is based on the 
research work carried out by the authors 
to investigate the flow of fluid in reser¬ 
voirs undergoing random fluctuations. 
Their endeavour has certainly added a 
fresh lustre to the theory of SPDE. It is 
therefore heartening to note, in conclu¬ 
sion, that through their work the authors 
have re-established the fact that the two 
forms of human activities, namely the 
following of the events in the physical 
world and imagination keep on crossing 
each other’s path. The history of 


mathematics is full of such instances. 
This book adds, albeit in a small way, to 
these cases. 


1. Ito, K., Proc. Imp. Acad. Tokyo, 1944, 
20,519-524. 

2. Gelfand, M. and Vilenkin, N. Y., Gen¬ 
eralized Functions, Academic Press, New 
York (English Translation), 1964, vol. 4. 

3. Kallianpnr, G. and Karandikar, R. L., 
White Noise Theory of Prediction, Filter¬ 
ing and Smoothing, Gordon and Breach, 
Basel, 1988. 

4. Hida, T., Brownian Motion, Springer, 
New York, 1980, 

Mrinal K. Ghosh 

Department of Mathematics, 

Indian Institute of Science, 

Bangalore 560 012, India 


Annual Review of Nuclear and Parti-* 
cle Science 1996, Chris Quigg Assoc. 
Vera Liith and Peter Paul, eds. Annual 
Reviews Inc., 4139 El Camino Way, 
Palo Alto, CA 94303-0139, USA. Vol. 
46. 658 pp. Price: US$ 67, Elsewhere 
$72. 


... we have to keep running to stay 
where we are, says the white rabbit to 
Alice.... In an effort to keep track of the 
principal developments in nuclear and 
particle sciences, one looks forward to 
sources of good review articles, that can 
critically examine the current advances. 
The Annual Review sequence continues 
to be an important source. In an era, 
when the active physicist has no time or 
inclination to stop and write a critical 
overview of developments, Chris Quigg 
has accomplished a very difficult task in 
both the choice of topics to be reviewed 
and the authors to carry out the assign¬ 
ment. 

I enjoyed the delightful history, the 
march of particle physics over the last 
five decades brought out in the prefa¬ 
tory chapter by Sam Treiman. From 
QED that was firmly established as a 
precision theory in the 50s to the Stan¬ 
dard Model as the comprehensive theory 
of the day and then beyond is quite a 
breathtaking journey. This includes 
three stages; “a heroic era of rampart 
experimental discovery and theoretical 
casting about, dating from the immedi¬ 


ate post-war years to the late 1960s; a 
triumphant middle period in which the 
Standard Model is formulated, passes 
critical tests and establishes as a serious 
dynamical theory by about the middle of 
1980s; and ‘the what next era’ of grand 
unification, supersymmetry, super¬ 
string...”. There is a brief excursion into 
the affairs of JASON, which is referred 
to by Sam Treiman as a technical con¬ 
sultant group composed of university 
scientists interacting with the agencies 
of the US government, chiefly on se¬ 
curity matters. There was a considerable 
controversy in those days on the pro¬ 
priety of the involvement of eminent 
scientists in the covert war efforts in 
Vietnam and elsewhere. Nevertheless, 
Treiman makes a case that it is quite 
purposeful for the innovative scientists, 
with tremendous skills for complex 
problem solving, to constitute them¬ 
selves as an unconstrained think tank 
for the society. Should there not be 
JASON here, as India gropes into the 
21st century carrying with it a reservoir 
of enquiring tradition and a halo of a 
glorious past on the one hand and the 
glitter of modern science on the other 
that is yet to be absorbed in our native 
psyche? 

The main event in the nuclear and 
particle science for 1996 is clearly the 
sighting of the top quark, believed to be 
the last of the species of quarks. As a 
fundamental elementary constituent it is 
unexpectedly heavy. An overview of the 
two experiments detailing the top quark 
measurements and a perspective and 
prospects for the future is given by Ste¬ 
phen J. Wimpenny and Brian L. Winer, 

The standard model that describes all 
basic forces, save gravity, is made up of 
two components: the electro weak part 
and the QCD; and the emphasis in the 
Annual Review is clearly on the QCD 
part. QCD is tested in three different 
regimes; (1) perturbative probes using 
deep inelastic scattering; (2) quasi non- 
relativistic effects in the spectra of 
heavy quarkonia; and (3) the quark 
gluon plasma phase revealed in the high 
energy heavy ion collisions. The status 
of developments in each of these three 
modes is found in this volume of re¬ 
views. The technical developments in 
the task of next to leading order QCD 
computations are straightforward in 
principle, but rather complicated in 
practice. The progress in this makes use 
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of the lessons we have learned from the 
String Theory that effectively organizes 
several independent Feynman diagrams 
into just a few, making yet another use 
of the principle of duality. This repre¬ 
sents one of the progresses in one loop 
computation according to Bern, Dixon 
and Kosower. The rate of production of 
various charmonium states at Tevatron 
collider was several orders of magnitude 
larger than the best theories a few years 
ago. This had called for a revision of 
notions to be incorporated in the non- 
relativistic QCD and the review by 
Braaten et al. summarizes the theoreti¬ 
cal developments and draws up the con¬ 
sequences for the heavier quarkonia that 
remains to be analysed.*’ But the real 
puzzle of the hadronic world is that we 
have a beautiful theory in QCD, how¬ 
ever, with the basic entities of which 
remaining hidden in the phase in which 
it is immediately encountered. It is be¬ 
lieved that there is another phase in 
which these basic ingredients are ex¬ 
plicit and hence the theory must be 
more directly relevant. The quark-gluon 
plasma phase is expected to be realized 
in the high energy heavy ion collisions 
and we must be able to see a glimpse of 
the matter as it existed in the first tiny 
Ixaction of a second after the big bang. 
The unambiguous signal that recognizes 
such a phase has been sought keenly for 
more than a decade of experiments at 
AGS, Brookhaven. So far we seem to 
have drawn a blank. What are the pros¬ 
pects at RHIC (Relativistic Heavy Ion 
Collider) to be commissioned soon and 
at LHC (Large Hadron Collider) that 
will be ready in the first decade of the 
next century? Kahana et al. and Harris 
and Muller point out that a much larger 
canvas in the parameter space (density 
and temperature) will be probed in the 
future, so that we may hope for a clearer 
picture. 

QCD is also probed in the spectra of 
mesons and the non-leptonic decays of 
charm and beauty carrying particles. 
The central issue remains the confirma¬ 
tion of the glueball (flavourless, quar¬ 
kless state) and the hybrid states that 
may be accessible in the low energy 
machines. There is a wealth of data that 
are being accumulated and there is 
much physics to be understood. Chiral 
perturbation theory is recognized as a 
valuable tool in the analysis. While the 
articles on these topics in the Review are 


rich with information, the reader, I am 
afraid, is bewildered if he is looking for 
a direction. 

There is no review on either the theo¬ 
retical developments or experimental 
expectations on supersymmetry. Nor is 
there any mention of the recent excite¬ 
ment on the new symmetries observed 
in string theory. Is there an unwritten 
convention that what is beyond the 
Standard Model is also beyond the 
Annual Review of Nuclear and Particle 
Sciencel 


R. Ramachandran 
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Experimental Techniques in Bioelec- 
trochemis'try. V. Brabec, D. Walz and 
G. Milazzo, eds. Birkhaiiser Verlag AG, 
Postfach 133, CH-4010, Basel, Switzer¬ 
land. 1996, Vol. 3. 558 pp. Price: not 
known. 


Bioelectrochemistry represents one of 
the earliest interfaces between biology 
and chemistry and it is now acquiring a 
fashionable label. This volume is the 
third in a series initiated by the late 
G. Milazzo who has contributed signifi¬ 
cantly to the recognition of this area. 

The book consists of nine chapters 
contributed by various experts in their 
respective areas. As often happens with 
such an enterprise, the quality is vari¬ 
able both in terms of style and sub¬ 
stance. The material contained in the 
book can roughly be divided into two 
classes. The first represents basically 
electrochemical techniques which can 
also be applied to biological systems 
and the second represents techniques 
resulting from a synthesis of electro¬ 
chemical and biological principles. 
More than half the book is devoted to 
the former class of techniques. Unfortu¬ 
nately, this part suffers from comparison 
with the excellent books on electro¬ 
chemical techniques which are currently 
available. This is particularly true of the 
chapter on the electrochemical imped¬ 
ance technique. The authors have 
mostly referred to older texts and re¬ 
search papers from the 60s and 70s. 
Rapid advances in instrumentation and 


software for data analysis have taken 
place since then and it is a pity that no 
reference is made to these in terms of 
recent books and papers. This chapter 
also suffers from the fact that the 
authors do not describe any examples of 
application of electrochemical imped¬ 
ance to biological problems. This will 
leave the reader clueless abou^what to 
do with this technique. 

About 200 of the 500 odd pages are 
devoted to two chapters on voltamme¬ 
try. The authors have included a lot of 
avoidable maths which sometimes also 
suffers from typographical errors. Again 
there are no significant examples of 
applications in biology. It is nice to see 
a chapter on biosensors which is a rap¬ 
idly growing area of application which 
provides an interface between electro¬ 
chemistry and biology. Though the 
chapter is well-documented and sup¬ 
ported by more than 400 references, 
only a handful are later than 1990 and 
none after 1992. One can imagine there 
was a long wait between the writing and 
publication of the book in 1996. The 
chapter on in vivo use of microelec¬ 
trodes is interesting and contains some 
useful experimental details. The authors 
of this chapter have devoted space to 
theory of voltammetry which is a repe¬ 
tition of concepts already presented. 
This space could have been better util¬ 
ized for a detailed discussion of some 
applications. The review of spectroelec- 
trochemical techniques is good and is 
accompanied by numerous examples, 
some taken from the authors’ work. The 
book ends with a very readable chapter 
on the patch-clamp technique. It con¬ 
tains a good mix of experimental details 
and applications to entice one to look at 
the technique more seriously. 

The book can be recommended as a 
good starting point for a biologist who 
is interested in using electrochemical 
techniques. Though some of the chap¬ 
ters contain a heavy dose of maths de¬ 
scribing mass transport and electron 
transfer processes, the beginner can 
easily skip these sections without being 
handicapped. One hopes it will help to 
make bioelectrochemical techniques 
more popular in experimental biology. 

A. Q. Contractor 

Indian Institute of Technology, 

Powai, Mumbai 400 076, India 
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A. K. Saha - An obituary 


Ajit Kumar Saha (1925-1997) could be 
identified as one of those rare varieties 
of personalities, whose name was syn¬ 
onymous with total dedication and de¬ 
votion to science. At least this was the 
conviction of Saha’s countless students, 
colleagues and admirers, making him a 
legend among the Indian scientific 
community. A confirmed bachelor, he 
was often referred to have been wedded 
to scientific teaching and research. 

Rajshahi town (now in Bangladesh) 
harboured the ancestral home of the 
Sahas, a distinguished family of educa¬ 
tionists. The father of Ajit, Abinash 
Chandra Saha, served the Bengal Gov¬ 
ernment in its Education Service, and 
eventually retired as Professor of Phys¬ 
ics from the Presidency College, Cal¬ 
cutta in 1947. Ajit was born in Patna on 
25 May 1925 at his maternal grandfa¬ 
ther’s place. It was quite natural that the 
spirit of education and research was 
inherited by young Ajit. His father was 
in the faculty of Chittagong Government 
College when Ajit had his early 
schooling at the Chittagong Municipal 
School. Here he read up to Class IX, 
and left for Calcutta in 1939. His father 
was transferred from Chittagong Gov¬ 
ernment College to Presidency College, 
Calcutta. Ajit accompanied his father to 
Calcutta and got admitted in Hindu 
school in 1939 and passed the Matricu¬ 
lation Examination in 1941 with letter 
marks in many subjects and standing 
first among the boys of Hindu School. 
From 1941 to 1997, for a long 56 years, 
Ajit Saha had an almost unbroken rec¬ 
ord of association with the academic 
atmosphere of College Street area, first 
with Hindu School, then with the Presi¬ 
dency College, an institution of prestige 
and honour. Saha did his I Sc (1941-43) 
securing 13th position, B Sc with Hons. 


in Geology (1943-45) standing first 
class first with record marks in Calcutta 
University and M Sc in Geology (1945- 
47) again standing first class first. Sub¬ 
sequently he obtained D Phil degree 
from the University of Calcutta in 1958 
and Ph D from Toronto University in 
Canada (1958) where he stayed for two 
years. 

Saha’s professional career started in 
the Geological Survey of India as a 



Geological Assistant. He served the GSI 
from 1948 to 1951. His true teaching 
and research activities started in 1951 
when he joined the Presidency College 
as Assistant Professor of Geology and 
subsequently as Professor of Geology from 
1962 to 1990. After his retirement from 
the Presidency College in 1990, Saha 
worked in the same Department as CSIR 
Emeritus Scientist from 1990 to 1993. 


Saha was busy planning, along with 
some of his eminent colleagues and 
friends, to establish a non-Governmcnt 
organization with growing needs of the 
country in mind, particularly those of 
West Bengal, to tackle the ever-increasing 
pollution problems. With the sustained 
effort of his colleagues, he played a 
leading role. The Center for Study of 
Man and Environment was established 
in 1978. The prestigious position he 
occupied until the day of his expiry was 
held with great capability, unstinted 
faith and high degree of quality. 

Over 40 years of professional ap¬ 
proach, he covered varieties of related 
and unrelated disciplines like pre- 
Cambrian stratigraphy, geo-chemistry, 
petrol-chemistry, application of statisti¬ 
cal techniques on geology and lately 
intensive studies on various aspects of 
environmental pollution. He won sev¬ 
eral laurels. 

Several students obtained their PhD 
degrees under his supervision in sub¬ 
jects ranging from pre-Cambrian geol¬ 
ogy to various aspects of environmental 
science. 

With the passing away of Saha, an 
area of scientific excellence has come to 
an end, creating a void which will be 
difficult to fill. The scientific commu¬ 
nity of India will fondly remember him 
with great affection and admiration. 

Saha passed away after a brief illness 
in the early hours of 27 April 1997. 

SuNiRMAL Chanda 
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INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 

Applications are invited from Indian nationals preferably below the age of 35 years for FACULTY 
POSITIONS at the level of ASSISTANT PROFESSORS in the Solid State and Structural 
Chemistry Unit. The candidates should have (i) Ph D degree and (ii) three years (relaxable in 
exceptional cases) of post-doctoral experience in the broad areas of solid state and materials 
chemstry including synthesis, structure determination and property measurements. The total 
emoluments at the minimum of the scale of Rs 3700-125-4950-150-5700 (likely to be revised) 
are around Rs 1,32,000/- per annum. Candidates are requested to send their curriculum vitae 
with a list of publications, important reprints, a short description of the research activity they would 
like to pursue in case they are selected and names of at least three referees with their addresses 
including Fax and E-mail addresses to Prof. S. S. Krishnamurthy, Chairman, Division of 
Chemical Sciences, Indian Institute of Science, Bangalore 560 012 within 2 months of 
publication of this advertisement. The referees may be requested to send their assessment 
directly to Prof. S. S. Krishnamurthy (E-mail; deche@admin.iisc.ernet.in or Fax No. +91-80- 
3340416). For further informaiton please contact Prof. M. S. Hegde, Chairman, Solid State and 
Structural Chemistry Unit (e-mail: cmsscu@sscu.iisc.ernet.in) or visit the home page URL.http:// 
www.sscu.iisc.ernet.in. 

R(IA)308-11/97 REGISTRAR 

16 July 1997 



INDIAN INSTITUTE OF CHEMICAL BIOLOGY 

4, RAJA S. C. MULLIK ROAD, JADAVPUR 
CALCUTTA 700032 

No. Admn-1(3)/SCT/1/97 Date: 9 July 1997 


ADVERTISEMENT NO. 1/97- CORRIGENDUM 

[Current Science, 1997, 10 July, 94-95] 

In partial modification of Advertisement No. 1/97, Essential Qualification for Post No. (ii) may be read 
as under:- 

Post No. (ii) 

Essential Qualification: 1st Class M Sc or M Pharm with 3 to 4 years of research experience. For the 
candidates having a Ph D degree (either in Science or Pharmacy), one year research experience in 
Radio Pharmacy is necessary. 

All other terms and conditions remain the same. 
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GENEI 


Bangalore Genet Pvt Ltd. 

Bangalore Genei is a well-renowned company engaged In manufacturing and marketing of 
biotechnology products in India. We are now embarking on an R&D project in collaboration with a 
biotechnology company in USA. For this project, we invite applications for the following positions: 

(1) Bacterial Geneticist/Molecular Biologist: Candidate should possess a Ph D and some post¬ 
doctoral experience. Research experience in biology is required with emphasis on bacterial 
genetics, recombinant DNA methods, recombinant phage dispiay, cioning, expression, mutagenesis, 
mutant selection, screening of libraries, purification and biochemicai characterization of recombinant 
proteins. Applicants should be well versed in microbiology, molecular and cell biology, genetics, 
biochemistry, protein expression and purification and should also be competent to direct and 
supervise the work of assistants. 

(2) Biochemist: Candidate should possess a Ph D; post-doctoral experience preferred. Extensive 
protein biochemistry and enzymology experience with proven ability to purify, characterize and 
develop assay formats for enzymes required. Should also be competent to direct and supen/ise the 
work of assistants. 

The selected candidates should be willing to join as soon as possible. Persons interested for being 
considered for these positions may send their biodata (with list of referees) to: Dr P. Babu, 
Managing Director, BANGALORE GENEI PVT. LTD. No. 6, 6th Main, BDA Industrial Suburb, Near 
SRS Road, Peenya, Bangalore 560 058, INDIA. 


Last date for receipt of application: 27 August 1997 


FIRST ANNOUNCEMENT 

INTERNATIONAL CONFERENCE ON ARSENIC POLLUTION OF GROUND 
WATER IN BANGLADESH: CAUSE EFFECT AND REMEDY 

9-13 FEBRUARY 1998 
VENUE: DHAKA, BANGLADESH 
Including 2 day visit to arsenic affected villages 

CONTACT PERSONS: 

IN BANGLADESH: 

Professor Quazi Quamruzzaman, Chairman, Dhaka Community Hsopital Trust. 

1089 Malibagh Choudhurypara Dhaka 1219, Bangladesh. 

Tel: Off. 88-02-834887, 88-02-416582, Res. 88-02-833385, E-mail: dch@bangla.net 

IN INDIA: 

Dr Dinakar Chakraborti, Director, School of environmental Studies, 

Jadavpur University, Calcutta 700 032, India, 

Tel: Dpt. 00-91-33-473-5233, Res: 00-91-33-412-1239, 

Pax: direct 00-91-33^73^266, E-mail: dcsoesju@giascl 01.vsnl.net.in 

ORGANIZED BY: 

DHAKA COMMUNITY HOSPITAL TRUST, 

DHAKA, BANGLADESH SCHOOL OF ENVIRONMENTAL STUDIES, 

JADAVPUR UNIVERSITY, CALCUTTA, INDIA. 
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POORNA PRAJNA INSTITUTE OF SCIENTIFIC RESEARCH 

ADMAR MUTT EDUCATION FOUNDATION, NO. 4, SADASHIVNAGAR 

BANGALORE 560 080 

POORNA PRAJNA POST-DOCTORAL RESEARCH POSITIONS 

POORNA PRAJNA INSTITUTE OF SCIENTIFIC RESEARCH has been established by the Admar Mutt 
Education Foundation. This Foundation is a trust sponsored by the Admar Mutt Education Council, a 
registered Society, wholly devoted to the cause of Education. The Society is presently running 20 Poorna 
Prajna Education Institutions which have earned a name for themselves for providing quality education at 
school and college levels. The Poorna Prajna Institute of Scientific Research will be home for pursuit 
of internationally competitive research in basic sciences, an area of India’s recognized strength. The 
Advisory Committee for the Institute comprises eminent senior scientists of our country. 

In the first instance, applications as well as nominations are invited for the award of four prestigious 
Post-Doctoral Research positions, two of which will be Post-Doctoral Fellows and two will be 
Research Scientists. Fresh doctorates can apply for Post-Doctoral Fellowships with the initial 
consolidated monthly stipend of Rs 8000/-. Candidates with at least 2 years’ post-doctoral experience will 
be eligible to apply for the positions of Research Scientist, which will initially carry a consolidated 
monthly stipend of Rs 12,000/-. The tenure of all four positions will be one year, extendable for two more 
years after review of research performance at the end of each year. The stipend for all post-doctoral fellows 
as well as research scientists will be raised by Rs 500/- per month after every year of acceptable 
performance. 

Selected candidates will be provided with modest hostel-type accommodation and a contingency grant 
to support their research. In case accommodation is not provided, an allowance of Rs 1000/- per month 
will be given. 

Candidates may indicate their speciality in any of the following disciplines. 

1) Mathematics 

2) Theoretical Studies in Physics, Chemistry or Biology 

3) Materials Science 

4) Information Science 

The Indian Institute of Science, Bangalore and some other leading centres of science have offered to 
provide facilities to selected candidates for carrying out their research. Arrangements will be made for 
the association of these candidates with eminent professors. This arrangement will continue until Poorna 
Prajna Institute of Scientific Research develops its own infrastructure which will not be later than July 
2000. 

APPLICATIONS/NOMINATIONS are to be submitted to the Hon. Director, Poorna Prajna Institute 
of Scientific Research, Admar Mutt Education Foundation, No. 4, Sadashivnagar, Bangalore 
560 080. There is no prescribed form. Applications/nominations are to be accompanied by bio-data 
containing all essential information such as: Name & Address; Date of Birth; Marital Status; 
Educational Qualifications (mention University and Grade or % marks obtained) from the SSLC level to 
Doctorate (specialization in any of the disciplines mentioned above); Academic Distinctions; Research 
Publications/Reports; Synopsis of the Ph D thesis; Names of two Referees acquainted closely with the 
research of the applicant/nominee and any other relevant information. Merit will be the sole criterion 
for selection and those with the brightest track record only may apply/be nominated. 
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In this issue 


Birth of a paradigm 

For many years now, astronomers have 
known of objects whose energy output can 
best be explained by the release of the 
gravitational potential energy of matter 
falling into a black hole. In the standard 
picture, gas gradually spirals in under its 
own internal friction, with enough time 
available to radiate away the heat gener¬ 
ated. However, in the last few years, a new 
phrase has entered the literature ‘advection- 
dominated accretion’. Espoused strongly 
by the Harvard group led by Ramesh 
Narayan, this alternative highlights a pa¬ 
rameter regime in which there is not 
enough time to radiate away the heat 
generated. The energy is carried in - 
‘advected’ - past the event horizon of the 
black hole. The article ‘Black hole event 
horizons and advection-dominated accre¬ 
tion’ by Michael R. Garcia, brings the 
basic observations and theoretical model¬ 
ling to Current Science readers (page 
242). Apart from detailed modelling of 
X-ray novae, a specific class of objects, 
there are interesting general arguments as 
to the necessity of event horizons in any 
viable model of the observations’ and 
herein lies the broader appeal of this body 
of work. 

While there had been earlier hints that 
advection could be important in accretion 
phenomena, the recent work has thrust the 
phenomenon into the forefront, insiders 
know that the calculations involve cutting 
more than one Gordian knot - general 
relativity, transonic flows .... to get at the 
answer, and much work is already underway 
addressing these issues. 

Rajaram Nityananda 

Thick styles help honey bees 

Every child knows the story of an intelli¬ 
gent thirsty crow that drank from a huge 
pot containing very little water. The crow 
raised the water level by dropping stones 
into it and quenched its thirst, Belavadi 
and his group report (page 287) a similar 
‘story’ where honey bees harvest nectar 
from the corolla tubes of cardamom 
flowers from levels they cannot generally 
reach. But there are differences; unlike in 


the crow’s story, the trick lies not with the 
ingenuity of the honey bee but with the 
strategy adopted by the plant. Cardamom 
flowers are pollinated by honey bees and 
in return the plant offers nectar in their 
long corolla tubes. Belavadi et al. 
observed that honey bees, though have a 
very short proboscis, could harvest nectar 
from much deeper levels of the corolla 
tube. They argue that the presence of style 
in the corolla tube reduces the effective 
diameter of the cavity of the corolla, 
creating a capillary effect. Consequently, 
the nectar level rises in the corolla tube by 
adhesive and cohesive forces. This rise is 
not purely due to the physical displace¬ 
ment of nectar by the style but due to 
additional physical forces created by the 
reduced diameter of the corolla tube. This 
helps honey bees to harvest more nectar 
than otherwise available to them, such that 
their visits to the plant are sustained. 
Belavadi et al. also demonstrate this with 
very simple but elegant experiments in the 
lab. They offered nectar to the honey bees 
in artificial corolla tubes containing artifi¬ 
cial styles and showed that, in conformity 
with the predictions, the depth to which 
the nectar is harvested increases with the 
diameter of the style. There are problems 
however. 

First, even if the style helps raising the 
nectar level, the honey bees cannot access 
nectar at le\'els lower than that their 
proboscis could reach. Therefore the level 
to which the nectar is harvested should 
still correspond to the length of the 
proboscis. But Belavadi’s group found 
that the nectar levels in the harvested 
flowers were much below the length of the 
proboscis. They suggest that this might be 
possible due to the stomodeal pumps the 
honey bees use to ‘suck’ the nectar which 
might also help the column of the nectar to 
rise because of the ‘stickiness’ of the 
nectar. It is also likely that the proboscis 
of the bees also might reduce the effective 
diameter of the corolla such that when the 
proboscis is taken out, the nectar level falls 
below that the. bee can reach. 

Second, there are also problems in 
viewing this as an adaptive strategy of the 
plant. The functional advantage to the 
plant need not arise as a result of natural 
selection operating on the system but 
purely as a spin-off of the basic design of 


the floral whorls of the angiosperms. 
Fortunately, the system reported by 
Belavadi’s group constitutes an interesting 
and amenable material for dissecting out 
these alternatives. These and other related 
issues are discussed in the context of the 
Panglossian paradigm in another article in 
this issue (page 225). 

K. N. Ganeshaiah 


Mathematics and nature 

The fact that mathematics is useful is 
almost universally accepted. The realiza¬ 
tion that mathematics can be useful and 
applied in diverse disciplines sometimes 
makes ‘pure mathematicians’ uncomfort¬ 
able. There is, after all, a perceived virtue 
in being untouched by other fields. In the 
scientific caste system, informally prac¬ 
tised in the best of our institutions, pure 
mathematicians appear more glamorous 
than their ‘applied’ counterparts. But in 
recent times, even the most esoteric of 
fields can hardly remain free of some 
derived utility. Theoretical physicists con¬ 
templating the secrets of the universe are 
closer to philosophy and religion than 
scientists with their feet (and ideas) rooted 
to the ground. In constructing grand 
theories in physics mathematical elegance 
and consistency are key features. Mukunda 
(page 247) in an essay, rich in quotations 
from a galaxy of scientific immortals, 
considers the issue' of ‘existence and 
reality in mathematics and natural sci¬ 
ences’. For many readers, Eugene Wigner’s 
statement that ‘...the enormous usefulness 
of mathematics in the natural sciences is 
something bordering on the mysterious 
and ... there is no rational explanation for 
it’, will strike a chord. In attempting to 
define the relationships between math¬ 
ematics and the natural world, Mukunda 
reaches a provocative conclusion - 
‘because mathematics is essential to de¬ 
scribe nature we have to adopt a more 
open view of existence and reality, going 
beyond space, time and the tangible .... 
Mathematics then, like Nature, has also an 
intangible level of existence.’ 

P. Balaram 
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NEWS 

From opium den to micro-electronics: Return of Hong Kong adds 
‘superb S&T asset’ to China 


When Hong Kong returned to the fold 
of the Peoples Republic of China (PRC) 
on 1 July 1997, China acquired many 
assets which will contribute very signi¬ 
ficantly to the unstoppable drive of China 
becoming, in just 50 years since its 
Revolution, the unquestioned military and 
economic powerhouse of the Asian and 
Pacific half of the Globe. 

One such asset is the Hong Kong Uni¬ 
versity for Science and Technology 
(HKUST). An US inter-agency study team 
on materials research visited China in June 
1995. The following extract from the tour 
report of this team speaks for itself: 

‘The Hong Kong University for Science 
and Technology was incorporated in April 
1988 as a world-class technological Uni¬ 
versity. Its objectives are to educate men 
and women who will contribute to Hong 
Kong’s economic and social well-being 
and to promote research development, 
and entrepreneurship in the Asia-Pacific 
region. The university is publicly funded 
and comprises four schools. The Schools 
of Science, Engineering and Business and 
Management provide both undergraduate 
and postgraduate education through to the 
doctorate. The University also includes a 
number of interdisciplinary Research Insti¬ 
tutes and a Technology Transfer Center to 
facilitate technical collaborations between 
industry and the University. It had an 
undergraduate student body of 3,116 and 
796 graduate students with a faculty of 
360 in the 1993-1994 academic year. Most 
of the faculty are educated in the US. 

‘This is a remarkable institution which 
has grown from a mere concept seven 


years ago to a startup campus four years 
ago and now (1995) to a thriving enter¬ 
prise with more than 400 faculty and 
5000 students. Perched on a hill with 
“superb facilities” and a magnificent view 
of the harbor, this University is rapidly 
becoming a symbol of the technology 
strategy of Hong Kong. 

‘In a free-ranging discussion, the (US) 
team described our mission and our 
preliminary conclusions about the mate¬ 
rials research scene in the PRC. They 
(HKUST), too are pursuing interaction 
with the best of these universities and 
institutes on the mainland for the same 
reasons that US companies must-lower 
cost manufacturing and access to a vast 
potential market in addition, there is the 
obvious motivation associated with the 
transition in 1997. 

‘We discussed the potential impact of 
the imminent transition of Hong Kong 
to the PRC. The interdependency between 
the business in Hong Kong and the main¬ 
land, already significant, will certainly 
grow. For example, we were told that 
manufacturing employment in Hong Kong 
has decreased dramatically in recent years 
from ~ 900,000 to 400,000, but that 
simultaneously employment of these busi¬ 
nesses in the mainland has increased from 
near nothing to 3.5-4.0 million. HKUST 
will play a significant role in the linkage 
between Hong Kong high tech industry 
and the mainland by their own design 
as well as with the encouragement of the 
Hong Kong government. As an example 
of the latter situation, they are participants 
in tripartite research teams encouraged 


by the HK government which are designed 
to link an HK university, and HK busi¬ 
ness, and a mainland China institution. 
They encouraged our team to consider 
HKUST in this “broker” role in our 
recommendations to the US government, 
as well as emphasizing their own capa¬ 
bilities for direct cooperation with labo¬ 
ratories in the States. 

'Activities and assessment: We were 
then taken on a brief tour of the faci¬ 
lities of the MCPC and a related Micro- 
Electronics Processing Centre (MPC). 
These facilities, housed in “superb quar¬ 
ters” designed for them, and equipped 
with a very generous startup grant from 
the government, are the equal of any in 
the world. Some would say that as a 
result of the completely integrated infor¬ 
mation network and the special design 
features and fully equipped nature of the 
characterization and processing equip¬ 
ment, these facilities exceeded those found 
in a single institution anywhere. It was 
interesting to learn that most of the equip¬ 
ment of the MPC was being purchased 
from the US in addition to high quality, 
this was attributed to the US university 
origin of the most of the faculty who 
will use the MPC, and their predilection 
to use the equipment they had been 
exposed to in the States. 

*We were left with the impression of 
a superb university in its early developing 
years, one which will have to be reckoned 
with in the field of materials research, 
and one which may serve as a valuable 
partner and broker in subsequent dealings 
with mainland institutions.’ 
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On biotechnology 

The new President of India, Mr K. R. Narayanan authored an article in Current Science several years ago (1989, 
58, 534-536). We reproduce below an extract: 


\. there is a bright future for the 
application of biotechnology for the bene¬ 
fit of mankind. I am not drawing the 
picture of a biotechnological paradise, but 
when I contemplate the ultimate fruits of 
this new branch of science and techno¬ 
logy, I recall the lines of the poet who 
sang of an imaginary land: 

Where there is neither death nor age 
And the poor have all the money 
The wells are full of wine 
New bread grows on trees 
And roasted pigs run about, 

Crying, ‘Eat me, if you please,' 

There is, however, no Garden of Eden 


without a snake in it. Biotechnology has 
also its adverse effects. We do not yet 
know the long-term consequences of play¬ 
ing with the genes of living organisms, 
cloning them, splitting them, indeed tam¬ 
pering with the still inscrutable balance 
of nature and the ultimate mysteries of 
life. All one can say is that one has got 
to be extremely cautious and think deeply 
over the chain of possible consequences 
to mankind and to the universal order 
while we delve into the secrets of life, 
tampering with the geometry and chem¬ 
istry of nature for satisfying the hunger, 
the thirst and the insatiable greed of man. 
We also ought to ask if the final solution 


to the endlessly increasing wants of man 
is only more and yet more production 
and the incessant multiplication of goods, 
or if some checks and restraints ought not 
to be put on this ceaseless escalation of 
human population and the even greater 
augmentation of human needs and cravings. 
Perhaps this is too philosophical a question 
to be posed to geneticists and biotechnolo¬ 
gists. But then are not geneticists like par¬ 
ticle physicists playing in those extreme 
border regions of science that are nearest 
to philosophy and metaphysics? ... 


K. R. Narayanan 


CORRESPONDENCE 

Biodiversity - Patents are against national interests 


In our own interest, we must not sign 
any ‘Patent Treaty’ because we shall lose 
considerably. The flora and fauna of this 
vast country with all possible diversities, 
is among the richest; but on record, the 
representative descriptions are mostly 
based on ‘road-side surveys’. We have 
also labelled disciplines dealing with 
anatomy and taxonomy as ‘obsolete’ 
during the 1970s. Due to a variety of 
reasons, modem biology, genetic engi¬ 
neering and DNA technology have taken 
over as new ‘high tech’ needs of the 
country, with the result that researches 
in plant and animal taxonomy have been 
squeezed out of almost, all major univer¬ 
sities in India. Honestly, we cannot list 
even ten qualified experienced plant and 
animal taxonomists in each state of this 
vast country who are still in touch with 
their original interests. Actually, instead 
of modernizing areas of systematics, we 
have openly condemned these branches. 
However thanks to ‘Biodiversity aware¬ 


ness’ we are now searching our own 
torn bags. So, practically, what we know 
in Indian biodiversity in 1997 is only 
marginally greater than what we knew 
in 1960s. 

Remarkably, all representatives of 
Indian flora and fauna must be present 
in several laboratories/herbaria of other 
countries as there has been a bonafide 
prequisite of ‘getting it identified, con¬ 
firmed and isotype deposited’ elsewhere. 
All new species, microbial cultures, 
living and dried specimens are being sent 
to a large number of laboratories and 
research centres in other countries from 
several decades. Then, there are multi¬ 
national or international institutes in India 
and abroad who have 100 times more 
resources and might have collected or rather 
obtained almost all relevant germplasm. 

Whatever be the law, we can never 
protect our ‘wealth of biodiversity’. 
Practically, we already have huge debts!. 
Why get bound in any treaty? On the 


contrary, we should resolve that anything 
that grows in India, found in India, is 
Indian and we shall use it. Why com¬ 
partmentalize this country on the basis 
of biological wealth? 

I totally agree with Suman Sahai (Curr. 
Sci., 1997, 72, 696-697) that patents 
favour only the patent holder, not the 
common man. On one hand we have 
progressed in science saying it is for the 
uplift of common man. Now, we however, 
are intent on commercializing every bit 
of ‘leaf and flesh’. Actually the entire 
concept is inhuman and against inter¬ 
national brotherhood. Patent is only com¬ 
merce; science, not the least!! 


H. K. Goswami 


Department of Genetics, 
Barkatullah University, 
Bhopal 462 026, India 
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Sandur schist belt as a potential gold field 


Manikyamba et al. (Curn ScL, 1997, 72, 
515-518) report that the gold minerah- 
zation occurs -over a wide region in the 
Sandur schist belt (SSB) than it was 
hitherto known, and one can appreciate 
it may have the potential to turn out to 
be a future gold field. I have some 
comments to offer regarding the nature 
of gold mineralization and on the authors’ 
statements regarding ore grade, mineabil- 
ity, etc. 

The autliors state that most of the gold 
is invisible and refractory (pp. 515, 516 
and 518). Besides particulate gold, most 
of the gold reported from various locali¬ 
ties in SSB can be described as ‘ultrafine’ 
gold, which comprises (i) free gold grains 
smaller than 5 |im in diameter, (ii) gold 
under 5 \im and physically absorbed onto 
iron and manganese oxides, clay minerals, 
sulphides, silicates and suspended matter, 
and (hi) colloidal gold (Xueqiu et al}). 
The term ‘refractory’ has too broad a 
meaning. According to Gasparrini^, if the 
ore microcomposition is known and the 
correct extraction technique for that 
microcomposition is employed, no ore is 
refractory, and she emphasizes employing 
microanalytical studies, especially for 
precious metals, as they occur in their 
host rocks in very low quantities which 
are often difficult to detect by other 
methods of mineral identification. 

Regional geochemical mapping/surveys 
by employing low detection limits (at 
ppb level) and using low threshold values, 
lead to delineation of regional gold 
anomalous areas. The authors state that 
(p. 518), ‘gold concentration of more 
than 10 ppb level is considered to be an 
anomaly in China, Canada and Australia’. 
In Axi deposit, China (Xueqiu et al}), 
a regional anomalous area of approxi¬ 
mately 80 km^ was delineated by a 
2.5 ppb contour line. The detailed survey 
that followed in the area delineated by 
10 ppb contour line led to discovery 
of gold-bearing veins but no mineable 
ore deposit was found. However, low- 
concentration anomalies at 5 ppb level 
caused by ultrafine gold were investigated 
in another part of the same region and 
this led to the discovery of a large gold 
deposit. 

Based on the preliminary mineralogical 
and geochemical studies, it is premature 
to say that this belt (do they mean the 


entire belt covering an area of 900 km^) 
may be transformed into an open cast 
mining goldfield within a short time (con¬ 
cluding sentence on p. 518), when no 
detailed exploration has been carried out 
to assess the ore grade and the reserves 
available, also studies on the treatment 
or technique required for this type of ore 
to obtain maximum (+90%) metal re¬ 
covery besides cost of roasting and grind¬ 
ing this type of fine gold ore are to be 
made. They declare 0.6 gpt gold ore will 
cover the total cost of open cast mining 
and extraction and zones of 1.5 gpt would 
be economically viable. This is like the 
proverbial - putting the cart before the 
horse. To mine a low-grade gold ore 
deposit, the mineable reserves (estimates 
based on detailed exploration) have to 
be large and amenable for large-scale 
mining operations and ensuring a high 
metal recovei^ (+ 90%) to keep the 
operative costs low for achieving 
economic viability. 

1. Xueqiu Wang, Xuejing Xie and Shengyong 
Ye, /. Geachem. Explor., 1995, 55, 93-101. 

2. Gasparrini Claudia, Gold and Other 
Precious Metals (From Ore to Market), 
Springer-Verlag, 1993, pp. 336. 


K. R. Raghu Nandan 

‘VenkatadrV, 

787, 7th Cross, 

M, C. Layout, Vijayanagar, 

Bangalore 560040,^ India 

Response: 

We thank K. R. Raghu Nandan for his 
interest in our study which aims to geo- 
chemically determine the possibility of 
finding workable gold deposits in the 
Sandur schist belt (SSB) of Karnataka. 
The following is our response to his 
comments. 

1. Evidently the term refractory has been 
used in its broad sense wherein gold is 
not easily amenable to cyanidation. It is 
indeed well known, since long^ that at 
the microscale level gold is present in 
different forms and presence of such sub- 
micron size gold is confirmed in our 
work by microprobe analysis (see p. 515). 


Invisible gold occurs either as submicro- 
scopic inclusions within the host minerals, 
as solid solution or chemically bound 
gold, thus rendering gold refractory to 
conventional cyanidation. 

2. One of the objects of the study is to 
quantitatively analyse some zones to 
ascertain, if their gold content can qualify 
for more detailed exploration, charac¬ 
terization and genetic studies. Such 
detailed follow ups are already in pro¬ 
gress. If favourable depth parameter is 
established, possibly a few zones may 
turn out economically mineable. Thus a 
small beginning made at some suitable 
places may hopefully lead to an expanded 
activity. 

3. As quoted by Raghu Nandan^, when 
even 2.5 to 5 ppb levels have been care¬ 
fully explored in other countries and 
sometimes with great success, then, it is 
a straightforward corollary that 10 ppb 
level would naturally imply an anomaly 
and deserves a closer follow up to check 
its economic feasibility. In this connec¬ 
tion, it is relevant to note that Raghu 
Nandan^ himself has observed that ‘we 
have never adopted such an approach in 
our country’. 

4. Our purpose in this study has been 
to apply a concept-based geochemical 
method for assessing potential of some 
new prospects/deposits, identification of 
which has eluded the nation for quite 
some time^. For this, the modem plate 
tectonic framework has been invoked to 
delineate and understand favourable con¬ 
ditions. This strategy has indeed allowed 
the recognition of certain broad zones of 
Au enrichment. However, as is the usual 
practice, these delineated regions require 
further scrutiny and much finer evaluation 
to narrow down the targets and estimate 
the feasibility. 

5. We emphasize that, nowhere do we 
claim that entire SSB could be trans¬ 
formed to open cast mining. We re-stress 
that the quantitative investigations carried 
out so far have merely focused on the 
scientific and economic significance of 
SSB in light of the gold enrichment that 
took place in this belt due to plausible 
plate tectonic processes during late 
Archaean. The delineation of the potential 
zones, as reported here, clearly corrobo¬ 
rated the validity of this approach and, 
consequently, it encourages one to adopt 
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similar strategy for quantitatively assess¬ 
ing other parts of the SSB and other 
similar schist belts of Indian Cratonic 
regions, 

6 . The criteria of 0,6 GPT and 1.5 GPT 
are the general rules of thumb, quite 
commonly applied for the evaluation of 
an industrial prospect. It is perhaps not 
impertinent to note in this context, that 
in this era of virtual reality the cart and 
horse rule is somewhat out dated. Current 
operational cost of open cast mining at 
Ajjanhalli (Chitradurga, Karnataka) is 
about Rs 50PMT, and the metallurgical 
operational cost is about Rs 250 PMT. 
Hence, we have stated that mining and 
extraction cost is covered by 0.6 GPT 
gold. The zone of 1.5 GPT becomes an 
economically viable region and can absorb 
depreciation, interest and exploration ex¬ 
penses. It irip.y be noted here that Telfer 
(Western Australia) economically treats 
1.1 GPT gold dump leach with 0.3 GPT 
tail losses and Mt Leyshon (QLD) treats 
1,4 GPT with 0.18 GPT tail losses (per¬ 
sonal communication to R. H. Sawkar 
by David S. Tyrwhitt of Australia). 

7, Since gold-containing sulphidic BIF’s 
at several places are, thick and long 


enough there is indeed a strong possibility 
of open cast mining even at low con¬ 
centrations. Further, abundant sulphidic 
BIF horizons are found in SSB and other 
belts of Dharwar Craton. Hence these 
horizons may have a large potential to 
eventually become sites of new mines 

8 . The findings reported were preliminary 
results of a two-year-old DST-sponsored 
project. The aim was to communicate the 
importance of the inferences drawn so 
far, which may encourage the researchers 
to more closely evaluate various suspect 
zones for viable gold deposits. 

9. Preparation of bankable document, 
based on the detailed exploration pro¬ 
gramme and long-term feasibility of low- 
cost mining requires a large sum of 
money. This may be taken up by inter¬ 
ested companies who may get prospecting 
leases. The message indeed to be con¬ 
veyed in the paper is to project the fact 
that the invisible refractory low-grade 
gold prospects require different mode of 
exploration programmes than that adopted 
for visible high-gold content prospects. 

10. The Government of India has liber¬ 
alized its mining laws to attract invest¬ 
ments and some mining companies believe 


that their odds of finding huge low-cost | 
deposits are higher in these relatively | 
unexplored terrains than in the picked I 
over terrains of ancient workings in India. ‘ 
James U. Blanchard"^, editor of Gold | 
News, says that new discoveries and rising 
prices could help some gold stocks double 
in the coming years. Unfortunately gold 
mining companies in India are not in the 
stock market because of our collective 
lethargy and the ‘do nothing’ attitude. 


1. Burg, G. H., MetalL U. Erz., 1930, 27, 
333-338. 

2. Raghu Nandan, K. R., J. GeoL Soc. India,,, 
1996, 48, 596-597. 

3. Radhakrishna, B. P., Mineral Resources of 
Karnataka, Geological Society of India, 
Bangalore, 1996, pp. 471. 

4. Blanchard, J. U., Gold News Cover 

- Despite Bre-X., companies are dig¬ 
ging new mines around the world. 


S. M. Naqvi 

National Geophysical Research Institute, 
Hyderabad 500 007, India 
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A shot in the leg to 

C. C. Kartha 

Atherosclerotic disease of blood vessels in 
the leg is a common cause for suffering in 
the elderly. The arteries usually get nar¬ 
rowed due to fatty deposits and fibrous 
plaques. Occlusion of limb arteries and 
consequent reduction in blood flow to the 
limb can lead to disabling clinical symp¬ 
toms such as pain at rest, ulcers in the skin 
and even suppuration of the toes. Smokers 
and patients with diabetes mellitus are 
more prone to severe affliction and in 
them, the disease tends to progress rapidly. 

Medical treatment is ineffective when 
blood through the arteries is critically 
reduced. Operative treatment to re-estab¬ 
lish blood flow consists of either opening 
up the artery and removing the offending 
atherosclerotic plaque (end arterectomy) or 
creating a bypass using venous or synthetic 
grafts. Currently, there are several other 
forms of treatment as well. The 
atherosclerotic plaque can be burnt off 
with laser or the obstructing lesion can be 
shaved off with a rotary cutting device. 
Narrowed arteries can also be dilated by 
introducing a balloon to the site of 
obstmction and suddenly inflating the 
balloon (balloon angioplasty). Arteries 
can be kept in the dilated state by inserting 
metallic or polymeric stents. These tech¬ 
niques are relatively safe and have accept¬ 
able success rates. However, in a signifi¬ 
cant number of patients, the arteries get 
occluded again. Moreover, the techniques 
are invasive and involve puncture of 
arteries at accessible sites and threading of 
catheters to the sites of lesion. 

A novel approach to treatment of 
locally reduced blood supply is to induce 
controlled growth of new blood vessels in 
the region of ischaemiah In recent years, 
considerable progress has been made in 
identifying and characterizing substances 
which regulate mechanisms of blood ves¬ 
sel formation (angiogenesis). In experi¬ 
mental animals as well as in patients, local 
application of angiogenic factors has been 
found to be promising to treat conditions 
with localized hypo vascularity. Attempts 
are now being made to introduce or 
transfer genes encoding angiogenic factors 
to the arterial wall. Direct gene transfer to 
the arterial wall involves invasive tech¬ 
niques which are difficult to be performed 
in patients with extensive and diffuse 
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vascular disease. Extensive calcification, 
which accompanies atherosclerosis also 
precludes gene transfer to smooth muscle 
cells in the arterial wall. 

Jeffrey Isner’s group at Tufts University 
School at Boston, has been in the forefront 
of angiogenic gene therapy for a number of 
years. They are engaged in identifying 
appropriate genes for targeting, developing 
suitable biological vectors for efficient 
gene transfer and also finding effective 
delivery techniques for gene therapy in 
peripheral vessel disease. 

Isner and colleagues (Tsurami et ai), in 
a recent issue of Circulation, report a 
simple gene transfer approach for inducing 
angiogenesis^ They have demonstrated 
blood vessel growth in experimental ani¬ 
mals, after injection of naked DNA encod¬ 
ing vascular endothelial growth factor 
(VEGF) into skeletal muscles in ischaemic 
limbs. 

There have been previous reports on 
the feasibility and efficacy of direct intra¬ 
muscular gene transfer of plasmid DNA 
with a variety of reporter genes^ The 
possibility of intramuscular gene transfer 
of naked DNA to achieve expression of 
angiogenic factors in the treatment of 
peripheral vascular disease is demonstrated 
for the first time. 

Naked plasmid DNA encoding the 165 
amino acid secreted form of human vascu¬ 
lar endothelial growth factor (hVEGF-165) 
was injected at multiple sites into three 
major thigh muscles of hind limbs of New 
Zealand white rabbits. The limbs were 
earlier made ischaemic by excising the 
femoral arteries in the thighs. Thirty days 
after injection, increased number of capil¬ 
laries, collateral blood vessel formation 
and improved blood flow and tissue 
perfusion could be demonstrated in the 
injected limb. VEGF mRNA was detected 
in the skeletal muscle from day 3 after 
transfection and evidence of gene expres¬ 
sion at protein level was seen at 5 days 
after transfection. 

Vascular endothelial growth factor was 
discovered by Senger and co-workers'* in 
the early 1980s. At that time, it was 
identified as a vascular permeability factor 
(VPF) which increases leakage of cells, 
fluids and proteins across the vessel wall. 
Later, this heat stable 46 kD dimeric 


protein was found to have the ability to 
stimulate the growth of endothelial cells 
and promote angiogenesis^. The biological 
activities of VEGF are mediated by two 
transmembrane receptor tyrosine kinases, 
which are expressed on vascular endothelial 
cells and angioblasts, their embryonic 
precursors. During embryonic develop¬ 
ment these receptors play an important role 
in the development of blood vessels^, 
VEGF was cloned and characterized eight 
years ago. 

Isner’s group had shown earlier that 
VEGF can stimulate the development of 
collateral arteries in animal models of both 
peripheral and myocardial ischaemia’l 
They also demonstrated recently, that 
angiogenesis can be induced in patients by 
transferring ph VEGF gene directly to 
proximal regions of occluded arteries^ 

The demonstration of viability of intra¬ 
muscular gene transfer of naked DNA to 
achieve local delivery of an angiogenic 
factor and the observation that transfection 
leads to angiogenesis and improved tissue 
perfusion are important for cardiovascular 
gene therapy in general. The technique 
may be employed for trans endocardial 
delivery of angiogenic factor in patients 
with coronary artery disease. 

A disadvantage in using naked plasmid 
DNA is the low efficiency of gene transfer 
which results in low levels of gene 
expression. However, acute or chronic 
hypoxia associated with ischaemia has 
been shown to be a strong stimulus for 
upregulation of VEGF receptor gene ex¬ 
pression and endothelial cells of ischaemic 
tissues are likely to be more responsive to 
VEGF**^. Hypoxic skeletal muscle in com¬ 
parison with normal muscle, has been 
shown to have increased uptake and 
expression of exogenous plasmid DNA*'. 
Hence, Tsunami et a/.’s results are encour¬ 
aging. 

M. W. Majesky cautions that VEGF 
may cause leakage of vasoconstrictors and 
coagulation factors from vessels, resulting 
in constriction of arteries and clot forma¬ 
tion, further reducing blood flow through 
ischaemic vascular bed*^. He also draws 
attention to the potential for elevated 
levels of VEGF in blood to initiate latent 
tumour growth or exacerbate diabetic 
retinopathy. 
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Be that as it may, the results reported 
from the laboratory of Isner are indeed 
exciting because of the wide spectrum of 
potential clinical application. The impor¬ 
tant question is whether the increase in 
perfusion achieved by angiogenesis in¬ 
duced by intramuscular transfer of VEGF 
will last long. 

Early this year, yet another advance was 
reported, strategically significant for thera¬ 
peutic angiogenesis^^. From human blood, 
using magnetic beads coated with antibody 
to CD34, mononuclear blood cells which 
differentiated and proliferated under tissue 
culture conditions have been harvested. 
These cells stained positively for markers 
such as Factor VIII, endothelial constitu¬ 
tive nitric oxide synthase and E-Selectin, 
Thus, they have been identified as 
endothelial cell progenitors or angioblasts. 
In animal models with hind limb ischaemia, 
when these cells were administered into 
the tail vein, the cells integrated into 
capillary vessel walls. New blood vessels 
were observed on histological examination 
of ischaemic limb, 1-6 weeks later. 


These findings imply that angioblasts 
isolated from the blood of patients, them¬ 
selves may be used to promote vascular 
growth and also as vectors to deliver 
angiogenic factors. 
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Birth and growth of early continental crust 


A. V Sankaran 

The present configuration of Earth’s conti¬ 
nents is the result of plate tectonic and 
mantle activities operating over past 4.5 
billion years. While we have authentic 
records for the past 4 billion years, no 
readily observable crustal growth details in 
the form of vestigial bits of land or any 
indirect evidences for earlier continental 
segments for the first half-billion years are 
available for geochemists to reconstruct 
this chapter of Earth’s history. The latter, 
therefore, had remained somewhat enig¬ 
matic till discoveries of 4.2 b.y. detrital 
zircon grains in Australia a few years back, 
which confirmed the existence of an earlier 
granitic crust^’^. Quite understandably there¬ 
fore, many of the earlier ideas about 
continental growth in this span of Earth’s 
evolution were speculative. Finds of such 
relict minerals or other geologic remnants 
indicating existence of early crusts were 
rare, or, even if found, conclusions derived 
from some of them were found to be rather 
unreliable owing to imprints of later 
geologic events they carried which were 


masking the pristine history. It is obvious 
from such a scenario that most of the crust 
that formed between 4.5 and 3.9 billion 
years ago, must have perished soon; 
whether they were engulfed or resorbed by 
the mantle, or whether they piled up into 
thicker and denser masses only to sink 
soon back into the mantle in an unceasing 
cyclic process of creation and destruction, 
is difficult to say now^'^ 

The earliest well-preserved continental 
crusts, just a little less than 4.0 b.y., are the 
Acasta gneisses in Canada and slightly 
younger rocks in western Greenland, North 
America, Antarctica, China and western 
Australia^'^; in India, such ancient crusts 
dated between 3.5 and 3.8 b.y. or older 
have been reported from the Older Meta- 
morphic Group (OMG rocks) in the 
Singbhum batholith in Bihar, and the Grey 
gneiss in Rajasthan; and from Karnataka 
and Orissa, younger examples are re- 
ported*^'^. Today questions for which earth 
scientists are trying to seek answers are: 
how much continental crust formed early 


out of the mantle; whether the extent or 
spread of the continents continued to be 
the same ever since they fractionated early 
or did they grow gradually with fresh 
increments of crustal slices 

Two contemporary models on this sub¬ 
ject of cmstal growth are current today, but 
they present diametrically opposite view 
points. One of them considers that the total 
volume of continental crust had increased 
steadily with progress of geologic time. This 
view draws support from (a) the global 
spread of continental crust and their eroded 
equivalents which are found to vary through 
different ages; (b) the observed changes in 
the chemical composition of mantle extract 
forming the upper crust which varies from 
sodium-rich cmst of the Archaean times 
(tonalite-trondjemite-granodiorite or TTG) 
to potassium-rich crust of younger periods^. 
This model, however, is considered inad¬ 
equate, by some, inasmuch as the early 
Archaean melt is not basaltic, as one would 
expect, but of TTG composition^-^’’’^. 
According to the second model, the 
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volumes and bulk composition of conti¬ 
nental crust had essentially remained the 
same (steady-state system) over most of 
Earth’s history with new crustal growth 
balancing the recycled eroded materials of 
earlier formed crust which were dragged 
back into the mantle^^’^'^. This impasse 
about the early continental growth is 
presently beginning to clarify thanks to 
advances in geochemistry during the past 
few decades, in particular, to the develop¬ 
ments in nuclear and isotopic geochemistry. 
With increasing availability of newer and 
improved analytical techniques to pre¬ 
cisely evaluate these fresh geochemical 
models, Earth’s initial half-billion year 
history may finally unfold and scientists 
may soon be able to rewrite its early 
enigmatic chapters. 

A. W. Hoffmann of the Max Planck- 
Institut fiir Chemie in Mainz, Germany, 
suggests that calculations of ‘residence 
age’, which is the ‘average length of time 
the ‘source rocks of the sediments have 
resided in the continental crust (as op¬ 
posed to Earth’s mantle)’, may be a good 
index for understanding this phase of 
crustal evolution^®. The ‘residence age’ is 
obtained using an isotopic method based 
on the behaviour of the rare earths 
samarium and neodymium in the mantle. 
During differentiation of mantle, neodym¬ 
ium prefers to enter into the crustal 
fraction depleting itself in the mantle 
reservoir^. With passage of time, this leads 
to a relative enhancement of samarium and 
the Sm/Nd ratio in the mantle. Also, the 
radioactive decay of the samarium isotope 
(^'‘‘^Sm) yields a daughter product ^"^^Nd 
(half-life 106 x 10^ years) and the ratio of 
radiogenic to non-radiogenic neodymium 
(’'*^Nd/^'‘^Nd) in the mantle becomes higher 
progressively, while in the crustal 
sediments, it gets lower. As against resi¬ 
dence ages of 1.5 billion years for the 
present day sediments, those deposited 
more than 3 billion years ago show ages 
not much greater than their deposition age. 
According to Hofmann, this implies that 
‘at the time, all of the continental material 
in existence was quite young and that 
much older continents simply did not 
exist’, or alternatively, early crust ‘has 
been in a steady state’ and whatever slice 
formed had a short life cycle as their 
creation and subsequent destruction were 
rapid. 

Some geochemists have used directly 
the ^'^^Nd/^‘‘^Nd ratios observed in a few 
mantle-derived volcanic rocks to interpret 


the degree to which crustal fractionation of 
the mantle has been accomplished. This 
ratio is higher in a differentiated and lower 
in an undifferentiated mantle. Surprisingly, 
several of the Archaean volcanic rocks 
examined by them indeed showed higher 
ratios, suggesting that the mantle reservoir 
had already differentiated sufficiently, when 
these rocks erupted. The logical inference 
about such a state of the mantle is that the 
continental crust must have formed in bulk 
quite early. But, Hofmann^° feels that all 
these isotopic studies leave certain aspects 
unanswered. The calculation of residence 
ages, for example, does not precisely 
answer ‘whether the mass of the continen¬ 
tal crust has irreversibly grown or whether 
it has maintained an approximately con¬ 
stant mass in a steady-state process of 
creation and destruction’. Similarly, infer¬ 
ences from direct ^'^^Nd/^'^^Nd ratios in 
mantle-derived volcanic rocks about the 
state of the mantle reservoir can also be 
faulted on the grounds, that ‘the same 
increase in ^‘‘^Nd/'‘^Nd ratios can be 
produced by high Sm/Nd ratio over a short 
time span or by a much lower Sm/Nd ratio 
over a much longer time’; also the much 
needed initial ratio values for this isotopic 
pair has to be derived by back calculations 
from present day figures, which, according 
to Hofmann, is rather an illogical 
approach. 

Recently, a trace element method based 
on the elements niobium and uranium has 
been advanced by Paul J. Sylvester and 
colleagues at the Australian National Uni¬ 
versity in Canberra, which claims greater 
reliability in tracing the growth of conti¬ 
nental crust in Earth’s early hi story 
Niobium and uranium are known to be 
incompatible elements in the mantle 
fractionating to crust and, among the two, 
uranium is fractionated more. Over 
geological time spans, when increasing 
volumes of crustal segments separate from 
the mantle, considerable depletion of ura¬ 
nium from the mantle is expected. As 
against Nb/U ratio of -10 for the conti¬ 
nental crust, the values for the primitive 
mantle is ~30 (based on chondritic meteor¬ 
ites which represent materials from which 
Earth was formed^'^-^'^), and for the present 
day mantle, this ratio is 47 (as observed in 
the mid-oceanic ridge basalts and ocean- 
island hot spot basalts which are mantle 
derived). Sylvester and colleagues, who 
measured Nb/U ratio in several samples of 
Australian basalts which had erupted direct 
from the mantle 2.7 b.y. ago, found it to be 


near 47, which is the ratio in the present 
day mantle. They argue that this is a clear 
proof that by 2.7 b.y., most of the uranium 
in the mantle has been lost to the 
continents, implying thereby, a rapid growth 
of continents early in the Earth’s history. 
Vast areas of crust formed in the first half¬ 
billion year period were rapidly recycled 
back into the mantle aided by the slow 
cooling of the mantle due to unabated 
heating from higher amounts of radioactiv¬ 
ity present during those early times. Such a 
state of the mantle also helped to keep the 
plate tectonic activity very efficient and 
subductions of the crust effective (more 
than 100 separate plates are visualized 
during the period 2.5-4.5 b.y.). According 
to Sylvester and his colleagues, fresh crust 
continuously being generated from the 
mantle had maintained balance of the total 
volume of continental rock constant, at 
least for 2.7 b.y. 

Geochemists feel that though Sylvester’s 
views about rapid continental growth is a 
breakthrough, their conclusions based on 
the Australian basalts, which represent 
only a small part of the global mantle 
reservoir, require support from data on 
similar basalts from other parts of the 
world also. Secondly, the Australian basalts 
are relatively young and erupted around 
2.7 b.y. ago, by which time considerable 
volume of continents must have grown^^’^. 
Similar conclusions had earlier been ad¬ 
vanced on >3.8 b.y. old rocks of Singbhum 
batholith in eastern India where the au¬ 
thors’ felt that the mantle in this region 
must have already differentiated suffi¬ 
ciently. These, no doubt, add strength to 
the view of a rapid crustal formation early 
in Earth’s history. 

Notwithstanding the dearth of reliable 
geologic records, geochemists are now 
better geared to be able to probe into the 
birth and growth of Earth’s first 500 
million years, hitherto a terra incognita 
and pull it of the domain of speculation. 
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Cow’s face in Krishna’s belly, style in the corolla tube 
and the Panglossian paradigm 


K. N, Ganeshaiah 

Historical and archaeological places with 
smart articulate tourist guides constitute 
an effective concoction for those of us 
craving to be intoxicated by the memories 
of the past glories of our civilizations. I 
derive additional pleasure in willingly 
succumbing to this addiction because of 
the interesting parallels that exist between 


history and evolutionaiy biology and the 
very transparent and illustrative metaphors 
these places offer to the complicated 
issues of natural selection. These meta¬ 
phors also help lay bare the traps the 
adaptationists are likely to enter while 
explaining the evolution of biological 
designs. One such example from the tem¬ 


ple at Somanathpur, Karnataka, has all 
the ingredients of such a trap and stands 
closely p 2 u:allel to the problems associated 
with the studies such as that reported by 
Belavadi and his group in this issued 

Cow’s face in Krishna’s belly 

In one of the three shrines of Somanathpur 
temple built by Vishnuvardhana, the 
Hoysala king during 13th century, there 
is a famous statue of Lord Vishnu, 
undoubtedly one of the most beautiful 
carvings I have ever seen (Figure 1 a). 
Introducing this statue, the tourist guides 
generally throw a challenge to the visitors 
to recognize Gomukha or the cow’s face 
in the body of the statue, j'^hen we give 
up he covers the statue above the neck 
and below the waist, and draws our 
attention to the chest and belly. We then 



Figure 1 b. Gomukha or the cow’s face 
visible on the chest and belly of the statue, 

begin to witness a perceptive magic as 
the cow’s face springs out from the chest 
and the belly (Figure 1 b); the nipples 
in the chest appear like eyes and the 
naval cavity as the mouth of the cow’s 
face. On a closer examination, a lot more 
becomes apparentthe ornamented horns, 
the nose string, etc. We are told that the 
sculptor ‘designed’ Gomukha because 
Lord Krishna, one of Vishnu’s reincar¬ 
nation, was a cow boy; thus a purpose 
is attributed to the design we perceive. 

But strangely, on exiting the shrine we 
begin to perceive a cow’s face on almost 
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every other male statue in the temple — 
with varying degrees of perfection, 
though^. We then tend to feel that the 
Gomukha in the Vishnu statue may not 
be a uniquely carved feature but merely 
represents one of the variants of the 
permitted proportions of the basic design 
of chest and belly of the male human 
body. That the tourist guides assign a 
meaning to it and a purpose to the sculptor 
could be purely a postmortem attribution. 

A strong suspicion starts haunting: could 
this Gomukha design have emerged purely 
due to the design constraints of the human 
body with the sculptor having no inten¬ 
tions whatsoever? 

The Darwinian explanation of the emer¬ 
gence of biological designs faces similar 
difficulties while attributing adaptive basis 
to their evolution. It is a challenging task 
to delineate the role of selection in shap¬ 
ing the designs from that of the design 
constraint per se spinning off an advan¬ 
tage. Gould and Lewontin^ cautioned 
adaptationists of such false attribution of 
spin-off functions to the process ot natural 
selection. They traced this attitude to the 
blind faith in natural selection that it is 
‘near omnipotent’ in shaping the organic 
design. This faith, perpetuated by Wallace 
and Weismann, views natural selection 
to be such a powerful force in shaping 
the organic form and behaviour that the 
constraints are thought to hardly hinder 
its sweeping actions. The faith in the 
power of natural selection is so ordained 
that it is not uncommon for us to come 
across statements such as ‘Natural selec¬ 
tion guides the trait. .. the way it guides 
everything else"^ in the literature on evo¬ 
lutionary biology. An important and a 
dangerous consequence ot this taith is 
that ‘llindamentar adaptationists are likely 
to perform an ‘inverse explanation’^ such 
as suggesting that the nipples and the 
naval cavity of Vishnu statue are carved 
so as to create the Gomukha eflect. Gould 
and Lewontin warned that ‘Any one 
who tried to argue that the structure 
exists because’ of the perceived purpose 
(Gomukha effect) ‘would be inviting the 
same ridicule that Voltaire heaped on 
Pangloss: “Things cannot be other than 
they are.... Everything is made for the 
best purpose. Our noses were made to 
carry spectacles, so we have specta¬ 
cles” . ...’ Today the term Panglossian 
paradigm has become synonym with this 
false attribution of the spin-off functions 
to natural selection. 


Style in the corolla tube 

The work by Belavadi and his group 
reported in this issue' constitutes an 
interesting example to demonstrate the 
important ingredients of the Panglossian 
paradigm. But at the same time the system 
appears amenable for, at least partly, dis¬ 
secting out the spin-off from the selection 
process. Belavadi and his group observed 
that the corolla tube of cardamom flower 
containing the nectar is longer than that 
of the proboscis of their major pollinators, 
the honey bees. Nevertheless honey bees 
were found capable of extracting the nec¬ 
tar from levels much deeper than their 
proboscis could reach. 

They attribute this to the evolution of 
the style of appropriate thickness within 
the corolla tube. They argue that given 
a constant diameter of the corolla, as the 
thickness of the style increases, the 
effective diameter of the cavity in the 
corolla tube decreases. This creates a 
capillary effect and the liquid rises purely 
by adhesive and cohesive forces. Further, 
bees also ‘suck’ the nectar with a sto- 
modeal pump in their pharynx, which 
might also cause the column of the nectar 
to rise in the corolla tube especially 
because the nectar is ‘sticky’. It is likely 
that the thickness of the proboscis also 
adds to create this capillary effect by 
reducing the effective diameter of the 
corolla tube - a possibility that Belavadi’s 
group does not consider. Thus the style 
and proboscis together render the nectar 
at much deeper levels available to the 
bees. Obviously, when the bee departs, 
the proboscis is taken out and the nectar 
level falls much lower than that the bee 
can apparently reach (Figure 2). 
Belavadi’s group views the capillary 
effect due to style as an adaptation by 
the plant. They suggest that the evolution 
of style in the corolla tube with the 
appropriate thickness is a consequence of 
selection to favour bees drawing nectar 
such that the pollinators’ visits to the 
flowers are sustained. This adaptationist 
view suffers from the regular traps of 
the Panglossian paradigm just as that of 
Gomukha in the Vishnu’s statue. 

Constraints of design or 
designed by natural selection? 

Both the archaeological and the cardamom 
designs could arise by any of the fol¬ 
lowing alternate processes: 


a. Emergent patterns from the basic 
design: The function of the style 5 
(cow’s face on statue) has not been 
shaped by natural selection (sculptor) 
but emerges purely as a spin-off of 

the basic design of the system. 

b. Tinkering the design: Natural selection 

(sculptor) has fine tuned the basic 
design such that the required function 
(shape) has been achieved. 1 

c. Breaking the constraints: Natural 
selection (sculptor) has mutated the 
basic design to arrive at the useful 
pattern. 

The cow’s face does not seem to have 
emerged by mutating the basic design. 

In a very preliminary analysis^ based on 
certain proportional features of the body, 
it has been shown that the chest and the 
belly of the Vishnu statue do not differ 
significantly from those of other male 
statues in the temple. The first alternative 
is also unlikely because most observers 
perceive the Gomukha distinctly on the 
Vishnu statue than on others and the 
probability that such a rare variant would 
occur purely by chance on the idol where 
it does convey a meaning is dismally 
low to believe that it is a rare coincidence. 
Therefore the design appears to have 
emerged due to an intended tinkering of 
the basic design by the opportunistic 
sculptor. 

Unfortunately it is not always possible 
to demonstrate that the selection has 
indeed operated on biological designs 



Figure 2. The nectar level in the corolla 
tube of cardamom (a). When the style is 
introduced, the nectar level rises not 
purely due to the physical displacement 
but also due to the adhesive and cohesive 
forces (b). When the proboscis is intro¬ 
duced, again for similar reasons, the nectar 
might raise to a new level from where 
the bee sucks through a pumping process 
(c). However when the proboscis is taken 
out, the nectar falls to level much below 
that of proboscis (d). 
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Figure 3. The physical constraints for 
the evolution of style and corolla diameters. 
Owing to the floral designs of the angio- 
sperms, the style thickness shall always 
be less than that of the corolla, such that 
the upper left portion of the space (above 
the solid line) Is physically constrained. 
Wider corollas are likely to be longer with 
long styles. In order to bear their own 
weight, the long styles have to be thicker 
as well such that the lower portion of the 
space below the curve is also physically 
constrained. The angiosperms have to 
occupy the space in between the diagonal 
and the curve. The functional advantage 
of the style as envisaged in the cardamom 
arises only In the shaded area because 
in this space the effective diameter of 
corolla Is small enough to raise the liquid 
by adhesive forces. But any given plant 
species might occupy this space purely 
by chance or by their historical constraints 
and not necessarily by the ‘design’ of 
natural selection. 

such as style and corolla in cardamom. 
The style constitutes the innermost whorl 
of the flowers and is contained within 
that of corolla in the angiosperms. Thus 
there is a basic design that limits the 
range of possibilities permitted for the 
relative diameters of the corolla and the 
style; the style has to be always less 
thicker than the corolla. All the angio¬ 
sperms can only occupy the morphospace 
where style is smaller than corolla and 
the rest of the space is physically con¬ 
strained (Figure 3). Further, styles and 
corollas that are too thin may not be 
able to support themselves and hence 
physical constraints limit certain other 


combinations of style and corolla dia¬ 
meters as well (below the curved line in 
Figure 3). 

Obviously, there is a limited range of 
possibilities of corolla and style thickness 
and some of these, as spin-off, might 
result in raising the level of nectar as 
seen in the cardamom. These combina¬ 
tions occupying the functional domain of 
the morphospace (shown as the shaded 
area in Figure 3) could occur purely 
without any selection operating and car¬ 
damom flowers could represent one such 
combination. When bees start using this 
design, the cardamom plant accrues 
advantage as a spin-off and not by design 
of natural selection. In other words, the 
observed diameters of present-day carda¬ 
mom might have arisen purely by chance 
and not by design. Note that this is 
different from the selection operating on 
the chance mutations. Darwinian evolu¬ 
tion emphasizes selection of the best 
among the chance variants but does not 
generally recognize the constraints per 
chance offering fitness without selection^\ 

Alternatively, it is also likely that the 
corolla and style of ancestors of carda¬ 
mom occupied a non-functional domain 
that does not offer any advantage to the 
plant and selection has shaped them to 
move to the functional domain to derive 
advantage. It is indeed difficult to resolve 
this issue unless the immediate ancestors 
of cardamom are available. It would in 
fact be interesting to plot a set of random 
species on this morphospace to examine 
if there is more density of plant species 
in the functional domain than in the 
non-functional domain. A higher density 
of plants in the functional domain might 
suggest the role of natural selection in 
shaping the diameters of the corolla and 
style. But in the specific case of carda¬ 
mom it may be difficult to delineate the 
two alternatives if the ancestors also fall 
in the functional domain. 

Precisely for these reasons, it would 
be relishing to relate the examples from 
historical and archaeological contexts. In 
fact Gould and Lewontin’s example of 


spandrels from San Marcos^ is more 
illustrative than biological examples could 
be. But I have found that our students 
have more difficulty relating the spandrels 
than Gomukha to the Panglossian para¬ 
digm probably because of a lack of 
exposure. 

While explaining the evolution of bio¬ 
logical design, the constraints, both physi¬ 
cal and phylogenetic are often recognized 
but ‘are usually dismissed as unimportant 
or else and more frustratingly, simply 
acknowledged and then not taken to heart 
and invoked’^- Thus it is difficult to 
visualize the extent to which our inter¬ 
pretations in evolutionary biology are in 
the Panglossian style. But it is important 
that we need to be wary of such inter¬ 
pretations and if we are not, we may not 
be any more objective than the tourist 
guides attributing functions to all of their 
personal perceptions. 


1. Belavadi, V. V., Venkateshalu and Vivek, 
H. R., Curr. Sci., 1997, 73, this issue. 

2. For example, readers are invited to examine 
the dancing Krishna’s statue printed in 
Sunday, 8-14 July 1997, p. 36. 

3. Gould, S. J. and Lewontin, R. C., Proc. 
R. Soc. London, 1979, B205, 581-598. 

4. Joshi, N. V., Curr. ScL, 1997, 72, 771. 

5. Veena, T., Avalanche Meetings /, 1991, 1, 
78 (unpublished), 

6. I should hasten to confess that Belavadi’s 
group does not propose that the placement 
of style in the corolla in itself is a naturally 
selected feature but that their relative sizes 
probably are. But what is not generally 
recognized by adaptationists is that even 
these features could also be a consequence 
of constraints operating on the design with 
the fitness advantage merely being a spin¬ 
off. 
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In “Vaccines for the 21st century: The big picture” (Ramalingaswami, V., Curr. Sci., 
1997, 73, 18-20) read ‘Something to munchV instead of ‘something to marchV on 
page 20, last sentence under “Plant-based human vaccines”. 
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Variations in the fluorescence spectra of chlortetracycline 
in different spectrofluorometers 


Chlortetracycline (CTC) is one of the 
tetracycline antibiotics that has been used 
widely to detect fluxes of calcium con¬ 
centration at its intracellular storesIt 
has emission bands at 420 nm and 520 nm 
(ref. 5). The latter band is broader, sen¬ 
sitive to divalent cations and to polarity 
of the media^*"^. We observed that there 
was a marked variation in the spectral 
pattern of the 520 nm emission band of 
CTC in different spectrofluorometers. 
There were two peaks observed for the 
520 nm emission in one spectrofluorome- 
ter (instrument I) but a single peak was 
seen in the second (instrument The 
latter pattern was reported in all earlier 
papers^’^’^. Both the instruments are now 
widely used. All the results given here 
were done in instrument I. We show here 
that the broad nature of the 520 nm emis¬ 
sion band of chlortetracycline and vari¬ 
ations in the transmittance of the emission 
monochromator to vertically and horizon¬ 
tally polarized light resulted in differences 
in the emission spectra of CTC in different 
spectrofluorometers. 

It was observed that polarization of 
light changed the pattern of spectra in 
instrument I. The sample was excited 
with horizontally or vertically polarized 
light. The corresponding emission spectra 
were recorded through the emission 
polarizer oriented vertically and then hori¬ 
zontally (Figure 1 a). Whenever the emit¬ 
ted light was horizontally polarized, there 
were two peaks. But only a single peak 
appeared when emitted light was vertically 
polarized. The position of the excitation 
polarizer did not influence the pattern of 
the emission spectra. Also, the single 
peak was at a wavelength which was in 
between that of the double peaks. The 
unpolarized emission spectra in instrument 
I and in instrument II resembled the one 
seen when the emitted light was horizon¬ 
tally and vertically polarized, respectively. 
But these changes in spectral pattern were 
not observed with fluorescein (Figure 1 b), 
which has an emission band overlapping 
the 520 nm band of CTC. 

This was further examined by exciting 
the sample at 0 position (light falls 
directly on the sample from the xenon 
lamp without being diffracted by the 


excitation monochromator). In the absence 
of dye, the spectra of scattered light were 
recorded by scanning with emission 
monochromator (Figure 2 a and b ). When 
the polarizers were oriented at HV posi¬ 
tion, one band was seen. But two bands 
were seen when the polarizing filters 
were in the HH position. When CTC was 
added to the sample, its fluorescence was 
superimposed on the spectra of the scat¬ 
tered light but the pattern remained the 
same having a single peak or double 
peak (Figure 2 a). The pattern did not 
change even at very high intensities of 
CTC fluorescence as seen in methanol 
with 1 mM calcium (data not shown). It 
could be inferred from Figures 1 and 2 a 
that the transmittance of emission mono¬ 
chromator to vertically or horizontally 
polarized light changed the pattern of 
spectra. 

When experiments in Figure 2 a were 
repeated with fluorescein and with 
polarizers at HH position (Figure 2 b), it 
was observed that at lower concentrations 
of the dye, the two peaks were seen. But 
there was a gradual change to single peak 
at higher concentrations of the dye. The 
latter observation was in contrast to that 
seen with CTC in Figure 2 a. To under¬ 
stand the contrasting patterns of spectra 


seen at higher intensities of fluorescence 
of the dyes in HH position of filters, the 
normalized emission spectra of the dyes 
at higher concentrations and the spectra 
of scattered light were compared (Figure 
2 c). All samples were excited at 0 
position and filters were oriented at HH. 
The double peaks of CTC emission com¬ 
pletely overlapped the double ‘band’ seen 
with scattered light. Fluorescein band was 
narrower and only partially overlapped 
the double band of the spectra of scattered 
light. Therefore, variation in the trans¬ 
mittance of the emission monochromator 
was felly carried on to emission band of 
CTC, but the fluorescein band was too 
narrow to reflect it. It could be inferred 
from Figure 2 c that the broad nature of 
the 520 nm emission band of CTC also 
contributed to the variations in the emis¬ 
sion spectra. 

The transmission efficiency of light by 
grating monochromators varies with 
wavelength of light, the type of grating 
(planar or concave), the polarization of 
light and the blaze angle^^l Monochro¬ 
mators have higher efficiency of trans¬ 
mission to horizontally polarized light at 
wavelengths longer than their maximum 
efficiency of transmissionThe wave¬ 
length of the maximum efficiency of 



Figure 1. Emission spectra of CTC and fluorescein at horizontal and vertical positions of 
polarizing filters recorded in instrument I. a, 10|xM CTC and 10 mM Ca^*" in 10 mM Hepes 
buffei pH 7.4; b, 250 nM fluorescein in 0.05 N NaOH. VV, VH, HH and HV are orientations 
of the excitation and emission polarizers, respectively. 
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Figure 2. Spectra of scattered light and nuorcscencc of CTC and fluorescein (F) excited at 0 position in instrument I, when light falls directly 
on the sample from the xenon lamp, without being diffracted by the excitation monochromator. Spectra were recorded in the abvSence (B) or 
presence (as labelled) of the dyes. Solutions of dyes and their concentrations were as in Figure 1, unless mentioned otherwise. HH and HV 
are orientations of the excitation and emission polarizers, respectively. In (a) and (b) the fluorescence spectra of the dyes are compared with 
that of the blank (B). (c) is the normalized emission spectra of the three samples. 


transmission of monochromators can be 
varied by blazing. In instrument I, the 
emission monochromator is blazed at 
450 nm. Therefore, when the unpolarized 
520 nm band of CTC passes through the 
emission monochromator, the light com¬ 
ing out will be predominated by 
horizontally polarized light So the 
unpolarized spectra of CTC in instru¬ 
ment I will resemble the one seen at 
HH or VH orientation of polarizers 
(Figure 1 a), where double peaks are 
seen. 
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Generalized relationship among Indian ornithophilous plants and 
their flower visitors: What can we look for? 


Pollination by animal vectors has been a 
little studied area in India, A study of 
this aspect of pollination ecology of plants 
would aid in understanding an important 
facet of reproductive strategies of plants, 
especially in the tropics. Though a vast 
potential is available for studying the role 
of birds in pollination in India, except 
for a few studies^"’, the subject has 
received very little attention.’A review 
of Indian literature on omithophily indi¬ 
cates that nearly 60 species of birds are 
reported to be visiting the flowers of 93 
plant species. Further, over 80 per cent 
of these plant species are frequented by 
more than one bird species and an equal 
percentage of bird species frequent more 
than one plant species^. While a majority 
of the ornithophilous plant species attract 
only a few bird pollinators, certain other 
species attract up to 50 different bird 
species for nectar. In addition, most of 
the ornithophilous plants are also visited 
by insects and bats. This suggests that a 
generalized relationship exists among 
ornitliophilous plants and their flower visi¬ 
tors^ However, it appears that all visitors 
to the flowers of a plant species may 
not contribute equally to pollination. For 
instance, in a recent study, Santharam^ 
grouped the flower visitors to a clump 
of Helicteres isom Linn, into legitimate 
pollinators, thieves and robbers. By evalu¬ 
ating the role of each species, he has 
shown that among several animal visitors, 
only a few bird species contributed 
towards pollination of //. isora. 

Considering this scenario, we feel that 
there is a need for a deeper understanding 
of the nature and consequences of such 
a generalized relationship between flow¬ 
ering plants and their flower visitors^^’’^\ 
In the light of our review^ we assume 
that: (i) The generalized relationship could 
clearly be a strategy among plants to 
exploit opportunistically, a variety of 
potential pollinating agents; (ii) For such 
a strategy to operate, the generalized 
relationship should result in the develop¬ 
ment of certain associated patterns like 
nectar-reward patterns, floral trait patterns 
and variations in the pollinator contribu¬ 
tion to the benefit (e.g. seed set) derived 
by plants. 

Though a variety of animal taxa visit 


the flowers of ornithophilous plant spe¬ 
cies only a few of the visitors appear 
to aid in pollination^. Thus, it would be 
interesting to know: (i) Types of flower 
visitors (pollinators, thieves and robbers^) 
harvesting nectar in different plant spe¬ 
cies. (ii) Whether each plant species 
selectively attracts different animal spe¬ 
cies (insects and mammals) in addition 
to birds to effect pollination, (iii) Whether 
it is possible to categorize plants based 
on the nature and type of their flower 
visitors into different groups (Table 1), 
whereby a specific plant species could 
be classified, for example, into a pre¬ 
dominantly ornithophilous plant but vis¬ 
ited by insects and/or mammals or 
predominantly entomophilous plant, but 
visited by birds and/or bat, etc. (iv) The 
proportion of flowers that are lost due 
to the visitation of thieves and robbers 
(v) What is the specific role of thieves 
and robbers in the ecology of a plant? 
Do plants get any benefit from them? If 
not, do plants regulate the visitation of 
thieves and robbers and encourage legiti¬ 
mate pollinators at the same time, to 
maximize pollination efficiency? 

Plants gain benefits from visiting avian 
pollinators and offer nectar as a reward. 
Preliminary work of Bahadur and his 
associates'^ indicates that nectar compo¬ 
sition (sugars and amino acids) is useful 
in predicting the type of flower visitors. 
It is shown that ornithophilous flowers 
offer amino acid-poor but sugar-rich nec¬ 
tar, while entomophilous flower nectar 
is rich in amino acids^’^^’^^. Under a gen¬ 
eralized situation, the nectar type 
(sucrose-rich, hexose-rich, amino acid- 
rich, with or without other minor con¬ 
stituents^ ^"‘^) and presentation pattern of 
different plant species may vary depend¬ 
ing on the types of pollinating agents 
visiting the flowers of a specific plant 
species. Considering this, it would be 
interesting to examine: (i) The association 


between patterns of nectar rewards (nectar 
type and quantity) and the number of 
pollinators visiting the flowers of a par¬ 
ticular plant species; (ii) Whether the 
nectar reward pattern in a plant species 
can be used to predict the type and 
number of visiting pollinators; (iii) 
Whether the temporal variation in reward 
presentation patterns among different 
plant species is aimed at attracting 
specific pollinating agents; (iv) Possible 
effect of pollen reward in addition to 
nectar reward. 

Since nectar secreted by plants is con¬ 
cealed within the flower, a pollinator is 
unable to determine definitely the type 
of nectar (i.e. quality) offered by plants 
until it visits the flower. But several floral 
traits (flower size, shape, type, etc.) could 
well serve to indicate to potential polli¬ 
nators, the type of nectar reward offered 
by the flower. Among Indian ornitho¬ 
philous plants, considering the generalized 
relationship with flower visitors, it is not 
yet clear whether there is an association 
between floral traits and nectar reward 
among plant species and whether an 
understanding of specific floral cues can 
provide insight to the type of nectar 
reward offered by plants and thus the 
pollinator types. 

If the type of flower visitor frequenting 
the flower of a specific plant species can 
vary based on the nectar reward offered 
by that plant, the contribution to seed 
set by different pollinating agents should 
also vary. In other words, based on the 
composition of nectar, a specific type of 
pollinating agent may frequent the flowers 
of a particular plant species more often 
than others. As a consequence, its con¬ 
tribution to seed set should be greater 
than other agents. Though insects and 
bats frequent ornithophilous plants^ their 
relative contribution to seed set may vaiy 
in different plants. 

Thus, from the foregoing discussion, it 


Table 1. Possible patterns of flower visitor syndromes in plants 



Birds 

Insects 

Mammals 

Birds + insects 
+ mammals 

Birds 

+ 

+ 

+ 


Insects 


+ 

+ 

+ 

Mammals 
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Figure 1. Possible interaction of factors shaping the pollination system due to animal vectors 
in ornithophilous plants. 
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can be summarized that the pollination 
system (i.e. due to animal vectors) in 
plants could be chiefly governed by (i) 
type and quality of flower visitors and 
(ii) quality, quantity and presentation pat¬ 
terns of nectar (Figure 1). This relation¬ 
ship may possibly be reflected in floral 
traits of a specific plant species. Taking 
this scenario into account, it would be 
interesting, if studies could be centred 
on understanding the following aspects 
of Indian ornithophilous plants. 

1. To evaluate the nature and type of 
flower visitors to different omithophi- 
lous plants, 

2. (i) To analyse the components of 
nectar that favour visitation by birds 
and other pollinating agents; (ii) To 
study the relationships among tempo¬ 
ral patterns in nectar presentation, 
especially the volume of nectar 
secreted and pollinator visitation rates 
among predominantly ornithophilous 
plants. 


3. To identify floral syndromes in omi- 
thophily based on the types of visiting 
pollinating agents. 

4. To analyse the relative contribution 
of omithophily in otherwise general¬ 
ized ornithophilous plants to seed and 
fruit set and to compare this with 
contributions from other flower visi¬ 
tors. 

The method described by Santharam^ 
can be followed for obtaining details on 
different taxa visiting the flowers of dif¬ 
ferent plant species and also for evaluating 
the visitation pattern and elucidating the 
relative importance of the visitors to flow¬ 
ers. Specific analytical and field methods, 
as and when necessary, can be found in 
Kearns and Inouye'^ and Davidar^. 
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Use of species-specific repetitive DNA probes in understanding the 
phylogenetic lineages of wild species belonging to Brassica-coenospecies 


Brassica-coenospecies comprises a group 
of related taxa capable of artificial fer¬ 
tilization with Brassica crop species^ 
Extensive studies have been carried out 
to analyse the species relationships of 
crop brassicas and their wild relatives. 
Morphology^’^, cytology, extent of hybrid 
fertility^’"^’^ and RFLP analyses of nuclear, 
chloroplast and mitochondrial 
have been used in these studies. On the 
basis of the RFLP analyses of nuclear 
and organelle DNA, some researchers 
have proposed two lineages in Brassica- 
coenospecies - rapa/oleracea lineage and 
Sinapis/nigra lineage^’’‘ ^ 

Repetitive DNA is present in all higher 
organisms and forms a fairly large pro¬ 
portion of the genomeIt is not sub¬ 
jected to natural selection and evolves 
more rapidly than conserved and single 
copy sequences. Repetitive DNA is, there¬ 
fore, ideal for analysing the species 
relationships and phylogenetic lineages. 
Some of these repeats have been 
reported to be species-specific. Two 
such repeats - pBNBH-35 (specific to B, 
nigra^"^) and pA2-78 (specific to B. cam- 
- have been used in the present 
investigation to discern lineages of three 
wild species of Brassica-coenospe¬ 
cies - abyss inicum, (Rich.) 

O. E. Schulz, E. gallicum (Willd) O. E. 
Schulz, and Diplotaxis siifolia G. Kunze. 

Total genomic DNA was isolated from 
young leaves using the method described 
by Dellaporta et al}^ and digested with 
Hindlll of Sau3A I or BamH I according 
to the manufacturer’s instructions. The 
digested DNAs were electrophoresed on 
1.5% agarose gels and were transferred 
on to nylon membranes (Hybond 
Amersham). The probes were labelled 
with dCTP using multiprime label¬ 
ling kit (Amersham) according to Fein- 
berg and Vogelstein*^. Southern blots of 
Hindlll and Sau3A I were hybridized with 
pA2-78, and the BaniHl blot was 
hybridized with pBNBH-35. Hybridiza¬ 
tion and washing were carried under high 
stringency conditions according to 
Lakshmikumaran et 
Tandem repeat of unit size 177 bp, 
characterized from B. campestris has been 
reported to be present in most of the 
crucifersPlowever under high strin¬ 
gency conditions, the probe hybridizes 
only when there is a high degree of 
homology (>90%). Previous studies^^^ 
showed that B, oleracea and a wild spe¬ 


cies, Diplotaxis erucoides, exhibited high 
degree of sequence homology (98 and 
96% respectively) with this repeat. These 
results are in agreement with the lineages 
based on RFLP by Song et al^. Also, 
this repeat does not hybridize to the DNA 
of B, nigra, B, tournefortii and Eruca 
sativa belonging to Sinapis/nigra lineage. 
The above studies suggest the association 
of this repeat to species belonging to 
rapa/oleracea lineage. In the present 
study, the probe hybridized with DNAs 
of E. gallicum and D. siifolia under high 
stringency conditions giving multimeric 
bands of 177 bp, whereas E. abyssinicum 
DNA did not hybridize even under low 
stringency conditions. Thus the present 
results suggest that E. gallicum and D. 
siifolia are closely related to the species 
belonging to rapa/oleracea lineage. 

A dispersed repetitive DNA (pBNBH- 
35) from B. nigra has been shown to be 
highly specific to B. nigra and does not 
hybridize to B. campestris or B. oleracea 
DNA. This repeat has been shown to 
hybridize with the digenomic Brassica 
species having B. nigra genome (BB) 
and a wild species Sinapis arvensis^^ 
belonging to Sinapis/nigra lineage. In the 
present study, under high stringency con¬ 
ditions of hybridization and washing, this 
probe hybridized only with E. abyssinicum 
DNA giving a specific band at 0.6 kb 
and not to that of D. siifolia and E. 
gallicum, suggesting that E. abyssinicum 
falls under Sinapis/nigra lineage. 

On the basis of chloroplast DNA analy¬ 
ses, Warwick and Black‘'^ and Pradhan et 
al}^ classified E. abyssinicum under 
rapa/oleracea lineage and D. siifolia 
under Sinapis/nigra lineage. The present 
study, however, assigns them vice 
versa. Our results as well as those of 
Warwick and Black^*^ assign E. gallicum 
to rapa/oleracea lineage. As reproductive 
isolation of the species belonging to 
Brassica-coenospecies is weak, the analy¬ 
ses based on chloroplast DNA are likely 
to be uniparentally biased because of 
exclusive maternal inheritance of plastids 
(see also Warwick and Black^). Repetitive 
nuclear DNA contributed by both the 
parents would be more useful in assessing 
phylogenetic lineages of the species 
belonging to Brassica-coenospecies. 
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Ixiolite and niobian ixiolite: A new occurrence from Metapal 
pegmatite, Bastar District, Madhya Pradesh, India 


We report here the occurrence of ixiolite 
associated with pegmatite within the peg- 
matitic belt of Metapal (lat. 18°52', long. 
8r33'). These are hosted by .granites and 
basic intrusives like metagabbro and 
amphibolites exposed in Madhya Pradesh 
and adjoining areas of Orissa. They are 
emplaced into rocks of Bengpal group, 
belonging to lower Proterozoic age. The 
rocks comprise andalusite-sericite-biotite 
schist, gneisses, sericite quartzite and 
banded iron formation^ 

The pegmatite occurring in Metapal 
area is zoned, and found to be trending 
N 55°W-S 55°E with quartz as a core 
and perthite occurring in the intermediate 
and wall zone. The nature of border zone 
remained obscure due to intensive weathe¬ 
ring of pegmatite. Quartz, feldspar, mus¬ 
covite, beryl and spessartite garnet are 
the minerals found in the wall zone (Fig¬ 


ure 1). Intermediate zone comprising of 
perthite composition is not continuously 
found all over the pegmatite. Massive 
quartz core is prominent in the south¬ 
western part. It is grey to smoky in colour. 
Rich mineralization of Nb-Ta minerals is 
confined at the margin of quartz core. Main 
Nb-Ta minerals found in the area are 
columbite-tantalite, ixiolite, euxenite, 
aeschynite, microlite, fersmite, occurring in 
association with cassiterite, beryl, monazite, 
zircon, ilmenite and magnetite. 

During the evaluation stage of the peg¬ 
matite for columbite-tantalite resources, 
samples of the heavy minerals were 
analysed to know the concentration of 
Nb-Ta and Sn by wavelength dispersive 
X-ray fluorescence technique (WDXRF). 
This study indicated the presence of Nb, 
Ta and Sn in the sample. Few such 
individual Nb-Ta-bearing crystal samples, 


which were found to contain higher 
amount of Sn, were also examined by 
X-ray powder diffraction technique. On 
study, the mineral was identified as 
ixiolite. Pure fraction of mineral sample 
was obtained by crushing it to 100 mesh 
and subjecting it to heavy liquid 
(methylene iodide, sp. gr. 3.31) separa¬ 
tion. Few mineral samples, which minera- 
logically characterized to be pure ixiolite, 
were sent for detailed chemical analysis. 
Comparison of the chemical analyses with 
published values (ref. 2, table no. 313, 
p. 466) and data from X-ray diffraction 
studies confirmed the presence of ixiolite. 
The d values and chemical results on the 
two pure ixiolite investigated are given 
in Tables 1-3. 

The X-ray powder diffraction studies 
were carried out on microprocessor- 
controlled Siemens D-500 diffraction sys- 



Figure 1. Geological map of Metapal pegmatite, Bastar District, Madhya Pradesh, India. 
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tern, using graphite crystal monochro- 
mated CuK alpha radiation with tube 
voltage selected at 35 kV and filament 
current maintained at 20 mA. Diffraction 
was carried out at a sample movement 


speed of one degree per minute and 
detector motion of two degree per minute 
in the angular range between 4° to 70° 
two theta. Recording of diffractogram was 
done on LA-100 digital recorder. The 


Table 1. d values of ixiolite, niobium ixiolite as compared with 
standard ixiolite given by Nickel et al. 

d 

d 


d 

( 1 ) 

( 2 ) 


(3) 

3.6492 

3.6545 


3.65 

2.9761 

2.9775 


2.98 

2.8628 

2.8708 


2.87 

2.5718 

2.5592 


2.51 

2.4999 

2.5027 


2.51 

2.3656 

2.3686 


2.37 

2.2579 



2.265 

2.2077 

2.2131 


2.213 

2.1005 

2.0953 


2.104 

- 

- 


2.017 

1.8214 

1.9139 


1.915 

- 

- 


1.826 

1.7688 

1.7709 


■ 1.772 

1.7403 

1.7386 


1.746 

1.7169 

1.5369 


1.722 

1.5469 

1.5369 


1.554 

- 

1.5224 


1.521 

1.4838 

1.4845 


1.490 

1.4547 

1.4558 


1.459 

1 and 2 are interplanar spacings for ixiolite 
respectively from Metapal, Bastar District, M.P. 

and niobian ixiolite 

3, Interplanar spacings of ixiolite (Nickel et al?, 
card no. 15-733). 

table 5, 

p. 969, PDF 


Table 2. Chemical composition of ixiolite and niobian ixiolite (all 
data in weight per cent) 


Sample no. 1 

Sample no. 2 

Sample no. 3 

NbPj 

11.7 

58.8 

10.5 

Tap, 

56.7 

14.0 

61.47 

TiO.^ 

5.3 

4.0 

0.38 

Sn 02 

7.4 

0.3 

12.27 

ZrOj 

1.0 

<0.034 

0.6 

SiO, 

< 0.2 

<0.05 

0.12 

WO 3 

0.9 

1.6 . 

0.3 

MnO 

6.7 

5.4 

5.4 

FeO 

5.4 

11.9 

8.08 

Fep, 

1.3 

2.0 

- 

Aip, 

<0.3 

0.2 

0.16 

CaO 

0.49 

0.5 

O.ll 

MgO 

< 0.01 

nd 


U 3 O, 

nd 

0.168 

- 

SCjOj 

- 

0.568 

- 


nd, not determined; Analysis by M. K. Ganguly, Chemical Laboratory, 
AMD, Hyderabad. 

1 and 2, Ixiohtes from Metapal pegmatite. 

3, Ixiolite from Skogbole, Finland (Nickel et al?. Table 6 , p. 970, 
PDF card no. 15-733). 

Analytical techniques used: NbjO,, Ta^O^, TiO^, SnO^, WO 3 , ZrOj by 
ICP-AES method; AI 2 O 3 , Fe 203 , MnO, CaO, MgO by AAS method; 
UjOj, by fkiorimetric method; FeO by titrimetric method; Si 02 by 
photometric method. 


interplanar spacings obtained from both 
the samples closely match with those of 
ixiolite^. On heating the sample in a 
muffle furnace at 1000°C and rediffrac¬ 
tion, ixiolite transformed to a phase show¬ 
ing interplanar spacings identical to 
wodginite"^"^, which confirmed the pres¬ 
ence of ixiolite. The mineral fraction 
possessing different physical properties 
and associated with ixiolite separated at 
0.45 A, on Frantz isodynamic separator 
was characterized to be microlite. 

The elemental analysis of the pure 
fraction of ixiolite was carried out using 
ICP-AES, AAS, spectrophotometry, 
fluorometry and gravimetric techniques. 
The chemical analyses of the two ixiolite 
samples are given in Table 2. Cemy and 
Ercit^ while describing the ixiolitic group 
have quoted Nickel et al? who stated 
that ixiolite is a complex oxide with 
chemical formula (Ta, Nb, Sn, Fe, Mn, 
Ti 20 ^,) and having an orthorhombic unit 
cell, corresponding to that of disordered 
columbite-tantalite structure. In contrast 
to the latter, heating promotes ordering 
into the wodginite structure rather than 
ordered columbite-tantalite structure^. The 
present-day ixiolite mineral family repre¬ 
sents a good number of compositional 
varieties, besides the type with Sn and 
Ta-rich compositions. Ixiolite with sub- 
stantial Sc^-", Fe^*, Ti'*'", besides Nb 
and Ta, have been described during last 
decades. 

Nine samples from Metapal pegmatites 
were analysed by WDXRF method for 
only Nb 205 , Ta^O^ and SnO^ contents 
(Table 3). These samples were also 
investigated by X-ray diffraction method 
and confirmed to be ixiolite (Table 1) 
which were subjected to chemical analysis 
(Table 2). Variations observed are Nb^O^, 
5.81 to 58.8%; Ta^O^, 14.0-63.9% and 
Sn02, 0.30 to 0.45% (Table 3). 

The ixiolite from Metapal has a com¬ 
position similar to the ixiolite from Skog¬ 
bole, Finland so far as Ta 205 and Sn02 
contents are concerned^. TheTiOj content 
in Metapal ixiolite is relatively high. The 
analyses of ixiolite indicates interesting 
chemical variations in Nb^O^, Ta 205 and 
Sn02 contents. The ixiolite rich in Nb 205 
has been found in the area besides tan- 
talian varieties. This suggests the presence 
of both niobian and tantalian varieties of 
ixiolites occurring in this pegmatite. The 
samples mineralogically found to be 
ixiolite get transformed to wodginite"^ 
on heating, but were chemically found 
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Table 3. Chemical analysis of ixiolite from Metapal, Bastar 
District, Madhya Pradesh 


Sample no. 


Analysis 



Ta^Os 

SnO, 

MTP/92-93/28 

6.63 

59.26 

9.39 

MTP/92-93/34 

5.92 

60.79 

10.45 

MTP/92-93/35 

5.81 

61.72 

10.25 

MTP/92-93/49 

5.8 

63.9 

7.9 

MTP/92-93/Nb-Ta/68 

14.3 

52.7 

8.1 

MTP/92-92/Nb-Ta/72 

16.00 

52.4 

DO 

bo 

MTP/92-93/Nb-Ta/73 

11.3 

58.4 

8.0 

MTP/92-93/Nb-Ta/75 

10.60 

60.3 

7.9 

OPS/MTP/93-94/7 

58.8 

14.00 

0.3 


Tantalum and Niobium (eds Moller, P., 
Cerny, P., Saupe, F.), Springer, Spl. Pub. 
No. 7 of the Society for Geology Applied 
to Mineral Deposits, 1989, pp. 28-79. 
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Malachite-bearing shear zone mineralization in the supracrustals of 
Sadure hills, Sindhudurg District, Maharashtra 


We report here the presence of an oxi¬ 
dized zone containing malachite (copper 
ore) in a Precambrian conglomerate of 
Saundal sequence exposed in the Sadure 
hills in the Sindhudurg district of 
Maharashtra. 

The Saundal sequence consists of 
polymict conglomerate, grit, quartz mica 
schist, calcareous phylite and green schist, 
and is intruded by a metabasic rock. 

The conglomerate consists of granules 
and pebbles of quartzite, vein quartz, 
basic rocks and granite set in a fine¬ 
grained matrix. Under the microscope, 
the matrix reveals the presence of quartz, 
calcite, biotite, sericite, chlorite and 


appreciable amounts of pyrite and other 
opaques. The conglomerate is conform¬ 
ably overlain by grit of similar compo¬ 
sition. 

An oxidized zone was noticed in the 
matrix of the conglomerate for a distance 
of nearly 50 metres on the Vaibhavwadi- 
Shirale section along southern face of the 
steep gorge of the Sukh river valley at 
an elevation of about 280 metres above 
MSL. Malachite is seen along the schis- 
tosity planes in the matrix of the con¬ 
glomerate and grit. The malachite is dull 
green in colour and earthy in appearance. 
Occasionally tiny cavities with euhedral 
bright green malachite crystals were 


noticed. In view of the extent of oxidized 
zone with malachite encrustation, this 
occurrence needs further detailed exami¬ 
nation for its economic significance. 
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Existence and reality in mathematics and 
natural science* 


N. Mukunda 

It must appear somewhat presumptuous of me to venture 
to speak on the topic mentioned in the title of this lecture. 
No less a figure than Albert Einstein had once said: 

‘Behind the tireless efforts of the investigator there 
lurks a stronger, more mysterious desire: it is existence 
and reality that one wishes to comprehend. But one 
shrinks from the use of such words, for one soon gets 
into difficulties when one has to explain what is really 
meant by “reality” and by “comprehend” in such a 
general statement.. 

Nevertheless, realizing full well that I am no profes¬ 
sional in these matters, and running the risk of often 
being naive, let me proceed. 

From ancient times to the present there have been 
many deep and learned discussions on this subject. Many 
shades of reality have been discerned. Both philosophers 
and scientists, particularly physicists, have contributed 
to the debate. It also happens that with each major 
phase of development in physics, new vistas and pers¬ 
pectives open up, which could not have been imagined 
previously. Our picture of reality changes constantly as 
we learn from nature. In recent times, to mention just 
a few names, thinkers like Reichenbach, Margenau and 
d’Espagnat, and in their general writings Schrodinger 
and Heisenberg, have expressed themselves on these 
matters. In my own limited attempt I will try to say 
something about physics, something about mathematics, 
and then of their links. Some points will be highlighted, 
and more questions raised than answered. 

We can trace the origins of mathematics to human 
and social needs and experiences in antiquity. Thus 
numbers and arithmetic most likely grew out of trade, 
barter and commerce; and geometry out of the need for 
land survey, especially after the annual floods of the 
Nile. To some degree at least - and this will be elaborated 
later-this capacity to create and use mathematical con¬ 
cepts can be traced to features of the brain developed 
during phylogenesis - the long period of evolution of 
our species - subject to the pressures of natural selection 
while interacting with nature. The origins of the reali¬ 
zation that mathematics is also useful in the description 
of natural phenomena is also very old-one thinks of 


N. Mukunda is in the Centre for Theoretical Studies and Department 
of Physics, Indian Institute of Science, Bangalore 560 012, India and 
Honorary Professor, Jawaharlal, Nehru Centre for Advanced Scientific 
Research, Jakkur, Bangalore 560 064, India. 

*Based on ‘Mahendra Lai Sircar Award in Physics for 1995’ lecture 
given at Indian Association for the Cultivation of Science, Calcutta 
on 4 April 1997. 


the integer relationships discovered by Pythagoras among 
harmonics and overtones in music. In the modern sense, 
the crucial role of mathematics in understanding nature 
was first clearly stated by Galileo^ in 1623: 

‘Philosophy is written in this very great book which 
always lies open before our eyes (I mean the universe), 
but one cannot understand it unless one first learns to 
understand the language and recognize the characters in 
which it is written. It is written in mathematical lan¬ 
guage .. . ; without these means it is humanly impossible 
to understand a word of it.. ..’ 

Around this time came Kepler’s three laws of planetary 
motion and Galileo’s laws for the motion of falling 
bodies. We must also remember that Galileo was the 
first one to measure time intervals of the order of a 
second reliably; and the person who first realized that 
in describing natural phenomena it is most fruitful to 
regard time as the basic independent variable, while 
other quantities varied with respect to time. This link 
between mathematics and natural phenomena has been 
expressed in various ways with increasing eloquence 
and persuasiveness over the centuries. From the present 
century I would like to present a few examples; first 
of course Einstein again: 

‘Our experience . . . justifies us in believing that nature 
is the realization of the simplest conceivable mathematical 
ideas.’ 

Actually this seems a bit over simplified! Then in 
his James Scott Prize Essay of 1939 Paul Dirac says 
that there is no logical reason why mathematics should 
be so useful in describing nature but offers this thought^: 

‘This must be ascribed to some mathematical quality^ 
in Nature, a quality which the casual observer of Nature 
would not suspect, but which nevertheless plays an 
important role in Nature’s scheme.’ 

In a famous 1959 lecture titled ‘The Unreasonable 
Effectiveness of Mathematics in the Natural Sciences’, 
Eugene Wigner says^: ‘. .. the enormous usefulness of 
mathematics in the natural sciences is something bor¬ 
dering on the mysterious and ... there is no rational 
explanation for it’. And later after commenting on the 
unbelievable accuracy with which certain predictions of 
theory have been verified he continues: ‘This shows that 
the mathematical language has more to commend it than 
being the only language which we can speak; it shows 
that it is, in a very real sense, the correct language.’ 

Lastly I turn to Richard Feynman from the next 
generation"^: ‘Every one of our laws is a purely mathe- 
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matical statement in rather complex and abstruse mathe¬ 
matics. ... It gets more and more abstruse and more 
and more difficult as we go on.... It is impossible to 
explain honestly the beauties of the laws of nature in 
a way that people can feel, without their having some 
deep understanding of mathematics.’ 

This passage emphasizes that as time passes, the kind 
of mathematics used in fundamental physics gets con¬ 
tinually more abstract and sophisticated. 

It is illuminating to recall the ways in which mathe¬ 
matics and physics have advanced in the past, sometimes 
hand in hand, sometimes out of step. As we all know, 
the differential calculus and ordinary differential equa¬ 
tions grew out of the needs of Newtonian mechanics, 
and also the problem of determining tangents to curves. 
Later general function theory and partial differential 
equations developed alongside continuum mechanics, 
heat conduction, wave phenomena and electromagnetism. 
But also during this period in the 19th century there 
were some basic advances internal to mathematics itself, 
whose uses in physics came much later. Here one thinks 
of the discovery of noneuclidean geometries, solving a 
long standing ‘crisis’ within mathematics; the whole 
idea of groups born out of the problem of solving higher 
order algebraic equations; and the theory of matrices 
and noncommutative algebra^. Noneuclidean geometry 
proved essential decades later in the relativistic theory 
of gravitation. Then in the hands initially of Felix Klein 
and Sophus Lie, and later of Hermann Weyl and Wigner, 
group theory became the perfect language for expressing 
symmetry in nature, especially symmetries of natural 
laws. This is so in both classical and quantum mechanics. 
Coming to matrices, we all know the role it played in 
various parts of classical physics, but more importantly 
its decisive importance in quantum mechanics. Here we 
should recall that when Heisenberg discovered matrix 
mechanics he did not know what matrices were, but 
essentially reinvented them and their law of multiplication 
guided by the Ritz Combination Law of Spectroscopy! 

During this century there have been instances of 
independent but parallel and practically simultaneous 
conceptual advances in physics and in mathematics, and 
I mention a few. The theory of Hilbert spaces and linear 
operators came in just around the time quantum me¬ 
chanics was developed, and this was used by von 
Neumann to put quantum mechanics into a definitive 
mathematical form already around 1932. Then the gauge 
idea of Weyl of 1918, through the theory of the Dirac 
monopole and onto abelian and nonabelian gauge theories 
in physics more or less paralleled the growth of the 
mathematical theory of principal fibre bundles and 
connections. In the case of the Dirac delta function, 
the physicist’s use of this concept was well ahead of the 
mathematical theory of distiibutions; and with the Feynman 
path integral too, physics seems ahead of mathematics. 


All this raises many deep questions. Because of these 
developments and advances ~ sometimes hand in hand, 
sometimes out of step, sometimes independent - we are 
led to ask: Is mathematics a part of nature in some 
sense, existing independently of us, or is it a human 
creation? Why is it so useful in describing nature? Is 
it merely a language for communication among human 
beings or is it much more than that? Is the human mind 
or brain predisposed to create and recognize mathematical 
ideas? In trying to cope with some of these questions 
we will soon see the importance and relevance of our 
understanding of biological evolution. 

But before getting into heavy stuff some light-hearted 
comments are appropriate. At a conference on theoretical 
physics in 1967, C. N. Yang recounted this story: Some 
one asked a mathematician the reason for the great 
advances in mathematics during this century, and the 
reply was-it has finally freed itself from physics! 
Similarly, Yang said, one day people will say the 
tremendous advances in theoretical physics are due to 
the fact that it has become free of experimental physics. 
It is remarkable that he had anticipated so well the 
trend of string theory so much in advance! 

Now back to our subject. First something about the 
nature of mathematics. From long times past, two 
opposing views have been held-the realist or Platonic 
view, and the constructivist view^ (For the sake of 
completeness one should also mention the formalist 
school of thought, but for the present purposes the two 
views mentioned will suffice.) In the Platonic view, 
there is a World of Ideas, of perfect forms, and things 
in the material world are only imperfect copies of them. 
Mathematics exists at this level of ideas, perfect 
embodiments of concepts; a world of ideal things which 
reason can reach and which somehow controls real 
objects. Ethical principles also belong-for Plato-to 
this world of ideas. From the constructivist point of 
view, in contrast, mathematics exists only in human 
minds; it has been created by us in response to experience 
and our needs. Obviously there is no clear cut resolution, 
and over the ages there have been distinguished mathe¬ 
maticians of both persuasions. Among the Platonists we 
count Descartes, even Newton and Leibnitz, Charles 
Hermite, Cantor and Godel and many others; and promi¬ 
nent among the constmctivists are Poincare and Brouwer. 
Gauss, the Prince of mathematicians, seems to have been 
a constructivist in relation to arithmetic, and an empirical 
scientist with respect to geometry. Indeed, soon after the 
discovery of noneuclidean geometries he declared: 

T am profoundly convinced that the theory of space 
occupies an entirely different position with regard to 
our knowledge a priori from that of arithmetic; that 
perfect conviction of the necessity and therefore the 
absolute truth which is characteristic of the latter is 
totally wanting in our knowledge of the former. We 


CURRENT SCIENCE, VOL. 73, NO. 3, 10 AUGUST 1997 


237 










GENERAL ARTICLES 


must confess, in all humility, that number is solely a 
product of our mind. Space, on the other hand, possesses 
also a reality outside our mind, the laws of which we 
cannot fully prescribe a priori.’ 

Many expressions of the Platonic point of view can 
be presented, and I give a couple. Charles Hermite, the 
teacher of Poincare, says: 

T believe that the numbers and functions of analysis 
are not the arbitrary product of our spirits. I believe 
that they exist outside of us with the same character 
of necessity as the objects of objective reality; and we 
find or discover them and study them as do the physicists, 
chemists and zoologists.’ 

From across the channel, in England, G. H. Hardy 
put it this way^: 

T believe that mathematical reality lies outside us, 
and that our function is to discover or observe it, and 
that the theorems which we prove, and which we describe 
grandiloquently as our ‘creations’, are simply our 
notes of our observations’ ... ‘317 is a prime num¬ 
ber, not because we think it is so, or because our 
minds are shaped in one way rather than another, but 
because it is so, because mathematical reality is built 
that way.’ 

And many other such declarations can be found. For 
the opposite view, I quote only Poincare: 

‘A reality completely independent of the spirit that 
conceives it, sees it or feels it, is an impossibility. A 
world so external as that, even if it existed, would be 
forever inaccessible to us,’ 

At this point I would like to draw attention to a 
recent and very stimulating book - Conversations on 
Mind, Matter and Mathematics - a dialogue between the 
French neurophysiologist Jean-Pierre Changeux and the 
French mathematician Alain Connes, dealing with just 
these issues^ Each one puts forward his position 
repeatedly and forcefully, and still after a few hundred 
pages of dialogue there is no reconciliation. The neuro¬ 
physiologist says that a small number of fundamental 
brain processes leads to all human languages and to 
mathematics. Mathematical concepts exist materially in 
the brain, and correspond to specific brain states. Facul¬ 
ties of logic and reasoning are directly linked to the 
organization of the brain, which has been so since Homo 
erectus 400,000 years ago. The ability to create new 
mathematical objects is a capacity of the brain; later it 
analyses them and proves theorems. Mathematical objects 
do not ‘exist somewhere in the universe’, independent 
of material cerebral support. The development of mathe¬ 
matics in stages shows a historical progression, it is a 
result and part of cultural progress. Even the axiomatic 
method is a brain faculty, and sensitivity to mathematics 
is a product of the brain. Finally, he declares'^: ‘I deny 
the existence of a mathematical reality prior to our 
experience of it. The coherence of mathematics seems 
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to me a posteriori, rather than a priori, the result quite 
simply of its noncontradiction-’ 

How does the mathematician respond? He says with 
equal passion that mathematical reality exists independent 
of the human brain, distinct from how we come to 
know of it and understand it. We form mental images 
of it as we progress, but it is always there, independent 
of us. Just as the reality of the material world is the 
result of coherence and commonality of our perceptions 
of it via the senses, the same holds for mathematics 
too. There exists, independent of us, a raw immutable 
mathematical reality, distinct from our tools to explore 
it; distinct also from what we know of it at any given 
time; distinct even from the mathematical regularities 
which we find in natural phenomena. Mathematical 
reality is outside space and time, outside physical reality; 
and our sensitivity to it is distinct from sight, touch 
and hearing. It is not located in the physical world. He 
sums this up in these words^^: ‘It is humility, finally, 
that forces me to admit that the mathematical world 
exists independently of the manner in which we appre¬ 
hend it, that it is not localized in space and time. The 
evolution of our perception of mathematical reality causes 
a new sense to develop, which gives us access to a 
reality that is neither visual, nor auditory, but something 
else altogether.’ 

You can see how strongly opposed the two points of 
view are, and why there is no meeting ground. At the 
end of the dialogue each remains unconvinced of the 
other’s position, and they agree to disagree. You can 
also appreciate the reason for the mathematician’s 
position, even if it is difficult to accept at first encounter. 
There is a psychological aspect here too - once Hermann 
Weyl admitted that believing in a pre-existing mathe¬ 
matical world helped and motivated him to pursue more 
substantial problems than otherwise! 

Time now for a brief detour into philosophy and 
biology, and then back to physics. Towards the end of 
the 18th century, the philosopher Immanuel Kant 
attempted an explanation of the great successes of 
Galilean-Newtonian physics along the following lines. 
He said that as experience of the outside world comes 
into our minds through the senses, there are certain 
innate ways in which we process this information, certain 
set patterns for the functioning of the brain. Thus we 
‘see’ nature only through certain ‘filters’, only according 
to certain pre-existing patterns, and these are called the 
synthetic a priori truths. Here ‘a priori’ means ‘in 
advance of experience’; and synthetic, as opposed to 
analytic, means that these truths have nontrivial content. 
Though the contrary could be imagined, it is one way 
and not the other. Thus ‘synthetic’ means: not a con¬ 
sequence of logic alone, not a product of pure reason. 
Among the synthetic a priori Kant included the Euclidean 
geometry of space, uniformly flowing time, the law of 
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causality, and in later versions even the law of mass 
conservation and Newton’s Third Law of Motion. For 
Kant, there was no way in which these principles could 
be ever violated, since they were a precondition of all 
interpretation of experience. Briefly, some of the empirical 
successes of Galilean-Newtonian physics were made into 
inevitable features of our understanding of nature. 

Soon after Kant’s time, though, things changed quite 
dramatically. First there was the discovery of non- 
euclidean geometry; and this is what led to Gauss’ 
statement quoted earlier that the theory of space is not 
knowledge a priori. Later developments in physics- 
special and general relativity, and quantum mecha¬ 
nics-seemed to undermine Kant’s position further. In 
particular, geometry of space and time became part of 
empirical science. 

During this century, on the basis of Darwinian 
evolution and the efforts of Konrad Lorenz and later 
Max Delbruck, there has been a reinterpretation and a 
better understanding of Kant’s ideas in ways which were 
not available to him in his time^^ The key point is that 
in their struggle for survival according to the principles 
of natural selection, different species have to learn to 
cope with natural phenomena taking place roughly at 
their own scales of length, mass and time. This is the 
‘world of middle dimensions’. These are the phenomena 
directly relevant in a biological evolutionary sense; and 
natural selection favours the development of those 
faculties which are able to pick out the most important 
physical features of this part of nature. And what is 
the result of long and slow learning through evolution 
for a species as a whole, lasting hundreds of thousands 
of years, seems to the individual member of the species 
as a priori, as knowledge, or better as capacity for 
knowledge, he is born with in advance of experience. 
The key sentence of Delbruck is: ‘What is a priori for 
the individual is a posteriori for his species.’ 

Naturally this new meaning given to Kantian ideas 
has a corollary-as we move away from the world of 
middle dimensions, into phenomena involving the very 
large or the very small or the very rapid, we must be 
prepared for departures from the intuitive notions which 
are our biological heritage. This is indeed what happens 
in physics away from the everyday world, and here 
mathematics is the main guide to replace ordinaiy intuition. 

Now how does mathematics fare in this situation? The 
idea is that it comes from the analytic a priori component 
of human knowledge. In his 1930 Konigsberg lecture titled 
‘Logic and the understanding of Nature’ the mathematician 
David Hilbert-who like Kant was a ‘son of 
Konigsberg’- tackled precisely this problem. He says^^: 

‘I admit that even for the construction of special 
theoretical subjects certain a priori insights are nece¬ 
ssary. ... I even believe that mathematical knowledge 
depends ultimately on some kind of such intuitive in- 
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sight.. .. Thus the most general basic thought of Kant’s 

theory of knowledge retains its importance_The a 

priori is nothing more or less than ... the expression 
for certain indispensable preliminary conditions of think¬ 
ing and experiencing. But the line between that which 
we possess a priori and that for which experience is 
necessary must be drawn differently by us than by 
Kant-Kant has greatly overestimated the role and the 
extent of the a priori’.... ‘We see now: Kant’s a priori 
theory contains anthropomorphic dross from which it 
must be freed. After we remove that, only that a priori 
will remain which also is the foundation of pure mathe¬ 
matical knowledge.’ 

Admittedly, the insights of Lorenz and Delbruck were 
unavailable to Hilbert. Nevertheless one can appreciate 
that while the synthetic a priori is related to our 
understanding of natural phenomena in the world of 
middle dimensions, the analytic a priori is the source 
of mathematical knowledge. Hilbert like Poincare was 
a constructivist. For him, mathematics was a human 
creation. Ways of logical thinking, of working out 
consequences of assumptions, arguments, the notion of 
consistency - all these are also the results of biological 
evolution, when faced with a world having mathematical 
qualities, and subject to laws governing its behaviour. 

However, behind this level of understanding stands 
another mystery. Why does the human brain have so 
many faculties, so much more capacity, than seems 
necessary for biological survival? We can surely under¬ 
stand the biological advantage of the ability to construct 
language for communication - but why should it go so 
far as to create drama and poetry where elementary 
communication may have been enough? And why this 
marvellous capacity to think of mathematical objects of 
great depth and structure, where rudimentary arithmetic 
and some little geometry may have sufficed? As Wigner 
says^: ‘.. . it is hard to believe that our reasoning power 
was brought, by Darwin’s process of natural selection, 
to the perfection which it seems to possess.’ 

I once asked a biologist this question and he said it 
was all an ‘emergent phenomenon’ - a brain suddenly 
evolved with all these capacities, which could not be 
understood in terms of its parts but only as a whole. 
But this is not a satisfying answer in the present context; 
it is like Churchill’s description of the erstwhile Soviet 
Union as a mystery wrapped in an enigma! In the same 
vein one can ask: granted that mathematics is of some 
use in the formulation of natural laws, why does it then 
turn out so fantastically accurate, so much more so than 
we could have reasonably expected? This was just the 
question behind Wigner’s essay recalled earlierL 

At the same time, though, another view of all this 
is possible. Could we understand a nature which was 
somehow only partly mathematical and not so all the 
way? Within fundamental physics we are familiar with 
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the argument that we cannot have classical physics valid 
over some domain and then quantum physics for the 
rest. We should have a unified and common pattern, or 
else its absence would become a problem calling for 
resolution! 

Now let us return to the relationship between mathe¬ 
matics and physics. I mentioned earlier that the level 
of sophistication and abstractness here keeps continually 
increasing. However one should also realize that for his 
time, the creation of the concept of acceleration by 
Galileo was a gigantic achievement. In contrast to the 
first derivative or rate of change, the second derivative 
is highly nonintuitive and far removed from immediate 
experience. As Wigner put it^ ‘... those of us who 
have tried to draw an osculating circle to a curve know 
that the second derivative is not a very immediate 
concept’. Here Wigner probably also implies that not 
many of us have tried to do this exercise! Be that as 
it may, in the early phase of classical physics the 
guiding principle can in retrospect be seen to be the 
simplicity of the mathematical concepts used in physics. 
But as further progress and elaboration occurred, there 
was a gradual transition and the quest for simplicity 
gave way to a quest for beauty. Dirac put it this way^: 
after relativity and even more so after quantum theory, 
‘.. . we now see that we have to change the principle 
of simplicity into a principle of mathematical beauty,^ 

This is of course subjective, but both Dirac and the 
mathematician Hardy, in their respective contexts, justify 
it in remarkably similar words^’^^; 

‘This is a quality which cannot be defined, any more 
than beauty in art can be defined, but which people 
who study mathematics usually have no difficulty in 
appreciating.’ 

Tt may be very hard to define mathematical beauty, 
but that is just as true of beauty of any kind - we may 
not know quite what we mean by a beautiful poem, 
but that does not prevent us from recognizing one when 
we read it.’ 

One must only add that with some modern poetry 
there may be difficulties. 

Parallel with this development, the notions of existence 
and reality in physics too have evolved and increased 
greatly in subtlety. During the 19th century, the success 
of Galilean-Newtonian physics led to a purely mechanical 
view of nature; and in Lord Kelvin’s words: ‘It seems 
to me that the test of “do we or do we not understand 
a particular point in physics?” is “Can we make a 
mechanical model of it?”’ 

As we all know, it took a lot of effort to accept 
electric and magnetic fields on their own terms, as 
primitive constituents of nature not reducible to matter. 
Even Maxwell on many occasions sought for explanations 
for them in terms of gears and wheels. Then with the 
coming of relativity and quantum mechanics, things 


became more abstract, and the constituents of the picture 
of nature became much more refined than before. The 
ideas of transformations and symmetry have gained 
enormous importance, so much so that Dirac once said^: 
‘.. . both relativity and quantum theory . .. show that 
transformations are of more fundamental importance than 
equations’. This is already true in classical physics, 
wherein both special and general relativity physically 
important quantities are often partly defined by the way 
they change under a given family of transformations. This 
becomes even more pronounced in quantum theory where 
physical quantities are defined by the transformations they 
generate and by their behaviours under them. 

So we are led to ask: at what level do the ideas of 
transformations and symmetry exist in nature? It is 
already difficult to answer questions like: even though 
they are admittedly approximate, are Newton’s equations 
and Maxwell’s equations parts of nature? Granted that 
this is a naive and overly simplistic question, but they 
are good approximations to the workings of nature in 
certain domains. Subject to this qualification, do they 
not ‘exist’ one step behind the specific phenomena that 
obey them? Now what of their symmetries and those 
of other laws? Do they stand two steps behind phe¬ 
nomena? Natural laws unify individual phenomena or 
occurrences in nature, each obeying the laws concerned. 
In turn, transformations and symmetries bring together 
different laws sharing the same symmetry, and so belong 
to an even deeper level of functioning of nature. 

After all that has happened since the 19th century, 
we should surely not tie ourselves down to a mechanical 
view of nature, or ultimately to a view based on sense 
impressions alone. It is true that our normal unaided 
senses are both quantitatively and qualitatively limited, 
and scientific instruments extend their range and accuracy 
enormously. Even so they can reach out only to space, 
time and their contents. Our intuitive ‘middle-world’ 
feeling is that ail that exists must be within space and 
time. But now we must be willing to go beyond this 
and face up to the question: are these subtle ideas and 
aspects, where mathematics is the main guide, also 
present in nature somehow? In the general framework 
of quantum mechanics, we use so many mathematical 
objects and operations - noncommuting quantities for 
physical variables, spinors, group representations, Grass- 
mann numbers, operators for electric and magnetic fields 
and so on. Is it not legitimate to ask: in what manner 
do they exist in nature? More pointedly: is there an 
aspect to nature not accessible to the ordinary senses 
but only to a mathematical sensitivity? Is there a level 
of functioning of which we cannot form any conventional 
mental picture except as governed by equations, trans¬ 
formations, symmetry and mathematical consistency? 

I honestly feel a retreat into a point of view ignoring 
all these ‘intangible’ elements of the mathematical 
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description of nature, hanging on only to the results of 
calculations and experimental predictions, is not available 
to us. That would be no way to judge the situation. 
Long ago in 1910-11, while Einstein was teaching a 
course on electromagnetic theory, he made this remark¬ 
able comment^"^: 

‘We set up a conceptual system the individual parts 
of which do not correspond directly to empirical facts. 
Only a certain totality of theoretical material corresponds 
again to a certain totality of experimental facts.’ 

In the same spirit, when we judge theories of physics, 
even though they are incomplete and evolving, we must 
judge them in their wholeness and taking account of 
their mathematical structures. Here I cannot avoid quoting 
from Heisenberg’s^^ recollection of his feelings on the 
night he discovered matrix mechanics in June 1925: 

T had the feeling that, through the surface of atomic 
phenomena, I was looking at a strangely beautiful interior, 
and felt almost giddy at the thought that I now had to 
probe this wealth of mathematical structure nature had 
so generously spread out before me.’ So the mathematical 
structure itself is a part of nature! 

Mathematics then is a language but a special one 
because it is the language of nature, it is also a method 
of reasoning, and the least ambiguous mode of com¬ 
munication we possess. Through phylogenetic evolution 
we have acquired the capacity to create mathematical 
objects. In this way we acquire a new sense independent 
of and in addition to the other ordinary ones, and so 
we reach aspects of nature beyond space and time. This 
should make us sympathize with the Platonic view of 
mathematics as well. On the other hand, as in other 
respects recounted above, we have got more than we 
could have anticipated. Once created by us, mathematical 
objects take on a life of their own. The consequences 
of initial ideas are not all evident at the beginning but 
are revealed only after much effort. There is more in 
them than was consciously put in. 

Strange as it may initially seem and hard as it may 
be to accept, we seem driven to this conclusion - because 
mathematics is essential to describe nature, we have to 
adopt a more open view of existence and reality going 
beyond space, time and the tangible. The problem of 
existence and reality is much subtler than our naive 
expectations may have been. Mathematics then, like 
nature, has also an intangible level of existence. This 
line of thinking seems to bring us close to the point 
of view expressed by Connes and recalled earlier. So, 
have we solved the problem of the existence of mathe¬ 
matics by saying that it is the language of natural 
science? No, not quite. There remains a gap, this con¬ 
nection between mathematics and its use in natural 
science goes only a certain distance and does not cover 
all aspects of the situation! Some differences remain 


since, as far as one can see, we can imagine mathematical 
objects and structures which may not have counterparts 
in nature. Thus as the mathematician Atle Selberg says^^: 

Tf one looks at mathematics as a body of knowledge, 
I think it definitely can be characterized as a science, 
but if one looks at the way in which it grows and 
accumulates, the actual doing of mathematics seems 
much more to be an art.’ 

And for the physicist’s expression of the difference, 
I conclude with C. N. Yang^*^: 

Tt would be wrong, however, to think that the dis¬ 
ciplines of mathematics and physics overlap very much; 
they do not. And they have their separate aims and 
tastes. They have distinctly different value judgements, 
and they have different traditions. At the fundamental 
conceptual level they amazingly share some concepts, 
but even there, the life force of each discipline runs 
along its own veins.’ 

So at the end we just have to say: it really seems 
like a case of ‘so near and yet so far apart!’. 
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Black hole event horizons and advection- 
dominated accretion 

Michael R, Garcia 

While the widely accepted theory of black holes has long predicted that they should be black 
because they are surrounded by an 'event horizon' (a one-way membrane from which nothing, 
not even light can escape), direct evidence for this event horizon has been very difficult to 
obtain, A felicitous union of new observations and new theory has now provided evidence that 
black holes are what their name implies: black holes in space. 


Observational evidence for the existence of black holes 
has accumulated very rapidly in the past few years 
This evidence has been in the form of discoveries of 
super-compact, massive objects, which have masses and 
densities too high to resist collapse under their own 
gravitational attraction. However, the proof that these 
objects are black holes is somewhat indirect: they are 
considered black holes because, by process of elimination, 
they can be nothing else. But now a team of researchers 
lead by Ramesh Narayan at the Harvard-Smithsonian 
Center for Astrophysics has found evidence that some 
of these objects are actually vacuuming up large quantities 
of mass and energy. This is the first evidence that black 
holes are actually what their name implies, ‘black holes’ 
in space‘s. 

The observational pait of this story starts with the 
discovery of Cyg X-1, a bright X-ray star in the con¬ 
stellation Cygnus. The evidence strongly suggests that 
Cyg X-1 contains a ~ 15 solar mass black hole^ However, 
the case is not airtight - there are marginally viable 
models of Cyg X-1 that do not require a black hole^’^' 
(but see ref 7). A different sort of black hole binary 
literally burst on the scene in 1975, with the discovery 
of a new X-ray source in the constellation Monocerosl 
The new source was given the designation A0620-00 
after its astronomical co-ordinates. Within a week this 
‘X-ray nova’ had grown to become the brightest object 
in the X-ray sky. X-ray satellites pin-pointed the position 
of the new source, allowing ground-based optical tele¬ 
scopes to identify a variable star as the source of the 
enormous X-ray outburst. Over the next several months 
the X-ray and optical outburst faded away to pre-outburst 
(quiescent) levels. 

At its peak, the X-ray output of A0620-00 was nearly 
10^ times greater than the total output of our sun at 
all wavelengths. This prodigious X-ray luminosity is a 
sure sign that matter is accreting onto a very compact 
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object. This X-ray nova was almost certainly a new 
member of the class of a few dozen previously known 
X-ray binaries, in which a compact, star pulls matter 
off a nearby companion star. As the mass accretes 
onto the compact object, it is heated (by internal fric¬ 
tion) to enormous temperatures, causing up to 10% of 
the mass in the accretion flow to be converted into 
X-rays. 

In 1986, Jeff McClintock and Ron Remillard found 
that the compact star in A0620-00 must weigh more 
than 3 solar masses^. This mass measurement is very 
secure, relying only on the measurement of the binary 
star systems orbital period and velocity, and application 
of Kepler’s laws of orbital mechanics. Straightforward 
theoretical arguments tell us that any compact star more 
massive than 3 solar masses must collapse to a bleick 
hole**^ Thus A0620-00 became the first member of a 
new class of X-ray binary known as Black-Hole X-ray 
Novae, or BHXN. 

For more than a decade, A0620-00 was not only the 
first member of the BHXN class-it was also the only 
member! That situation has changed dramatically in the 
last few years. Recently five more BHXN have been 
found, all containing collapsed objects more massive 
than 3 solar masses. This surge in the number of BHXN 
is due to the recent launching of several X-ray All Sky 
Monitors (ASMs), including the ones on Japan’s GINGA 
satellite and NASA’s Compton Gamma Ray Observatory. 
The ASMs are small X-ray telescopes that continuously 
scan the entire sky for X-ray sources. Once or twice 
per year the telescopes find a new, tremendously bright 
X-ray nova. At optical wavelengths, these nova also 
brighten substantially, but even at their brightest they 
are relatively innocuous stars - they would not draw 
attention to themselves unless the X-ray all sky monitors 
were there to discover them. Because the arguments are 
so straightforward, many astronomers feel that these six 
BHXN are the most secure black hole candidates known. 

The theoretical part of the story starts with a study 
of accretion that Ramesh Narayan and Insu Yi^* (now 
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at Princeton) first published in 1994. The standard model 
of accretion in astrophysical systems is the thin disk 
model^^. In this model, the accreted matter forms a 
geometrically thin disk as it spirals inwards. As the 
matter flows towards the central star, it releases gravi¬ 
tational energy, which is converted to heat and immedi¬ 
ately radiated away. The theory, of thin disks is well 
developed, and the observational evidence for these disks 
in many binary star systems is irrefutable. 

Narayan and Yi found that the thin disk is a special 
case of the general theoretical solution to the dynamical 
accretion equations. Another possible solution is one in 
which the gas does not immediately radiate away the 
gravitational energy released by accretion, but instead 
stores the energy as heat and ‘advects’ this energy 
towards the central star. In this case the in-falling matter 
forms a two-temperature plasma and the flow is nearly 
spherical. Most of the heat is carried by the protons, 
and a small amount leaks to the electrons. This small 
amount is radiated away, but most (99% or more) of 
the heat is carried directly to the central star. These 
flows have become known as Advection-Dominated 
Accretion Flows, or ADAFs. Narayan and Yi’s solution 
to the accretion equations implied that ADAFs would 
only form at relatively low accretion rates, and that at 
high rates accretion would take place via the traditional 
thin disk. A second group independently discovered 
the same ADAF solutions to the accretion equations at 
about the same time as Narayan and Yi. An important 
fundamental difference between ADAF and thin disk 
accretion becomes very obvious if the accreting object 
is a black hole-if the flow is an ADAF the accretion 
energy would simply disappear once it got to the event 
horizon of the black hole, whereas a thin disk would 
radiate away about 10% of the rest mass energy on the 
way down to the black hole. The event horizon is the 
imaginary spherical surface surrounding the black hole 
at a radius of i? ~ 3 km (where is the black 
hole mass in solar units) through which matter and 
energy can enter but never leave. 

X-ray nova are a great testing ground for the ADAF 
theory. During the outburst, the accretion rate is high 
and there is clear evidence for the thin disk. But as 
the nova decays, the accretion rate falls into the regime 
where the thin disk should fade away and the ADAF 
solution should apply. Even before Narayan and Yi’s 
work, there were signs that the 'thin disk model was 
having trouble explaining post-outburst (quiescent) 
observations of A0620-00 made with the Hubble Space 
Telescope and the ROSAT X-ray observatory'"^. These 
observations seemed to indicate that the inner part (near 
the black hole) of the thin disk seen in A0620-00 during 
outburst was gone - or at least very faint. Another 
mystery was that the Hubble observations showed the 
outer part of the disk to be rather bright, indicating a 


moderate accretion rate. But the ROSAT observations 
showed vei 7 little X-ray emission, indicating that the 
flow onto the black hole was - 1000 times lower. It 
was as if matter was flowing from the binary companion 
into the disk, but then getting ‘stuck’ in the disk and 
not flowing down towards the black hole. 

The new ADAF theory and the mysterious observations 
of A0620-00 came together beautifully in a paper by 
Narayan, McClintock and Yi^^ in 1996. The apparent 
discrepancy between the accretion rate indicated by the 
outer disk, and that indicated by the X-ray emission is 
elegantly explained by the ADAF model. As applied to 
A0620-00, the ADAF model postulates that the outer 
part of the disk is a normal thin disk, but at some 
point it gradually becomes a nearly spherical, advec- 
tion-domihated flow. In this way the low X-ray lumi¬ 
nosity is explained (the energy is advected into the 
black hole), and the rather bright outer disk correctly 
indicates a rather moderate mass accretion rate. Because 
the low X-ray luminosity would only occur if the central 
star was a black hole, this model requires that A0620-00 
be a black hole with an event horizon. 

Further verification of the ADAF model came with 
observations of one of the newly discovered BHXN, 
V404 Cyg. The Japanese/NASA X-ray astronomy satellite 
ASCA was able to accurately measure the X-ray spectrum 
of V404 Cyg over a large wavelength range. When the 
ADAF model was applied to V404 Cyg, Narayan, Barret 
and McClintock'^’ found that the model is able to 
accurately predict the shape of the X-ray spectrum, and 
also is consistent with the optical and ultra-violet meas¬ 
urements. In contrast, it is impossible to explain either 
the X-ray spectrum or the broader wavelength observa¬ 
tions with the thin disk model. Figure 1 shows the 
optical, ultra-violet and X-ray data, along with the best 
fitting ADAF and thin disk model. A thin-disk model 
going through the center of the optical and X-ray data 
over predicts the ultraviolet flux by at least a factor of 
10, and predicts a steeply falling X-ray spectrum, contrary 
to the flat X-ray spectrum actually observed. So we see 
that the ADAF model is not only able to explain the 
X-ray luminosity of BHXN, but is also able to explain 
the observed broad-band spectrum. Because the shape 
of the emergent spectrum is critically dependent upon 
the event horizon hiding the energy advected into the 
black hole, this agreement is further evidence that black 
holes do have event horizons. 

The agreement between the ADAF model spectrum 
and the observations of V404 Cyg is a somewhat model- 
dependent confirmation of black-hole event horizons. A 
model independent test would be considered more rigo¬ 
rous. A nearly model-independent test has been carried 
out by Narayan, Garcia, and McClintock"'. They made 
use of the fortuitous fact that nature has kindly provided 
two ‘flavours’ of X-ray Novae: some containing black 
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holes (or at least collapsed objects heavier than 3 solar 
masses), and some containing neutron stars. If black 
holes have event horizons, then when they are in quie¬ 
scence they should be substantially fainter than the 
neutron star systems - because 99% of the accretion 
energy will be advected over the edge of the event 
horizon. In the case of neutron stars, the accretion 
energy will be released (radiated) when the infalling 
matter hits the neutron star surface, even if 99% of the 
energy is stored (advected) in the flow. 

Narayan, Garcia and McClintock compared the X-ray 
luminosities of four BHXN and five neutron star X-ray 
nova (NSXN). This sample of nine objects includes 
essentially all the available data on X-ray nova. The 
NSXN are distinguished from the BHXN by virtue of 
displaying ‘type F X-ray bursts. These bursts are sudden 
increases on the luminosity of the neutron star by a 
factor of - 10, which fade in a few hundred seconds. 
These bursts are caused by an explosive thermonuclear 
run-away on the surface of the neutron star, and are 
an unique and unambiguous indicator of the presence 
of a neutron star. 

The comparison of luminosities is shown graphically 
in Figure 2. The horizontal axis is the log of the peak 
outburst luminosity of the X-ray nova. The vertical axis 
is the log of the quiescent luminosity divided by the 

log[E(keV)] 

-4-2 0 2 



log[v(Hz)] 

Figure 1. The bow-tie represents the X-ray measurements with the 
ASCA satellite of the spectrum of the X-ray nova V404 Cyg. The 
measurements extend from a photon energy of 0.5 to 10 keV, and the 
upper and lower edges of the bow-tie represent 95% confidence limits 
on the obseiwed flux. The three dots show the flux in the optical 
band, and the arrow indicates a 99% confidence upper limit on the 
extreme ultraviolet flux. The dashed line is the predicted spectrum 
according to a conventional accretion model, and is a poor fit to the 
observations. The solid line is the prediction of the ADAF model, 
which fits the observations very well. In this model, the central star 
swallows more than 99% of the energy and radiates less than 1%. In 
order to swallow this much energy without a trace, the star has to 
be a black hole with an event horizon. 


peak outburst luminosity. Several features of the plot 
are worthy of mention. First, we see that the BHXN 
and NSXN separate along the horizontal axis - all of 
the BHXN are more luminous in outburst than the 
NSXN. This is because all nine systems accrete at close 
to the Eddington luminosity during outburst, and because 
the BHXN systems are heavier. The Eddington luminosity 
is the maximum luminosity which an accretion-powered 
system can attain, and it is directly proportional to the 
mass of the accreting object. At the Eddington luminosity 
the emergent light pushes on the infalling matter with 
enough force to just balance the gravitational attraction 
causing the accretion. The neutron stars are -1.4 solar 
masses, while the BHXN have masses somewhere 
between 5 and 15 solar masses^. The dashed vertical 
line represents the Eddington limit for a 1.4 solar mass 
neutron star, and neatly divides the two flavours. 

The horizontal axis shows that BHXN are heavier 
than NSXN, but it does not show that they have event 
horizons. This is demonstrated in the vertical axis, which 
shows the Eddington scaled quiescent luminosity. Here 
we see that all of the BHXN ai*e fainter in quiescence 
than the NSXN. The dashed horizontal line has no 



log (L,nax) 


Figure 2. The observuiions of nine X-ray novae are shown. For each 
source, the ratio of the minimum to maximum observed X-ray flux 
is plotted (on a logarithmic scale). The filled circles correspond to 
black hole candidates. Two of the sources are too dim at flux minimum 
to be detected with current telescopes. The arrows indicate 99% 
confidence upper limits for these sources. The open circles correspond 
to neutron star systems. The clear separation of the black hole candidates 
from the neutron stars is expected according to the ADAF model, and 
provides a strong indication that the black hole candidates have event 
horizons. 
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Figure 3. An artist’s conception (not to scale) of X-ray Nova binary 
star systems: the top one containing a black hole, and the bottom one 
containing a neutron star. Because nothing, not even light, can escape 
the event horizon around the black hole, it appears black. The neutron 
star does not have an event horizon, and therefore shines brightly. 
Because these binary star systems are at great distances, they appear 
as mere points of light even when viewed with the most powerful 
telescopes. But the difference between the two is still seen, when 
looked at with X-ray telescopes in earth orbit the neutron stars appeal- 
as brighter points than the black holes. 

The gravitational tug from the black hole or neutron star is pulling 
matter off the binary companion on the left. This matter spirals inwards, 
first forming a disk, and then forming a spherical flow (an ADAF) 
down towards the central object. When it gets to the center it either 
silently disappears over the event horizon of the black hole, or violently 
impacts the surface of the neutron star. 

physical significance, it merely shows the dividing line 
between the BHXN and NSXN. While there is quite a 
bit of scatter along the vertical axis, the mean Eddington 
scaled quiescent luminosity for the BHXN is a factor 
of ~ 100 less than that of the NSXN. Given that we 
believe the two flavours of X-ray nova have the same 
average mass accretion rate in quiescence, the fact that 
the BHXN are fainter indicates that some of the accretion 
energy is being hidden. More exactly, the fact that the 
luminosities are a factor of ~ 100 different means that 
99% of the accretion luminosity is being hidden! If we 


are right that the quiescent mass accretion rates are the 
same, then the only way the energy can be hidden is 
if the black holes have event horizons which the energy 
can hide behind. Furthermore, the large difference in 
mean Eddington scaled quiescent luminosity indicates 
that something like advection must be going on - if the 
thin disk extended all the way down to near the surface 
of the black holes we would expect only a factor of 
two difference in quiescent luminosities, because the 
thin disk radiates nearly all of its accretion energy on 
the spot (and advects very little of the energy towards 
the center). 

This comparison between BHXN and NSXN is shown 
in Figure 3. The small, solar type secondary is on the 
left. A thin stream of mass is pulled off it and into 
orbit in a thin disk around the central object. The disk 
extends inwards a short distance, and is then disrupted 
into a spherical ADAF. The ADAF flows inwards, and 
(at the top) disappears into the black hole. At the bottom 
the ADAF is shown striking the surface of the neutron 
star, where the heat is released and radiated outwards 
as X-rays. Note that all attempts to adhere to a physically 
meaningful scale in this figure have been abandoned in 
order to clearly show the various components of the 
systems. 

Of course there are caveats in this study. Probably 
the most uncertain assumption is that the NSXN and 
BHXN accrete at similar Eddington scaled mass accretion 
rates in quiescence. Certainly this assumption is true in 
outburst because both classes seem to nearly reach their 
respective Eddington limits (see Figure 1). It is difficult 
to measure the quiescent accretion rates in the BHXN 
in a model independent way, so there is little observa¬ 
tional evidence either for or against this assumption. 
Given what little we do know the assumption seems 
reasonable, but it is difficult to make a much stronger 
statement. 

.The outstanding new feature of this study is that it 
shows, for the first time, the ‘black’ nature of black 
holes. Discoveries of black holes, both those in X-ray 
binaries and those in the centre of galaxies, have been 
discoveries of bright objects. When in the center of 
galaxies, super-massive black holes are the engines that 
power the brightest objects in the universe, quasars. 
With the realization that the accretion onto black holes 
may be advection-dominated at low accretion rates, there 
will likely be more studies showing the black nature 
of black holes. Recent surveys of galaxies by HST have 
shown that most galaxies contain super-massive black 
holes in their centers^’, but these galaxies are not qua¬ 
sars-they may be fossil quasars now accreting in an 
advection-dominated mode. 
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Some geodynamic complexities related to the 
evolution of Bengal Fan and the neotectonic 
activity of the south Indian shield 

K. S. R. Murthy 

Regional Centre, National Institute of Oceanography, 176, Lawsons Bay Colony, Visakhapatnam 530 017, India 


After three decades of the International Indian Ocean 
Expedition (IIOE) and in spite of extensive geophysical 
data collected during the last one decade, the geo¬ 
dynamics of the Bengal Fan and the Peninsular shield 
at the northern end of the Indian Plate remains complex 
and unresolved. Though recent analysis of few multi¬ 
channel seismic sections from the Central Bengal Fan 
could resolve some of the ambiguities, views still differ 
on several aspects such as the nature and age of the 
oceanic crust, trends of fracture zones, origin and age 
of the hotspot traces in relation to the break up and 
drift of the Indian Plate. Recent inferences on the 
deformation from Peninsular shield have introduced 
further complications on the tectonics of the region 
and suggest a mosaic of east-west and north-south 
lithospheric upwarps beneath the south Indian shield. 


The earliest comprehensive study on the stratigraphy, 
structure and tectonics of the Bengal Fan by Curray et 
al.\ from geophysical data collected during the IIOE 
and thereafter evoked considerable interest in the study 
of this region. These preliminary observations, based 
mostly on four widely spaced seismic sections (along 
10°, 14°, 17° and 20°N) in the northern Bengal Fan 
provided significant information on the geodynamics of 
this strategic region, considered to have been evolved 
due to the break-up of Indian Plate from Antarctica 
during Late Cretaceous (120 Ma) and its subsequent 
collision with the Asian counterpart around Eocene time 
(54 Ma). Extensive geophysical coverage during the 
period from 1980 to 1995 led to several theories on 
the evolution of the Bengal Fan including the aseismics 
ridges in this region^"‘l However, one serious problem 
encountered in these studies is the thick column of Fan 
turbidites (reaching at places to nearly 20 km)^ that 
obscure the deeper information on the tectonics of the 
Fan. Most of the hitherto published results were based 
on potential field (gravity and magnetic) data and multi¬ 
channel seismic (MCS) sections that could penetrate to 
the basement are relatively sparse. A recent study by 
Gopala Rao et al}^^ from three MCS sections (13° to 
15°N, 81° to 90°E) resolved some of the ambiguities 
in the interpretation of potential field data. However, 
the geodynamic history of the region still remains com¬ 


plex, mainly due to lack of sufficient geophysical data 
in some critical areas of the Fan as well as the Peninsular 
shield. In particular, the dating of the break-up of Indian 
plate from Gondwanaland, and the traces of the hotspots 
and the stress-related neotectonic activity in the south 
Indian shield are some of the aspects over which 
divergent views were reported in recent times. 

Break-up event 

Earlier studies^ proposed that the separation of the Indian 
plate from the Enderby Land of east Antarctica occurred 
around M-11 time (137 Ma), the break-up approximately 
perpendicular to the present NE-SW trend of the eastern 
continental margin of India (ECMI). This date was 
subsequently revised as M-4 (126 Ma)®. The Continent 
Ocean Boundary (COB) was assumed to be at the foot 
of the continental slope. However, since the eighties, 
different views were reported on the nature of the Bengal 
Fan crust, viz. continental, oceanic^*®’^^’^^’^^, transi¬ 
tional^’'^, partly continental and partly oceanic (separated 
by a graben)^. 

Analysis of extensive bathymetry and magnetic data 
of ECMI by Murthy et al? delineated the COB at the 
foot of the continental slope and also a Cretaceous Quiet 
Zone (CQZ) of constant polarity seaward of the COB, 
only disturbed by the 85° ridge^®, thereby suggesting 
the break-up event around M-0. Ramana et al}^ pushed 
back the break-up event to M-11 (137 Ma) based on 
the identification of seafloor spreading Mesozoic anoma¬ 
lies, M-11 to M-0 from few NW-SE sections taken 
across the Bengal Fan (10° to 15°N, 81° to 90°E). 
However, their interpretation suffers from the fact that 
this region (Block I, Figure 1) is structurally complex 
due to the influence of the 85°E ridge whose trend 
could not be delineated unambiguously from magnetic 
anomalies alone. Demarcation of the 85°E ridge trend 
by assigning a positive magnetic peak all along its 
strike‘s is not unique, as earlier studies^-'^’^^ reported 
asymmetric magnetic anomalies of both positive and 
negative peaks, suggesting offsets along its strike. 

MCS data^'^ resolved some of these ambiguities and 
explained the probable uncertainties involved in the 
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identification of Mesozoic anomalies in the Bengal Fan. 
These studies located the COB more precisely at the 
foot of the continental slope though it might be remem¬ 
bered that COB off passive margins is not a line 
boundary, but often associated with a transitional crust 
of considerable width (few tens of km) separating the 
continental and oceanic crusts^^. Their studies also sup¬ 
ported the break-up event around M-0 and a CQZ 
(120-85 Ma) associated with much of the Bengal Fan 
Crust. However, the drift-related NW-SE fracture zones 
identified by them in the southern Bengal Fan from the 
seismic sections (figures 2 and 5 of Gopala Rao et 



Figure 1. Northern Bengal Fan with critical areas (marked as Blocks 
I, II and HI) where interpretations differ on seafloor spreading anomalies, 
fracture zones, Crozet (85°E ridge) and Marion hot spot trends'^-^. 
Numbers in circles are references quoted in the text. COB: Continent 
Ocean Boundary; CQZ: Creataceous Quiet Zone; FZ: fracture zones 
identified by Gopala Rao et al}^\ dash and dot lines are N-S fracture 
zones proposed from the present study. Af-NS: Afnasi-Nikitin 
seamounts. 


al}"^) need more data to substantiate. Some offsets, either 
in the fracture zones or the 85°E ridge trend (Figure 
1) should have been observed at the intersection of the 
older fracture zones and the younger 85°E ridge, which 
are not apparent from their interpretation (figure 5 of 
Gopala Rao et It appears that the structural 

disturbances in the oceanic basement on either side of 
the 85°E ridge observed in their seismic sections (figure 
2 of Gopala Rao et are in fact the N-S fracture 
zones associated with the 85°E ridge activity (marked 
in dash and dots in Figure 1), and not related to the 
NW-SE break-up event. The only exception to this 
observation is, of course, the isolated steep basement 
high observed near the COB at the foot of the continental 
slope off Krishna-Godavari (KG) basin (MAN-01 sec¬ 
tion in figure 2 of Gopala Rao et al}^). This might 
represent an isolated volcanic source (a hotspot) as 
discussed in the subsequent section. 

Not many geological samples were available to date 
about the oceanic rocks, the only known outcrops from 
this region being the Afnasi-Nikitin seamounts (Figure 
1) far south 4°S, 82°E. In a recent studymarine 
magnetic anomalies have been used to link the granulite 
facies rocks of ECMI with those of the Enderby Land 
of Antarctica, though these inferences could only be 
used to position the Indian Plate with reference to the 
east Antarctica in the pre-break-up scenario and do not 
help much in dating the oceanic crust. MCS data over 
the central Bengal Fan (Block I, Figure 1) at closely 
spaced (preferably half degree) interval are essential to 
differentiate the structural anomalies related to the 85°E 
ridge and the fracture zones and also to map the 
continental, transitional and oceanic segments of the Fan 
crust. 

Hot spots and aseismic ridges 

Traces of four mantle plumes document the different 
phases in the break-up and the northward trajectory of 
the Indian Plate since late Cretaceous; Kerguelen and 
Crozet (Antarctica-India separation at 120 Ma), Marion 
(Madagascar-India separation at 80 Ma) and Reunion 
(Seychelles-India separation at 60 Ma)^’^^. Three of these 
traces represent prominent aseismic ridges, 85°E ridge 
(Crozet) and 90°E ridge (Kerguelen trace) in the Bengal 
Fan (Figure 1) and the Chagos-Laccadiv Ridge (Reunion) 
in the Arabian Sea. In contrast, the trace of the Marion 
hot spot inferred south of Madagascar in the western 
Indian Ocean is relatively less studied. 

Murthy et al}'^ were of the opinion that the Marion 
plume was much older than Kerguelen and Crozet and 
might represent the initial break-up of India from Ant¬ 
arctica. They have located this hot spot (Figure 1) near 
the COB off Machilipatnam (in the Krishna-Godavari 
basin) from model studies on a suite of isolated magnetic 
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anomalies. Its expression was also observed as isolated 
closure in the SEASAT derived Geoid and free air 
gravity anomaly maps of Bengal Fan^”’^^ It is also 
observed in the multichannel seismic section of the 
region^^. The isolated steep basement high near COB 
at the foot of the continental slope (MAN-Ol section, 
figure 2 of Gopala Rao et al}^) coincides with this 
feature inferred by Murthy et al}^. 

The trace of this hot spot in the offshore K-G basins 
needs a more detail study, though Murthy et al}^ infer 
that two Precambrain cross trends (the Chintalapudi and 
Avanigedda trends) in the K-G basin might represent 
the trace of this hot spot. They further speculated its 
trace beneath the Peninsular shield’^ till about 80 Ma, 
when its trace was observed in the oceanic lithosphere, 
marking the separation of Madagascar from India^’^^ 
Their views also get support from Reddy et and 

Curray and Munasinghe^ Reddy et al?^ from integrated 
study of deep seismic sounding (DSS) data of Peninsular 
shield were of the opinion that the southern segment 
of a major Trans-Asiatic lineament along 77°E from 
Indore to the southern tip of India (Figure 2) might 
represent the trace of Marion hot spot. Their studies^^ 
also suggest reactivation of this hot spot trace beneath 
the Peninsular shield on the basis of emission of smoke 
and gases observed immediately after the Lattur earth¬ 
quake, from Adilabad, Nizammabad, Medak and Ranga 
Reddy districts of Andhra Pradesh. These regions fall 
on the NW-SE extension of the hot spot trace from 


the offhshore K-G basin^^ joining the 77°E lineament 
at Indore (Figure 2). 

Curray and Munasinghe^ positioned the Marion hot 
spot off K-G basin (in the Bengal Fan) in the palaeo- 
reconstruction of eastern Gondwanaland and speculated 
its trace beneath the Peninsular shield in a N-S direction 
from the initial break-up of the Indian Plate, till about 
96 Ma when Madagascar got separated from India (figure 
3 of Curray and Munasinghe®). 

However, in the absence of more deep seismic sounding 
data, the trace of this hot spot beneath the Peninsular 
shield remains mostly speculative. The lack of surface 
expression of the Marion trace (if it had really passed 
beneath the Indian shield from 120-80 Ma), might be 
due to the thick continental lithosphere in contrast to 
the thin oceanic lithosphere in the western Indian ocean, 
where its trace was well established. DSS sections across 
the Peninsular shield might help to establish its trend. 
Nevertheless, it must be emphasized that studies on the 
origin and trace of this hot spot assume more significance, 
since this plume appears to be older than the Kerguelen 
and Crozet plumes and might represent the initial break¬ 
up of India from Antarctica. 

While the origin and trace of the Ninety east ridge 
in the Bengal Fan were relatively well established, the 
85°E ridge, considered to be the trace of the Crozet 
hot spot^ remains a complex structure for the geophysi¬ 
cists. It is one tectonic lineament that was twisted at 
both ends to the left, right and straight (Figure 1), with 



Figure 2. Tectonic fabric suggesting east-west (thick lines) and 
north-south (dashed lines) lithospheric upwarps in the south Indian 

ShieldH3M0,42_ 
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various theories attributed to its origin. This ridge was 
identified, initially from two E-W seismic section along 
10°N and 14°N in the Bengal Fan^ Its northern end 
could not be delineated beyond 17°N while the southern 
end was considered to follow a curved path towards 
west (Figure 1), passing south off Sri Lanka. Sub¬ 
sequently Curray and Munasinghe^ reoriented its direction 
both at the southern and northern ends. Towards south 
they joined it to Afnasi-Nikitin seamount chain at 4°S, 
whereas at the northern end it was straightened to join 
the Raj Mahal traps at 25°N, 87°30^E (Figure 1), thereby 
linking them both as part of Crozet hot spot activity ^ 
in contrast to their earlier views considering Raj Mahal 
traps as part of Kerguelen plume. 

Subsequently, different trends were proposed to this 
ridge (Figure 1), particularly at the northern end (beyond 
17°N); a NW-SE trend abutting Visakhapatnam Shelf^, 
a N-S trend abutting Chilka Lake (20°N)^ and even a 
NE trend within the Bengal Fan^^. Theories regarding 
its origin also vary considerably; an aseismic ridge^*'^ 
a hot spot traced leaky volcanic zone^ spreading centre^, 
a fracture zone^^, with no reasonable age or origin 
attributed to it so far. 

One of the main reasons for these complex views is 
the lack of deep seismic data across the strike of the 
ridge particularly beyond 17°N, where it is overlain by 
thick sequence of Bengal Fan sediments. Most of the 
inferences on the trend of this ridge were based on 
magnetic and gravity data, some attributing asymmetric 
magnetic anomalies of both positive and negative 
peaks^’^^ others only positive peaks^^ with symmetric 
anomaly pattern'^. This is particularly critical in the 
Central Bengal Fan (10°~15°N) where it was found to 
be difficult to differentiate the 85°E ridge signature from 
fracture zones and the inferred Mesozoic spreading 
anomalies 

Analysis of rock samples from Raj Mahal traps over 
the continental region and the out-cropped Afnasi-Niktin 
seamounts (Figure 1) south of Sri Lanka might help to 
test the validity of their common origin^ forming the 
trace of the Crozet hot spot. 


Mid-plate tectonics 

Intraplate deformation, a peculiar phenomenon within 
the Indian Plate, was observed for the first time in the 
equatorial region of the Central Indian Ocean basin 
(CIOB)^^’^^. Subsequently, this area was extensively stud¬ 
ied by American, Russian and Indian scientists^^’"^l The 
stress acting on the Indian plate by spreading across 
the mid-ocean ridges in the CIOB and the resistance 
at the contact between Indian and Asian plates were 
considered to be the main reasons for the intense 
deformation in the Oceanic lithosphere manifested in 
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the form of long wavelength (nearly 20 km) high 
amplitude (1 km) folds in CIOB. 

In recent times, there are reports on the stress-related 
deformation from the Peninsular India, a region hitherto 
considered as a stable land mass. Significant among 
these observations is the major basement upwarp along 
13°N from Mulki (near Mangalore on the west coast) 
to Pulicat (near Madras on the east coast)^®’"^^ inferred 
from land morphology, changes in the drainage pattern, 
and sea level records (submergence and emergence) from 
the coastal region (Figure 2). The offshore extension of 
this upwarp was also reported from bathymetry, magnetic 
and gravity data off Madras to Pulicat'^^ Another sig¬ 
nificant study"^^ based on morphotectonics of the Tamil 
Nadu Shelf from remote sensing data, suggests that the 
south Indian Shield is being deformed into a series of 
E-W arches and depressions (Figure 2) due to the 
stress-related neotectonic activity since Quaternary (2 
Ma). An altogether different orientation was given by 
Reddy et al}"^ from an integrated study of the DSS data 
of the Peninsular India, according to which the south 
Indian Shield and the Bengal Fan are underlain by 
longitudinal lithospheric upwarps (marked in dashed 
lines in Figure 2) at almost 5° interval (between 70° 
and 90°E), three of which, (Chagos-Laccadiv, 85°E and 
Ninety east Ridge) already well documented. 

Most of these inferences were based either on coastal 
and land morphology or from deep-seated signatures 
inferred from seismic data with no surface expression. 
There are no data to time these events or to study their 
vertical extent in detail. But if these results were true, 
then the Peninsular India might be considered as a 
mosaic of east-west and north-south lithospheric upwarps 
(Figure 2), a situation that appears to be a little unrealistic 
at present. A few representative DSS sections both in 
latitudinal and longitudinal direction over the south 
Indian Shield might resolve this ambiguity. 

In summary, it appears that a time has come to take 
stock of the situation and to integrate all the results 
published on the evolution of Bengal Fan and the 
neotectonic activity of the Peninsular Shield. There are 
some critical areas (Blocks I, II and III, Figure 1) in 
the Bengal Fan which need more detailed geophysical 
studies. Some of the priority tasks which might be taken 
up under major R&D projects of this region can be 
summarized as follows: 

1. Multichannel seismic data in the southern Bengal 
Fan (10"* to 15°N, 80° to 90°E) mainly to differentiate 
the continental, transitional and oceanic crust, to 
study the 85°E ridge signature in detail and also to 
establish the trend of the rift-related fracture zones 
(Block I, Figure 1). This might help in dating the 
break-up event more precisely. 

2. MCS and DSS data over the shallow continental 
shelf off Chilka lake and on land regions between 
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Chilka lake and Raj Mahal traps (Block II, Figure 
1) mainly to confirm the structural link between Raj 
Mahal traps and 85°E ridge. 

3. Collection and analysis of rock samples (Blocks 11 
& III, Figure 1) from Raj Mahal traps (25°N, 87°30'E) 
and Afnasi Nikitin seamounts (4°S, 82°E), to confirm 
their link to the Crozet hot spot activity^ These 
studies might help to trace the movement of the 
Indian Plate since the late Cretaceous break-up. 

4. Few representative (N-S and E-W) DSS sections 
over the Peninsular Shield (Figure 2) to study the 
validity of the observations on the intraplate defor¬ 
mation events and also to test the inferences drawn 
on the trace of the Marion hot spot. 

5. Correlation of onshore and offshore tectonic line¬ 
aments to understand their influence on the stability 
of south Indian Shield"^^. 


1. Curray, J. R., Emmel, F. J., Moore, D. G. and Raitt, R. W., The 
Ocean Basins and Margins^ Plenum Press, New York, 1982, vol, 
6, pp. 399^50. 

2. Rao, T. C. S. and Rao, V. B., Tectonophysics, 1986, 124, 141-153. 

3. Brune, J. N. and Singh, D. D., Bull Seismol Soc. Am., 1986, 76, 
191-203 

4. Brune, J. N. and Preistley,. K., Proc. Indian Acad. ScL, 1989, 98, 
25-30. 

5. Mukhopadhyay, M. and Krishna, M. R., Tectonophysics, 1991, 186, 
365-386. 

6. Chaubey, A. K., Ramana, M. V., Sarma, K. V. L. N. S., Krishna, 
K. S. et aly Proceedings of International Seminar of AEG, Hyderabad, 
1991, vol. 2, pp. 508-515. 

7. Mishra, D. C., Mar. GeoL, 1991, 99, 257-261. 

8. Curray, J. R. and Munasinghe, T., Geology, 1991, 20, 1-10. 

9. Murthy, K. S. R., Rao, T. C. S., Subrahmanyam, A. S., Malleswara 
Rao, M, M. and Lakshminarayana, S., Mar. GeoL, 1993, 114, 
171-183. 

10. Subrahmanyam, C., Gangadhara Rao, T., Ramana, M. V. and 
Subrahmanyam, V., Proc. IGU, Hyderabad, i993a, 30, 31-32. 

11. Subrahmanyam, C., Subrahmanyam, V., Ramana, M. V., Krishna, 
K. S. et al, Proc. IGU, Hyderabad, 1993b, 30, 32. 

12. Murthy, K. S. R., Subrahmanyam, A. S., Lakshminarayana, S., 
Chandrasekhar, D. V. and Rao, T. C. S., Continental Shelf Res., 
1995, 15, 799-788. 

13. Murthy, K. S. R., Malleswara Rao, M. M., Venkateswarlu, K„ 
Subrahmanyam, A. S., Lakshminarayana, S. and Rao, T. C. S., J. 
GeoL Soc. India, 1997, 49, 153-158. 

14. Ramana, M. V., Subrahmanyam, V., Krishna, K. S., Chaubey, A. K. 
et al. Mar. Geophys. Res., 1994, 16, 237-242. 

15. Ramana, M. V. Nair, R. R., Sarma, K. V. L. N. S. et al., Earth 
Planet. ScL Lett., 1994, 121, 469-475. 

16. Banerjee, B., Sengupta, B. J. and Banarjee, P. K., Mar. GeoL, 
1995, 128, 17-23. 

17. Subrahmanyam, A. S., Murthy, K. S. R., Rao, T. C. S., Malleswara 


Rao, M. M., Lakshminarayana, S. and Venkateswarlu, K., Proc. 
Indian Acad. Sci., 1994, 103, 17-26. 

18. Subrahmanyam, A. S., Murthy, K. S. R., Lakshminarayana, S., 
Malleswara Rao, M. M., Venkateswarlu, K. and Rao, T. C. S., 
Geo. Mar. Lett., 1997 (in press). 

19. Gopala Rao, D., Krishna, K. S. and Sar, D„ J. Geophys. Res., 
1997 (in press). 

20. Naini, B. R. and Leyden, R., J. Geophys. Res., 1973, 78, 8711-8720. 

21. Liu, C. S., Sandwell, D. T. and Curray, J. R., J. Geophys. Res., 
1982, 87, 1613-16%6. 

22. Folger, D. W., Dillion, W. P., Grow, J. A., Klitgord, K. D. and 
Schlee, J. S., Deep Sea Drilling Results in Atlantic Ocean, Am. 
Geophys. Union, Wastington, 1979, vol. 3, pp. 87-107. 

23. Storey, B. C., Nature, 1995, 377, 301-308. 

24. Reddy, P. R., Rao, V. K. and Prasada Rao, P., Proc. IGU, 1993, 

29, 45-52. 

25. Reddy, P. R., Prasada Rao, P. and Kaila, K. L., Proc. IGU,-1993, 

30, 29. 

26. Venkateswarlu, P. D., Raghava Rao, A. M. V. and Bose, P. K., 
GeoL Survey India Spl. Publn., Calcutta, 1992, 29, 61-70. 

27. Kent, R. W., Storey, M., Saunders, A. D., Ghose, N. C. and 
Kempton, P. D., Geology, 1992, 20, 957-958. 

28. Curray, J. R. and Moore, D. G., GeoL Soc. Am. Bull., 1971, 19, 
563-572. 

29. Eittreim, S. L. and Ewing, T., J. Geophys. Res., 1972, 77, 6413-6421. 

30. Weissel, J. K., Anderson, R. N. and Geller, C. A., Nature, 1980, 
287, 248-291, 

31. Neprochnov, Yu. P., Levchenko, O. V., Merldin, L. R, and Sedov, 
V. V., Tectonophysics, 1988, 156, 89-106. 

32. Curray, J. R. and Munasinghe, T., Earth Planet. Sci. Lett., 1989, 
94, 71-79. 

33. Stein, C. A,, Cloetingh, S. and Wortel, R., Geophys. Res. Lett., 
1989, 16, 823-826. 

34. Cochran, J. R., Proceedings of ODP Leg 116 Results, ^ 1990, vol. 
116, pp. 397-414. 

35. Bull, J. M. and Scrutton, R. A., Nature, 1990, 344, 855-858. 

36. Stein, C. A. and Weissel, J. K., Tectonophysics, 1990, 176, 315-332. 

37. Murthy, K. S. R., Neprochnov, Yu. P., Levchenko, D. V., Rao, 
T. C. S., Milanovsky, V, E. and Lakshminarayana, S., Mar. GeoL, 

1993, 114, 185-193. 

38. Murthy, K. S. R. and Rao, T, C. S., Oceanography of Indian 
Ocean, Oxford-IBH, 1992, pp. 541-546. 

39. Subrahmanyam, K. R., Curr. ScL, 1994, 67, 327-330. 

40. Subrahmanyam, K. R., Tectonophysics, 1996, 262, 231-242. 

41. Murthy, K. S. R., Subrahmanyam, A. S. and Rao, C. V., Proc. 

IGU, Hyderabad, 1996, 33, 56-57. * 

42. Ramsamy, S. M. and Balaji, S., Int. J. Remote Sensirig^^ ^1995, 16, 

2375-2391. !' 

43. Murthy, K. S. R., The Hindu, Sci & Technol. Magazine, 24 Octo*Ber 

1994. .ir L 


ACKNOWLEDGEMENTS. 1 am grateful to Dr E. Desa, Director, 
NIO, Goa for his permission to publish this paper. Thanks are also 
due to Mr. Ch. Jawahar Kumar and B. Rajendra Prasad for their help. 

Received 4 February 1997; revised accepted 26 May 1997 


CURRENT SCIENCE, VOL. 73, NO. 3, 10 AUGUST 1997 


251 









RESEARCH ACCOUNT 


Study of water using ultrafast lasers 
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Some of the peculiar phenomena occurring in the 
aqueous solutions have been studied using an ultrafast 
laser. It is observed that the dynamics of the intra¬ 
molecular charge transfer process is markedly retarded 
when the probe solute is transferred from bulk water 
to the interior of various hydrophobic aggregates. 
Solvation dynamics of water molecules in various 
organized and biological environments is found to be 
more than thousand times slower than that in ordinary 
water. Lastly, several processes occurring at the water 
surface have been studied using the novel surface 
second harmonic generation technique. 


The recent progress in ultrafast laser spectroscopy has 
vastly improved our understanding of the dynamics of 
many processes occurring in liquids. The unprecedented 
time resolution down to femtosecond (10"^^ s) timescale 
has revealed detailed information on the early events 
of many ultrafast processes. Among all liquids, simple 
aqueous solutions are of special interest because of their 
inherent complexity and the fundamental role played by 
water in many chemical and biological processes. The 
uniqueness of water is manifested in a large number of 
phenomena which occur exclusively in the aqueous 
medium’"^. For instance, many organic molecules exhibit 
a marked tendency to form aggregates in aqueous 
solutions so as to minimize water-organic interfacial 
area. This tendency, known as the hydrophobic effect, 
arises from the difference in the very strong water-water 
interaction and the relatively weak water-organic inter¬ 
actions. The hydrophobic effect is responsible for a 
large number of binding processes occurring in water 
such as the enzyme-substrate binding, antigen-antibody 
binding, formation of micelles and other supramolecular 
assemblies and also for the compact binding of reactants 
which causes acceleration of bimolecular organic reac¬ 
tions in water. There is considerable recent interest in 
chemistry in such supramolecular assembliesThe 
local environment around a fluorophore in such a hydro- 
phobic aggregate is considerably less polar than bulk 
water. As a result, dynamics of many processes, which 
depends on the local polarity, is affected significantly 
when the probe solute is transferred from the bulk water 
to the interior of these aggregates. The twisted intra¬ 
molecular charge transfer (TICT) process is one such 
process^. In the first part of this account we will discuss 
how the hydrophobic binding affects the intramolecular 
charge transfer processes of some organic fluorophores. 
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Secondly, one of the longstanding goals of chemistry 
and biology has been to unravel the dynamics of the 
water molecules bound to proteins and other organized 
assemblies'^’^. We will discuss results of some recent 
experiments which demonstrate that the relaxation dy¬ 
namics of the water molecules in many organized 
assemblies is several thousand times slower compared 
to the ordinary water molecules. 

Thirdly, due to the very high surface tension of water, 
many organic molecules easily get adsorbed at the water 
surface. This plays an important role in marine life and 
pollution of sea and rivers. We will describe some 
applications of a novel technique, surface second har¬ 
monic generation, to study the air-water interface®’^. 
This new technique is based on a nonlinear optical 
effect and requires very high peak power of the exciting 
laser light. Since the peak power of a laser is equal to 
the pulse energy divided by the pulse duration, even 
with a pulse feeble in energy (e.g. nanojoules), one can 
get megawatt power if the pulse duration is one femto¬ 
second. The tremendous intensity of the ultrafast lasers 
allows observation of many nonlinear optical processes 
even when the sample concentration is rather low. 

TICT processes in hydrophobic aggregates 

The TICT process is exhibited by molecules in which 
an electron donor and an acceptor is connected by a 
flexible bond^’^^^"'^ On electronic excitation such mole¬ 
cules initially form a ‘nonpolar’ state. Subsequently, an 
electron is transferred from the donor to the acceptor 
and this is accompanied by a twist about the flexible 
bond joining the donor and the acceptor (Figure 1). The 
resulting highly polar state is known as the TICT state. 
Since during the TICT process the molecule goes from 
a ‘nonpolar’ state to a highly polar state, the transition 
state is more polar than the reactant. Consequently, the 
activation energy for the TICT process decreases with 
rise in the polarity of the medium^^’^^. For many molecules 
(e.g. dimethyaminobenzonitrile (DMABN) etc.) emission 



Figure I. Twisleil inlrainoleculai charge iraiisicr process. 

CURRENT SCIENCE, VOL. 73, NO. 3. 10 AUGUST 1997 




RESEARCH ACCOUNT 


occurs from both the nonpolar and the TICT state^’^°"^^ 
However, for many other molecules (e.g. nile red, anil- 
ino-naphthalene sulphonates and coumarin laser dyes) 
the TICT state is nonemissive^^'^^“^^\ For these molecules, 
the TICT process is just a nonradiative, dissipative 
process occurring in the nonpolar excited state as a 
result of which the lifetime and intensity of the emission 
from the nonpolar state, decrease. Due to the polarity 
dependence of the rate of the TICT process, the lifetime 
and emission quantum yield of the nonpolar, emission 
is extremely sensitive to the medium. For instance, in 
the case of 2-p-toluidino-6-naphthalene sulphonate (TNS), 
while the lifetime and emission quantum yield in dioxane 
are 8 ns and 0.32 respectively, in water its lifetime 
decreases over hundred times to 0.06 ns and the quantum 
yield to 0.001. Due to this remarkable polarity sensitivity, 
TNS is widely used as a biological probe^*’^^. The TICT 
process of DMABN, TNS, coumarin dyes and many 
other molecules has recently been studied in a wide 
variety of organized assemblies*^”^"^. The structures of 
some of these organized assemblies are given in Figure 2. 
The TICT process which occurs so fast (60 ps for TNS) 
in bulk water is observed to slow down appreciably 
when the probe (TNS, DMABN, etc.) is transferred 
from the highly polar bulk water to the relatively less 
polar interior of the organized assemblies. Table 1 
summarizes the rate of the TICT process of TNS in a, 
number of organized media. It should be noted that the 
mobile probe spans a region of space within its lifetime 
in the excited state. Based on the diffusion coefficients 
(D = 0.05 ps~^) of ordinary organic molecules in water 

and noting that the mean square displacement along a 
particular direction, (z^) = 2D{t), one expects the probe 
molecule to move about 1 nm per nanosecond and thus 


Figure 2. Structure of different organized assemblies: (a), cyclodcxlrin; 
(b), micelles, and (c), reverse micelles. 


Table 1. Emission properties of TNS in different environments 


Medium 


T,. (ns) 

fericT (X 10’ s-') 

Water 

0.001 

0.06 

16.6 

ce-CDx 

0.046 

1.69 

0.56 

^-CDx 

0.064 

2.43 

0.39 

Dextrin 

0.060 

2.86 

0.33 

Dextran 

0.004 

0.51 

1.95 


a probe having subnanosecond lifetime scans a region 
of radius less than 1 nm (ref. 35), Since lifetime of 
TNS in many organized medium is 2~3 ns, TNS faithfully 
reports the microscopic polarity of a region of dimension 
a few nm. 

The hydrophobic binding of the TICT probe molecules 
to cyclodextrins and other polysaccharides is particularly 
important for their implications in the molecular recog¬ 
nition of cell surface polysaccharides and the drug 
delivery systems. Sugar molecules are generally consid¬ 
ered to be highly polar due to their high solubility in 
water and preponderance of hydroxyl groups. However, 
the structural and stereochemical factors in many cases 
render one surface of a polysaccharide completely devoid 
of the hydroxyl groups and consequently, hydrophobic. 
Many organic molecules easily bind to such hydrophobic 
surfaces of a sugar and experience a polarity lower than 
that of water. For example, the cyclic polysaccharides, 
cyclodextrins (CDx) consist of a highly nonpolar and 
hydrophobic cavity with all the hydroxyl groups projected 
outward^^’^^’^^. The height of the CDx cavity is about 
8 A while the diameter of the cavity is 5, 6 and 8 A 
for a,P and y-Cdx which contains respectively 6, 7 and 
8 a-amylose units. The binding constants of many probes 
with )3-CDx are usually higher than those with a-CDx 
and often complexes with more than one stoichiometry 
are observed^^’^^’^^’’^l The TICT process of TNS has been 
found to be 40-60 times retarded inside the CDx cavity, 
causing enhancement of the intensity and lifetime of 
the nonpolar emission^^’^^. Cyclodextrins of different 
sizes are observed to affect the TICT process differently. 
For example, while a-CDx causes an enhancement of 
the TICT emission of DMABN causing little or no 
change of the nonpolar band, /?-CDx causes enhancement 
of both the nonpolar and the TICT emission^^“^^ This 
is attributed to the formation of different kinds of 
complexes for different CDx^^K Very recently Al-Hassan 
et al. however, reported that while fresh aqueous 
DMABN solution containing a-CDx shows no enhance¬ 
ment of the nonpolai" emission, large enhancement of 
the nonpolar emission is observed when the solution is 
kept for three monthsl^^ DMABN often contains an 
impurity which absorbs at wavelengths longer than 340 
nm and gives rise to an emission around the same 
region as the nonpolar emission band of highly purified 
samples of DMABN^^. Al-Hassan et al did not report 
the absorption spectra of their old solutions but their 
excitation spectra exhibit significant intensities above 
340 nm. Thus the effect reported by Al-Hassan et al. 
may be due to some impurities produced by decompo¬ 
sition of DMABN in the old solutions. 

The linear polysaccharide dextrin has been reported 
to display hydrophobicity in their ability to solubilize 
lipophiles and modulate rates of chemical reaction^"^. 
Dextrin causes nearly 50 times enhancement in the 
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intensity and lifetime of the nonpolar emission of TNS 
presumably due to hydrophobic binding of TNS to 
dextrin^l In contrast, another linear polysaccharide, dex- 
tran, causes very slight enhancement of TNS emission, 
* suggesting that for dextran both the surfaces are quite 
hydrophilic. Energy minimization calculation also indi¬ 
cates that while dextrin has a hydrophobic surface, 
dextran has none^^ 

Different additives affect the hydrophobic aggrega- 
tion^"^ Urea and big ions usually enhance water-organic 
interactions and hence are called salting-in agents. The 
salting-in agents increase solubility of organic molecules 
in water, cause denaturation of proteins, inhibit formation 
of micelles, retard bimolecular reactions in water and 
in general break hydrophobic aggregates. On the other 
hand, small ions, known as the salting-out agents, usually 
reduce solubility of organic molecules in water, accelerate 
bimolecular reactions and enhance hydrophobic binding. 
In recent years there have been many attempts to elucidate 
the mechanism of action of such agents^’^^’^l The so- 
called indirect mechanism envisages that urea completely 
disrupts the hydrogen-bonded structure of water and 
thus affects the solvation of organic and biomolecules 
in water. According to the direct mechanism, however, 
urea does not disturb the water structure but displaces 
several water molecules from the immediate neighbour¬ 
hood of an organic molecule in water and thus modifies 
water-organic interaction by acting as a bridge between 
them. The recent computer simulations^^’^^ and experi¬ 
mental results^ go against the indirect mechanism and 
support the direct mechanism. The effect of different 
salting-in and salting-out agents on the hydrophobic 
binding of TNS with cyclodextrin and dextrin has been 
studied in detaiP^"^^ Binding studies indicate that urea, 
Cs*^, guanidinium and perchlorate ions cause a decrease 
in the fraction of TNS molecules bound to CDx or 
dextrin. Thus urea and salting-in agents directly interact 
with the fluorophores bound to the organized assemblies 
and actually ‘unbind’ them. This lends strong support 
to the direct mechanism. As a result, addition of salting-in 
agents causes reduction in the fluorescence intensity and 
increase in the amplitude of the component of the fast 
decay corresponding to free TNS in bulk water. Small 
ions (Lr, CT etc.), on the contrary, increase the fraction 
of bound TNS molecules. Tetra-n-butyl ammonium 
(TBA) ion being a big one is expected to break hydro- 
phobic aggregates of TNS and CDx, causing decrease 
in the emission intensity. However, with TBA large 
fluorescence enhancement of TNS, over and above that 
caused by CDx, is observed. To explain this, it is 
proposed that since TBA cations itself form micellar 
aggregates they form ternary aggregates containing CDx, 
TNS anion and TBA cation^”^. In such a complex the 
local polarity around TNS decreases further as the four 
butyl groups wrap around the TNS : CDx complex. 


Solvation dynamics of water molecules in 
organized assemblies 

The solvation process refers to the reorganization of 
polar solvent molecules around a dipole created instan¬ 
taneously in a liquid by a picosecond or femtosecond 
pulse. The recent activity in this area has generated a 
wealth of information on the solvation dynamics in 
many homogeneous solutions^^”^'^. The most popular tech¬ 
nique for studying solvation dynamics is the method of 
time dependent Stokes’ shift (TDSS). It is based on the 
fact that as solvation proceeds the energy of the probe 
solute decreases and thus with time its emission spectrum 
moves to lower energy, i.e. towards red. Thus, if v(0), 
v{t) and v(oo) denote emission frequencies at time zero, 
t and infinity, v(0) > v(f) > v(oo). The solvent correlation 
function C{t) is defined by, 

v(0)-v(oo) 

The time constant of decay of C{t) is known as the 
solvation time. In many cases the decay of C(f) is 
multiexponential (e.g. exp (-f/tj))). In such a case 
one often uses the average solvation time E(a.r.). 
According to the continuum theory, the time constant 
of decay of C{t) is the longitudinal relaxation time 
'^L “ where and are respectively the static 

and high frequency dielectric constants of water and 
Tp, the Debye relaxation time. Since for water £^ = 78 
and e^-5 and = 8ps one immediately expects a 
solvation time of about 500 fs for water. The actual 
experimental result indicates presence of a major com¬ 
ponent of 310 fs (refs 44, 45). Recently Nandi et al!^^ 
and Schwartz and Rossky^^^ analysed the experimental 
results on the solvation dynamics in water in considerable 
detail taking into account effect of the different vibra¬ 
tional modes of water and isotopic substitution by deu¬ 
terium. 

More recently, several groups initiated studies on the 
relaxation dynamics of water in many organized envi¬ 
ronments with a view to understanding the behaviour 
of the water molecules bound to proteins and other 
organized assemblies and perturbed by the local electro¬ 
static attractions and hydrogen bonds^^’^. The dielectric 
relaxation and pulsed NMR studies of biological systems 
indicate that while ordinary water exhibits a single fast 
relaxation time of 8 ps, in biological systems one often 
observes a bimodal decay with one component around 
lOps and another very long component in the 10 ns 
time scale'^’^’^^'^^ The exact origin of the almost univer¬ 
sally observed bimodal dielectric decay of biological 
systems is not yet completely understood. The earlier 
workers relied on a simplified model involving two 
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kinds of water, ‘free’ and ‘bound’ with relaxation times 
of lOps and 10 ns respectively^^’^’^^’^^. However, Nandi 
and Bagchi^^ have proposed a model which envisages 
an equilibrium between the bound and the free water 
where the nanosecond component arises not because of 
the slowness of the bound water but because of the 
need for the establishment of equilibrium. 

Fleming et first applied the TDSS technique to 
study the solvation dynamics in a CDx cavity. They 
observed that while in pure water the solvation dynamics 
occurs in the subpicosecond time scale, in the y-CDx 
cavity the solvation dynamics occurs in the nanosecond 
times scale. Nandi and Bagchi'^*^ ascribed the nearly 
thousand-fold retardation of the solvation dynamics 
inside the y-CDx cavity to the freezing of the transla¬ 
tional degrees of freedom of the water molecules inside 
the y-CDx cavity. 

Sarkar et al. extended this study to investigate the 
solvation dynamics of water molecules in reverse 
micelles^^^ and micelles^" using the TDSS technique while 
Bright et used phase fluorimetry to study solvation 
dynamics in reverse micelles. The reverse micelles are 
basically a nanometer-sized water droplet (water pool) 
surrounded by a layer of surfactant molecule and dis¬ 
persed in a hydrocarbon solvent^^'^^ The radius (j^) of 
the water pool may be varied from a few A to 100 A 
by varying the ratio of the water molecules and the 
surfactant molecules. Obviously in a small water mole¬ 
cule, the water molecules are very rigidly held by the 
ionic headgroups of the surfactants and the counter¬ 
ions and hence are very slow. In a big water pool, 
though the water molecules at the peripheries are rather 
strongly held, those at the centre are relatively free. 
Thus for reverse micelles while the solvation dynamics 
in a small water pool of radius <10 A occurs with a 
time constant 8 ns, in big water pools (r^>20A) a 
much faster component of about 2 ns appears"^^'^^’^^. The 
observation of the nanosecond component may be 
semiquantitatively explained as follows. The static di¬ 
electric constant of the water pool can be estimated 
from the position of the emission maxima of various 
polarity-sensitive probes. The result indicates that the 
dielectric constant of the water pool is close to that of 
alcohol, i.e. « 30. If one assumes that the high frequency 
dielectric constant of water in the reverse micelle is the 
same as that of water, i.e. 5 and the Tj^«10ns one 
readily gets a solvation time of 1.67 ns. 

Das et have studied the deuterium isotope effect 
of 4-aminophthalimide on the solvation dynamics in 
reverse micelle. They reported a 20% reduction in the 
average solvation time in D^O compared to water. This 
is consistent with the 25% slower dielectric relaxation 
time of D^O compared to H^O (ref. 61) and shows that 
D^O is slower than H 2 O. Similar isotope effect on the 
solvation dynamics and electron solvation has been 


reported in homogeneous liquids^^"^^ and micelles^^. It 
appears that the deuterium isotope effect is most promi¬ 
nent when the probe interacts strongly with the sur¬ 
rounding water molecules^^ 

Recent small angle neutron scattering studies indicate 
that in aqueous solutions micelles consist of a ‘dry’ 
hydrocarbon core surrounded by ‘wet’ spherical shell 
of thickness 6-7 A (refs 66, 67). This shell, called the 
Stern layer, contains the polar head groups of the 
micelles, counterions and considerable amount of water, 
Sarkar et al. studied solvation dynamics of coumarin 
480 in the Stern layer of neutral (triton X), cationic 
(cetyltrimethyl ammonium bromide, CTAB) and anionic 
(SDS) micelles^^\ They observed that the water molecules 
present in the Stern layer of the micelles though much 
slower than the ordinary water molecules, are faster 
than those in the CDx cavity or those in the reverse 
micelles. Table 2 summarizes solvation times of water 
in different organized environments. 

Surface second harmonic generation 

Second harmonic generation or, more generally, sum 
frequency generation is a nonlinear optical process in 
which two laser photons of frequency and interact 
with a medium to produce a nonlinear polarization, 
which gives rise to a radiation at a frequency v^+v^- 
Second harmonic generation (SHG) is the special case 
of sum frequency generation where v. In the 

case of SHG, is given by, EE, where 

is second order nonlinear polarization of the medium. 
Due to symmetry reasons vanishes in a centro-sym- 
metric medium. Thus second harmonic generation does 
not occur in any centrosymmetric medium. The bulk of 
any liquid is centrosymmetric due to isotropic arrange¬ 
ment of the molecules and hence does not give rise to 
SHG. However, the symmetry is broken at the surface 
or in general at the interface of any two bulk media. 
Thus SHG or SFG can selectively probe any interfaces. 
Since no other optical technique possesses such surface 
selectivity, surface SHG (SSHG) and surface SFG (SSFG) 
have become two very powerful and popular techniques 
to study various interfaces^’^’^^ In the present article we 
will restrict ourselves to only air-water interface. 

In the absence of any local field is given by. 


Table 2. Solvation times of water in different environments 


Medium 


Average solvation time (ps) 

Water 


<0.31 

AOT reverse micelle, 

< 10 A 

8000 

AOT reverse micelle, 

> 20 A 

2000 

CTAB 


474 

Triton X-100 


1176 

SDS 


690 
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ym _ ^( 2 ) ^ ^ where denotes the number of molecules 

at the surface, and is the second order polarizability 
with the angular bracket denoting orientational average. 

and both contain 27 elements. However, using 
the symmetry property of the surface one can show that 
many elements of x^^^ vanish and many become equal 
to one another and thus the x^^^ ^or surface species is 
described by only three independent components. For 
many molecules oP is dominated by a single component 
and this is known as the uniaxial case. A typical SSHG 
setup is shown in Figure 3. In a SSHG experiment one 
measures three properties of the SSH light-intensity, 
polarization and phase, which are respectively related 
to the number, average orientation and absolute orien¬ 
tation of the surface species^’^. The square root of the 
intensity of the SSH light is proportional to and can 
be used to test different adsorption isotherms. For many 
organic compounds adsorption at the water surface obeys 
the Langmuir adsorption isotherm^’^^"^^. From this the 
free energy of adsorption of a series of p-alkyl substituted 
phenols and anilines and their corresponding anions and 
cations have been determined^^. It is observed that for 
any phenols (or anilines) the free energy of adsorption 
of the neutral species is more negative than that of the 
charged phenolate (or anilinium) ion. This is because 
the charged species are solvated to a lesser extent at 
the surface than they are in the bulk water. Because of 
this for smaller phenolates the population of the ions 
at the surface is negligibly smalF^. Thus the simple 
dissociation equilibrium of phenol remains largely in 
favour of the neutral species. In other words, the pKa 
at the water surface is different from that in the bulk®'^’^^, 
However, as the size of the alkyl group at the para 
position increases, the surface populations of the charged 
phenolates increase due to the hydrophobic effect^^ 

It is evident that the enrichment of the water surface 
by organic molecules arises because of the hydrophobic 
effect and an organic molecule is stabler at the water 
surface than it is in the bulk because when the molecule 
is at the water surface it disrupts fewer number of 
water-water bonds. Since as noted earlier urea and other 
salts affect water-organic interaction they are expected 
to affect surface population of the organic molecules. 
To investigate this phenomenon one needs to monitor 
only one surface species in the presence of others. This 
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Figure 3. Schematic of a surface second harmonic generation setup. 
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is possible using the resonance SSHG technique. The 
quantum mechanical expression of x^^^ contains energy 
denominators of the form {hE-hv) and (AB-2/rv). 
Obviously, x^^^ becomes very high when the energy gap 
AE becomes equal to Iw (one-photon resonance) or 
2hv (two-photon resonance). In the case of resonance 
SSHG the signal of the resonant species is so much 
higher than that of the non-resonant species (water or 
a surfactant, CTAB) that the latter may be considered 
silent. Thus using resonance surface second harmonic 
generation one can selectively monitor one surface species 
in the presence of others. p-Nitrophenol (PNP), which 
absorbs around 300 nm, is two-photon resonant for a 
fundamental laser wavelength of 600 nm. As a result, 
signal from PNP is 100 and 50 times larger than that 
of pure water and CTAB surfaces. Sarkar et 
studied the effect of CTAB, urea and different salts on 
PNP at the water surface. It is observed that for all 
those additives while the intensity of the SSH signal 
changes substantially the orientation of the molecule at 
the surface remains the same. Thus the intensity change 
is not due to any change in the orientation of the PNP 
molecules at the water surface and is related to change 
in the surface population of PNP. On addition of urea 
and salts containing big ions (perchlorate and 
guanidinium) the intensity of the SSH signal decreases 
sharply while the salts containing small ions (LiCl) 
cause an appreciable increase in the intensity of the 
SSH signal. It is observed that the free energy of 
adsorption changes on addition of urea and these salts 
and the variation in surface population and hence the 
intensity of the signal can be described in terms of the 
change in free energy. CTAB causes a ten-fold increase 
in the intensity of the SSH signal of PNP at a concen¬ 
tration nearly one-fourth of the reported critical micellar 
concentration and above this the intensity of the signal 
remains more or less the same. This indicates that the 
surface structure changes considerably much before the 
micellar aggregates are formed at the bulk. In the case 
of CTAB both orientation and free energy of adsorption 
remains the same. This indicates that CTAB increases 
the surface population of PNP by increasing maximum 
capacity of the surface to accommodate PNP. This is 
similar to the enrichment of the biomembranes by organic 
molecules. Since PNP is more soluble in hydrocarbon 


Table 3. Effect of additives on SSHG signal of PNP at the 
water surface 


Reagent 

Intensity (counts/s) 


60 

5 M urea 

7 

0.2mM CTAB 

600 

0.2 mM CTAB + 7 M urea 

63 

5 M LiCl 

no 

5 M LiClO^ 

15 

5 M guanidinium chloride 

15 


CURRENT SCIENCE, VOL. 73, NO. 3,10 AUGUST 1997 






RESEARCH ACCOUNT 


than in water it enriches the water surface more when 
it is covered by alkyl chains of the surfactant than it 
does for the pure water surface. Table 3 summarizes 
the relative signal intensities of PNP at the water surface. 
It is observed that for insoluble monolayer at the water 
surface the surface population, of PNP increases until 
the surface area per molecule decreases to a particular 
value^^\ On further increase in the surface pressure the 
surfactant pushes the PNP molecules away from the 
surface and the signal drops sharply. Recently, Eisenthal 
et determined the polarity of the water surface 
using spectroscopy of /?-//,N-dimethylamino nitrobenzene 
whose absorption energy is polarity-dependent. The 
results indicate that the polarity of water surface is 
similar to that of butyl ether or CCI 4 . 

Another important issue is how the water surface 
affects the dynamics of the ultrafast processes. Using 
time-dependent resonance SSHG, Eisenthal^ demonstrated 
that the rate of the photoisomerization of DODCI and 
malachite green is different at the water surface than 
that in the bulk water. For DODCI, a rod-shaped cationic 
dye, the rate at the water surface has been found to be 
three times faster than that in the bulk while for malachite 
green, a nearly planar molecule, the isomerization process 
is three times slower at the surface. Thus compared to 
bulk water DODCI experiences a lower friction at the 
surface while malachite green experiences a higher fric¬ 
tion. To explain the difference in the friction reported 
by the different probes it is proposed that DODCI and 
malachite green probe different parts of the interface. 

Conclusion and future outlook 

The behaviour of the water molecules continues to 
intrigue and fascinate scientists of diverse disciplines. 
It is quite natural to expect that with the development 
of newer arsenals, both in the theoretical and the 
experimental front, many new aspects of water would 
be attacked which has been hitherto impossible or difficult 
to tackle. The ultimate goal of elucidating the structure 
and dynamics of water in the liquid state and in all 
kinds of organized assemblies taking into account all 
the microscopic interactions still remains a formidable 
task. But the new results outlined in this account have 
certainly generated considerable enthusiasm and provided 
new insight on how water controls the structure, dynamics 
and reactivity of organic and biomolecules both in the 
bulk and at the surface. The most satisfying outcome 
of any study on water is that it brings us closer to 
nature and life. 


1. Breslow, R., Acc. Chem. Res., 1991, 24, 159; 1995, 28, 146. 

2. Blokzijl, W. and Engberts, J. B. F. N., Angew. Chem. Int. Ed. 
England, 1993, 32, 1545. 

3. Pindur, U., Lutz, G. and Ohno, C., Chem. Rev., 1993, 93, 741. 


4. Pethig, R., in Protein-Solvent Interactions (ed. Gregory, R. B.), 
Marcel Dekker, NY, 1995, pp. 265. 

5. Teeter, M. M., Ann. Rev. Biophys. Biophys. Chem., 1991, 20, 577. 

6. Turro, N. J., J. Photochem. PhotobioL, 1996, AlOO, 53. 

7. Rotkiewicz, K., Grellman, K. H. and Grabowski, Z. R., Chefn. 
Phys. Lett, 1973, 19 , 315. 

8. Eisenthal, K. B., Chem. Rev., 1996, 96 , 1343. 

9. Shen, Y. R., Annu. Rev. Phys. Chem., 1989, 40, 327. 

10. Grabowski, Z. R., Pure Appl Chem., 1993, 65 , 1751. 

11. Hicks, J. M., Vandersall, M. T., Babarogic, Z. and Eisenthal, K. B., 
Chem. Phys. Lett., 1985, 116 , 18. 

12. Bhattcharyya, K. and Chowdhury, M., Chem, Rev., 1993, 93, 507. 

13. Zachariasse, K. A., Von den Haar, T., Hebecker, A., Leinlios, U. 
and Kuhnle, W., Pure Appl. Chem., 1993, 57, 1745. 

14. Majumdar, D„ Sen, R., Bhattacharyya, K. and Bhattacharyya, S. P., 
J. Phys. Chem., 1991, 95, 4324. 

15. Kato, S. and Amatatsu, Y., J. Chem. Phys., 1990, 92 , 7241. 

16. Gorse, A.-D. and Pesquer, M., J. Phys. Chem., 1995, 99, 4039. 

17. Sarkar, N., Das, K., Nath, D, and Bhattacharyya, K., Langmuir, 

1994, 10 , 324. 

18. Weber, G. and Lawrence D. J, R., Biochem. J., 1954, 56, 31. 

19. McClure, W. O. and Edelman, G. M., Biochemistry, 1966, 5, 1908. 

20. Nag, A. and Bhattacharyya, K., Chem. Phys. Lett., 1990, 169, 12. 

21. Chang, T. L. and Cheung, H. C., Chem. Phys. Lett., 1990, 173, 
343. 

22. Ramamurthy, V. and Eaton, D. F., Acc. Chem. Res., 1988, 21 , 300. 

23. Bortulos, P. and Monti, S., Adv. Photochem., 1995, 21, 1. 

24. Balasubramanian, D., Sundari, C. S. and Raman, B., J. Am. Chem. 
Soc., 1993, 115, 74. 

25. Nag, A., Chakrabaity, T. and Bhattacharyya, K., J. Phys. Chem,, 
1990, 94, 4203. 

26. Sarkar, N., Das, K., Nath, D. and Bhattacharyya, K., Chem. Phys. 
Lett, 1992, 196, 491. 

27. Sarkar, N., Das, K., Nath, D. and Bhattacharyya, K., Chem. Phys. 
Lett, 1994, 218, 492. 

28. Das, K., Sarkar, N., Das, S., Bhattacharyya, K. and Balasubramanian, 
D., Langmuir, 1995, 11 , 2410. 

29. Nag, A. and Bhattachai'yya, K., Chem. Phys. Lett, 1988, 151 , 474. 

30. Nag, A., Chattopadhyay, N., Dutta, R. and Bhattacharyya, K., Chejii. 
Phys. Lett, 1988, 157, 83. 

31. Cox, G. S., Hauptman, P. and Turro, N. J., Photochem. PhotobioL, 
1984,39,597. 

32. Al-Hassan, K. A., Klein, U. K. A. and Suwaiyan, A., Chem. Phys. 
Lett, 1993, 212, 581. 

33. Nakamura, A., Ueno, A., Toda, F., Suzuki, I. and Osa, T., J. Am. 
Chem. Soc., 1993, 115 , 5035. 

34. Turkewitsch, P., Wandett, Ganju, R. R., Darling, G. D. and Powell 
W. S., Chem. Phys. Lett, 1997, 260, 142. 

35. Cho, C. B., Chung, M., Lee, J., Nguyen, T., Singh, S., Vedamuthu, 
M., Yao, S., Zhu, J.-B. and Robinson, G. W., J. Phys. Chem., 

1995, 99 , 7806. 

36. Nakashima, N. and Malaga, N., Bull. Chem. Soc. Jpn., 1973, 46, 
3016. 

37. Duffy, E. M., Kowalczyk, P. J. and Jorgenson, W. L., J. Am. 
Chem. Soc., 1993, 115 , 9271. 

38. Kuharski, R. A. and Rossky, P. J., J. Phys. Chem., 1984, 106, 
5786 and 5794. 

39. Bagchi, B., Fleming, G. R. and Oxtoby, D. W., J. Chem. Phys., 
1983, 78. 7375. 

40. Van der Zwan, G. and Hynes, J. T., J. Phys. Chem., 1985, 89, 
4181. 

41. Bagchi, B. and Chandra, A., Adv. Chem. Phys., 1990, 80, 1. 

42. Maroncelli, M.. J. Mol. Liq., 1993, 57, 1. 

43. Simon, J. D. and Ros.sky, P. J., Nature, 1994, 370, 263. 

44. Jimenez, R., Fleming, G. R., Kumar, P. V. and Maroncelli, M., 
Nature, 1994, 369, 471. 


CURRENT SCIENCE, VOL. 73. NO. 3, 10 AUGUST 1997 


257 



RESEARCH ACCOUNT 


45. Vajda, S., Jimenez, R., Rosenthal, S., Fidler, V., Fleming, G. R. 
and Castener, E. W, Jr., /, Chem. Soc. Faraday Trans., 1995, 91, 
867. 

46. Schwartz, B. J. and Rossky, P. J., J. Chem. Phys., 1996, 105, 6997. 

47. Nandi, N. and Bagchi, B., J. Phys. Chem., 1996, 100, 13914. 

48. Nandi, N., Roy, S. and Bagchi, B., J. Chem. Phys., 1995, 102, 
1390. 

49. Sarkar, N., Das, K., Datta, A., Das, S. and Bhattacharyya, K., J. 
Phys. Chem., 1996, 100, 10523. 

50. Sarkar, N., Datta, A., Das, S. and Bhattacharyya, K., J. Phys. 
Chem., 1996, 100, 15483. 

51. Das, S., Datta, A. and Bhattacharyya, K., J. Phys. Chem., 1997, 
AlOl, 3299. 

52. Lundgren, J. S., Heitz, M. P. and Bright, F. B., Anal. Chem., 1995, 
67, 3775. 

53. Shirota, H., Pal, H. and Yoshihara, K., J. Phys. Chem., 1996, 100, 
14575. 

54. Reid, P. J., Silva, C. and Barbara, P. F., J. Phys. Chem., 1995, 
99, 3554. 

55. Long, F, H., Lu, H. and Eisenthal K. B., Chem. Phys. Lett., 1989, 
160, 464. 

56. Gaudel, Y., Pommeret, S. and Antonetti A., J. Phys. Chem., 1993, 
97, 134. 

57. Zolotov, B., Gan, A., Fainberg, B. D. and Huppert, D., Chem. 
Phys. Lett., 1997, 265, 418. 

58. Mashimo, S., Kuwabara, S., Yagihara, S. and Higasi, K., J. Phys. 
Chem., 1987, 91, 6337. 

59. Belton, P. S., J. Phys. Chem., 1995, 99, 17061. 

60. Urry, D. W., Peng, S., Xu, J. and McPherson, D. T., J. Am. Chem. 
Soc., 1997, 119, 1161. 

61. Kaatze, U., Chem. Phys. Lett., 1993, 203, 1. 

62. Nandi, N. and Bagchi, B., unpublished. 


63 . Luisi, P. L., Angew. Chem. Int. Ed. England, 1985, 24, 439. 

64. Cassin, G., Badiali, J. P. and Pileni, M. P., J, Phys. Chem., 1995, 
99, 12941. 

65. Moulik, S. P. and Mukherjee, K., Proc. Indian Natl. Acad. Set, 
1996, A62, 215. 

66. Phillies, D. J., Stott, J. and Ren, S. J., J. Phys. Chem., 1993, 97, 
11563. 

67. Berr, S. S., J. Phys. Chem., 1987, 91, 4760. 

68. Higgins, D. A. and Corn, R. M., Chem. Rev., 1994, 94, 107. 

69. Castro, A., Bhattacharyya, K. and Eisenthal, K. B., J. Chem. Phys., 
1991, 95, 1310. 

70. Zhao, X., Goh, M. C., Eisenthal, K. B., J. Phys. Chem., 1990, 94, 
2222 . 

71. Sarkar, N., Das, K., Das, S., Nath, D. and Bhattacharyya, K., J. 
Chem. Soc. Farad. Trans., 1995, 91, 1769. 

72. Sarkar, N., Das, K., Das, S., Nath, D. and Bhattacharyya, K., J. 
Chem. Soc. Farad. Trans., 1996, 92, 4993. 

73. Bhattacharyya, K., Sitzman, E. V. and Eisenthal, K. B., J. Chem, 
Phys., 1987, 87, 1442. 

74. Wang, H., Borguet, E. and Eisenthal, K. B., J. Phys. Chem., 1997, 
AlOl, 713. 

ACKNOWLEDGEMENTS. It is a pleasure to thank my students, 
namely Drs A. Nag, N. Sarkar, K. Das, Ms. S. Das and Mr A. Datta 
and collaborators Prof. D. Balasubramanian and Dr D. Nath. Special 
thanks are due to Prof. B. Bagchi for many stimulating discussions. 
Finally, I am grateful to Department of Science and Technology and 
Council of Scientific and Industrial Research, Government of India for 
research grants. 

Received 21 June 1997; accepted 25 June 1997 


MEETENGS/SYMPOSIA/SEMINARS 


National Seminar on Applied Sedimentology and XIV 
Convention of Indian Association of Sedimentologists 

Date: 12-14 December 1997 
Place: Chennai 

Topics include: Sedimentology of fossil fuels, sedimentary 
deposits of industrial and construction raw materials, sedimentary 
processes in dams and reservoirs, role of sediments as pollutants, 
sedimentary processes in soil formation and its application in 
farming sector, application of sedimentology in irrigation-related 
problems, placer sediments and their economic resources, strata- 
bound sedimentary ore deposits, coastal sedimentation and sea 
level changes, recent trend in sequence stratigraphy and basin 
analysis, modern techniques in sedimentological studies including 
remote sensing application, geothermoraetry of sedimentary 
basins, deposition^ sedimentary environments and diagenesis 
and sedimentology of aquifer lithology. 

Contact: Dr S. Ramasamy 

Convener, National Seminar and XIV IAS Consortium 

Department of Geology 

University of Madras, Guindy Campus 

Chennai 600 025 

Phone: 044-2351137 Extn 218 

Fax: 044-2352870, 566693 

E-mail: srsamy@unimad.emet.in 


Indian Geophysical Union: 34th Annual Convention and 
Meeting on Satellite Navigation Systems - GPS Applications 

Date: 17-19 December 1997 
Place; Hyderabad 

Original research contributors are invited for presentation in 
the following fields: 1, Solid earth geophysics; 2. Geophysical 
exploration; 3. Atmospheric Sciences; 4. Geodynamics; 5. Space 
sciences and planetology; 6. Marine geosciences. 

Contact: Dr P. R. Reddy 
Hon. Secretary 

Indian Geophysical Union, NGRI Campus 
Uppal Road 

Hyderabad 500 007, India 
Phone: 040-672911 
Telex: 0425-7018 NGRI IN 
Fax: 040-671564 
Grams: GEOPHYSICS 
E-mail: postmast@ngri.uunet.in. 


258 


CURRENT SCIENCE, VOL. 73, NO. 3, 10 AUGUST 1997 




RESEARCH ARTICLES 


Isolation and characterization of an insertion 
element-like repetitive sequence specific for 
Mycobacterium tuberculosis complex 

Sujatha Narayanan, R. Sahadevan and P. R. Narayanan 

Tuberculosis Research Centre, Mayor V. R. Ramanathan Road, Chetput, Madras 600 031, India 


We report the characterization of an insertion-like 
repetitive sequence containing the clone of Mycobac¬ 
terium tuberculosis. This repetitive sequence contains 
seven inverted repeats. Restriction fragment length 
polymorphism studies using this probe have shown 
that it is not a highly polymorphic probe but rather 
shows conservative fingerprint pattern. Out of the 150 
strains tested, only three showed different fingerprint 
patterns. It has several direct and inverted repeats. 
Homology studies of the putative protein coding region 
show that this repeat element might code for a 
metalloproteinase of M, tuberculosis. Homology studies 
also implicate this repeat element to be from a very 
essential region of the M. tuberculosis genome partici¬ 
pating in recombination. This repeat has been found 
to be an ideal target for polymerase chain reaction to 
detect M, tuberculosis. 


Disease caused by mycobacterial infection is a world¬ 
wide problem. Despite their highly pathogenic nature, 
progress towards an understanding of gene structure, 
organization and expression in mycobacteria has been 
slow. Over the last decade, study of the basic biology 
of the mycobacterial pathogen has benefited greatly from 
a molecular biological approach. Repeat elements have 
been identified in various species ranging from 
prokaryotes to eukaryotes. Analysis of the repetitive 
elements has led to the identification of putative insertion 
elements. Insertion elements (IS) are discrete segments 
of DNA which are able to transpose to numerous sites 
on bacterial plasmids and chromosomes, usually to give 
rise to their copies \ IS elements can also promote 
rearrangements of genomes or replicons. 

Repeated DNA sequences have been identified in a 
range of mycobacterial species, including pathogens. 

I There are several reports of repetitive sequences of 

Mycobacterium tuberculosis complex^’^ and in a number 
j of cases, analysis of these repeats has shown IS elements 

: such as IS6110 or IS986 which were identified in M. 

\ tuberculosis^'^. Pathogenic strains of M. avium have 

multiple copies of an atypical IS element IS900 and 
IS901^ However, mycobacterial repeats without IS-like 
elements have also been reported like the RLEP elements 
in M. leprae^'^. Such highly repeated elements are used 
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as templates in polymerase chain reaction for detection 
of mycobacteria from clinical specimens and also ex¬ 
tensively used in molecular epidemiology. 

Here we report the characterization of a novel IS-like 
repeat element from M. tuberculosis which has been 
found to be specific for M. tuberculosis with an impli¬ 
cation of an important role in recombination events, 

Materials and methods 

Bacterial strains 

Reference and clinical isolates of M. tuberculosis and 
reference strains of atypical mycobacteria were obtained 
from the Bacteriology Department of Tuberculosis 
Research Centre, Madras. 

Bacterial growth and chromosomal DNA 
isolation 

Mycobacterial strains were grown in 10 ml Middlebrook’s 
7H9 medium supplemented with 5% (w/v) albumin- 
dextrose complex (Difco Lab) at 37°C in a stationary 
state. The three-week-old culture was heated at 80°C 
for 20 min to kill the cells. After centrifugation the cell 
pellet was resuspended in 500 p.! TE buffer (10 mM 
Tris-HCl, 1 mM EDTA pH 8.0). Lysozyme was added 
to a final concentration of 1 mg mL^ and the tube was 
incubated for one hour at 37°C, 70 pi of 10% (w/v) 
SDS and 6 pi ml"* of a 10 mg ml"* proteinase K (Boe- 
hringer Mannheim) were added, and the mixture was 
incubated for 10 min at 65°C. 100 pi of 5 M sodium 
chloride and 8 pi of 10% (w/v) A-cetyl-AsAjA-trimethyl 
ammonium bromide in 4.1% (w/v) NaCl solution were 
added. The tubes were mixed and incubated for 10 min 
at 65 °C, and equal volumes of chloroform/isoamyl al¬ 
cohol (24: 1 v/v) was added and mixed. After centrifu¬ 
gation for 5 min, the supernatant was transferred to a 
fresh tube and 0.6 volume of isopropanol was added. 
The tubes were kept at - 20°C for 30 min to precipitate 
the DNA. After centrifugation for 15 min the pellet was 
washed twice with 70% (v/v) alcohol and dissolved in 
50 pi of TE buffer. 
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DNA manipulation 

Restriction enzymes and other modifying enzymes were 
purchased from Boehringer Mannheim and New England 
Biolabs. All DNA manipulations were performed under 
standard conditions as described by Maniatis et al.\ 

Southern blotting and hybridization 

The DNA fragments resolved by gel electrophoresis 
were transferred on to charged nylon membrane (Dupont, 
NEN Research Product) by vacuum blotting*^^'^^ using 
Trans-vac, TE 80 (Hoeffer Scientific Instruments), 
depurinated in 0.25 M HCl, and denatured in transfer 
buffer containing 0.4 M NaOH and 0.6 M NaCl and the 
membrane was rinsed in 2 x SSC. 

The blots were pre-hybridized for 30 min at 65 °C and 
hybridized overnight in the same hybridization buffer 
containing heat denatured radiolabelled probe DNA. Blots 
hybridized with radiolabelled probe were washed twice 
in 2xSSC-0.5% SDS (w/v) for 30 min, wrapped in a 
cling film (INTACT, Flexo Film wraps) and exposed 
to X-ray film (Indu Film, Hindustan Photo Films) at 
- 70°C for varying lengths of time in a cassette containing 
an intensifying screen. Autoradiograms were developed 
and fixed by standard procedures. The signals generated 
were visually analysed. 

Subcloning of the TRC4 fragments 

The pTRC4 clone was digested with EcoRl and Pstl 
enzymes. The resulting fragments, EcoRl-Pstl (EP4) and 
Pstl-Pstl (PP4), 1 kb and 1.1 kb respectively in size, 
were separated on agarose gel and purified with GENE 
CLEAN kit (Bio 101 Inc.). The fragments EP4 and PP4 
were subcloned independently into the plasmid vector 
pGEM-4Z which was digested with EcoRl-Pstl and Pstl 
enzymes respectively, and was dephosphorylated with 
calf-intestinal alkaline phosphatase. Ligation was carried 
out at 15°C. The ligated DNA was used for transformation 
of HBlOl competent cells. Ampicillin-resistant colonies 
on the LB-agar plates were screened by colony hybridi¬ 
zation for the presence of DNA sequences which 
hybridized to ^^P labelled pTRC4. The recombinant 
clones were further confirmed by mini plasmid prepa¬ 
ration and restriction digestion with EcoRI and Hindlll 
enzymes and analysis on 0.8% (w/v) agarose gel. 

Sequencing strategy 

The M, tuberculosis fragment in pTRC4 and its sub- 
fragments in pEP4 and pPP4 were independently 
sequenced, directly from each side using primers for 
SP6 and T7 polymerase promoter sequences present in 
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the vector pGEM4Z, using automatic sequencing (Applied 
Biosystems). 

Nucleotide sequence accession number 

The nucleotide sequence of TRC4 has been assigned 
GenBank Accession No. U84405. 

Homology searches 

Sequence data was stored, assembled and analysed using 
various softwares. Homology searches were performed 
using DNasis, BLAST, T-fasta, Prosite and several other ' 
software programs from GenBank and EMBL data bases. 

The DNA sequence was analysed with the GCG 
program provided by the Genetics Computer Group, 
University of Wisconsin. The e-mail servers of NCBI 
running the Blast Program^^ and the FASTA servers 
were also used for sequence comparisons. 

Results 

A genomic library of M. tuberculosis was made in 
pGEM4Z from which clones were selected on the basis 
of their strong signals with ^^P labelled M. tuberculosis 
DNA. From the 10 clones named pTRCl-pTRClO, 
pTRC4 was found to be specific for M. tuberculosis 
complex, and did not cross react with any of the 
nonmycobacterial species and 17 atypical mycobacteria 
tested. The pTRC4 clone has a 2.1 kb mycobacterial 
fragment. This clone, besides its specificity for M. 
tuberculosis complex, has been found to be a repetitive 
element. 

pTRC4 in RFLP studies 

Experiments were carried out initially to find out whether 
the cloned fragment in pTRC4 is a repetitive element. 
M. tuberculosis genomic DNA from clinical isolates was 
restriction digested with combinations of Pstl and Sail 
enzymes and subjected to Southern blot analysis. 
The nick translated pTRC4 DNA, hybridized with mul¬ 
tiple bands in all the clinical isolates. The number and 
size of the bands were similar in all the strains tested. 
All the 150 clinical isolates used for Southern hybridi¬ 
zation studies hybridized with the radiolabelled pTRC4 
clone, and showed similar pattern, except 3 strains 
indicating that this repeat element is less polymorphic 
(Figure 1). To find out the actual number of TRC4 
copies present in the M. tuberculosis genome, an enzyme 
Bglll which does not have site within the clone was 
chosen. The radioactive ^^P-labelled pTRC4 hybridized 
with multiple DNA fragments of a Bglll digest of 
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genomic DNA from standard strains of M. tuberculosis 
H37Rv, M. tuberculosis H37Ra, M. tuberculosis South 
Indian low virulent strain (SILV) and M. bovis BCG. 
Southern blot analysis revealed at least four major bands 
with additional minor bands. All the four standard strains 
tested showed an identical banding pattern (Figure 2 a). 
Similarly, except for one out of 28 clinical isolates of 
M. tuberculosis from South Indian patients, all other 
strains showed an identical banding pattern in Southern 
blot analysis of the Bglll digested genomic DNA. One 
strain showed a shift in the size of the two lower bands 
(1.8 and 1.6 kb) but the number of bands were the 
same. Apart from these four very strong bands, more 
than three minor bands have also been uniformly found 
in all the strains tested (Figure 2 b). 

The two subclones, pEP4 and pPP4 carrying the DNA 
fragment extending from EcoRl to the Pstl site and 
Pstl to the Pstl site which form the left and right half 
respectively of the original clone pTRC4 were used as 
probes to determine the RFLP pattern of 4 standard 
strains as mentioned above. pTRC4 was subcloned as 
pPP4 and pEP4 using the Pstl site in the middle of 
the clone. Southern blot of M. tuberculosis by all the 


3 clones pTRC4, pEP4 and pPP4 revealed that the 
banding pattern was unique to each and some of the 
repeats were imperfect (data not shown). Out of the 
four bands which hybridized with pTRC4, three bands 
were obtained with pEP4 and two bands hybridized 
with pPP4. This hybridization pattern can be ex¬ 
plained by the presence of imperfect repeats as 
shown in Figure 3. Only one Bglll fragment, 
approximately 3.8 kb in size, uniformly lighted up with 
all the three probes. The two bands, of approximately 

3.6 kb and 1.8 kb size, that hybridized with,pEP4 but 
not with pPP4 were relatively weaker in intensity, pro¬ 
bably due to its shorter length. One band approximately 

1.6 kb in size hybridized only with pPP4 and not with 
pEP4. 

The pattern was compared with the DNA patterns 
obtained with the insertion element IS6110 and direct 
repeat probe (DR). For this, the same blots were used 
for hybridization with either labelled IS6110 or labelled 
DR probes. The DR and IS6110 banding patterns differed 
greatly. Interestingly, the TRC4 fragment and DR probe 
identified strains of M. tuberculosis that did not have 
IS6110 copy (data not shown). 



Figure 1. Southern hybridization of '’-P-labelled pTRC4 with Pstl-Sall digested DNA from clinical isolates of M. tuberculosis. Lanes: 1-15, 
M. tuberculosis clinical isolates. 
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Nucleotide sequencing of TRC4 

The nucleotide sequence of this 2.1 kb fragment has 
been deduced and the sequencing strategy has been 
described in the previous section. The entire nucleotide 
sequence of the cloned M. tuberculosis fragment TRC4 
is shown in Figure 4. The G + C content of TRC4 is 
63% which approximates that of the global G + C ratio 
already determined for M. tuberculosis genome'^. 

Homology studies 

A small portion of the TRC4 sequence ranging from 


48 to 76 base pairs showed 68-80% homology to other 
sequences. The ‘T-fasta’ revealed that TRC4 has a 
borderline significant homology with the region in M. 
leprae gene cluster coding for several ribosomal proteins 
and subunits of RNA polymerase. The homologous 
region in M. leprae genome is about 2 kb and this 
region lies between an open reading frame (ORF) 220 
and the rpsL gene. 

The sequence was simply translated into protein se¬ 
quences in all six possible frames, and homology searches 
were performed using ‘T-fasta’ in the GenBank and 
EMBL data bases. There were no significant homologies 
to any known IS or transposon sequences. The ‘T-fasta’ 



Ibigure 2 a, Southern hybridization of ^^-labelled pTRC4 with BglW, digested DNA from .standard strains. Lanes: i, M. tuberculosis H37Rv 
2 M. tuberculosis SILV; 3. At tuberculosis H37Ra; 4, M. bovis BCG. b, RFLP pattern of BgM digested DNA from ciinical isoiates of M. 

tuberculosis using pTRC4 probe. Lanes i to 14, M. tuberculosis clinical isolates. Numbers at the left indicate sizes of the standard DNA 
fragments in kilobase pairs. 
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revealed a borderline significant homology with a region 
of M. leprae gene cluster coding for several ribosomal 
proteins and subunits of RNA polymerase, which has 
the accession No. Z14314 (ref. 14). The homology lies 
in an approximately 2000 bp ‘gap’ between an ORF 
called ORF220 and rpsL gene. The authors did not 
assign an ORF or any other relevant feature to this 
sequence. But TRC4 has a borderline significant simi¬ 
larity to this region of the M. leprae chromosome. It 
is possible that related but not identical elements may 
be present in M. leprae. Nevertheless the features of 
the sequences show it to be a transposable element. 
Further work should confirm this. 

TRC4 sequence position 1211 to 1251 showed less 
significant homology with a locus in an insertion element 
3411 from E. call (GenBank, No. Tn3411, 1992), which 
flanks the citrate utilization determinant of transposon 
Tn3411, and Shigella sonnei insertion sequence IS629. 
‘BLASTN’ revealed few nearly-identical sequences show¬ 
ing homology to M. tuberculosis cosmid Y339 and 
Y210, TBC2, Streptomyces coelicolor gene for metallo¬ 
proteinase and lysR type transcriptional activator, 
Saccharopolispora erythraea ferredoxin {fdxA) gene, 
5' end and mouse mRNA for P-cadherin. Recent searches 
in the GenBank revealed that TRC4 sequence has 97.5% 
identity in a 650 bp overlap to M. tuberculosis cosmid 
clone Y339. The region homologous might code for 
aminotransferase, diacyl pyrophosphatase or cytochrome 
P450. 

The sequence of TRC4 has three major putative ORFs 
(Figure 4). The long ORFl starts with an ATG codon 
at position 427, and ends with a translational stop codon 
TGA at position 799 on the normal strand and might 
encode a protein consisting of 124 amino acids with a 
molecular mass of 13.5 kDa. Upstream to this ATG 
codon, a probable ribosome-binding site, TGGGG extends 
from 413 to 417. The sequence of the putative trans¬ 
lational product did not have homology to any other 
protein in the SWISS PROT Data Bank. 

ORF2 extends from a GTG start codon at position 
481 to TGA stop codon at position 799 (Figure 4) and 
its product would be a protein 106 amino acids long, 
with a molecular mass of 11.6 kDa. Analysis of the 


complementary strand revealed one long ORF3, encoding 
a protein of 103 amino acids from nucleotide 574C 
(GTG) to nucleotide 188C (TGA) with an expected 
molecular mass of 11 kDa, A possible purine-rich Shine- 
Dalgarno sequence GAAGGG from position 598 to 590 
is present upstream to the GTG initiation codon. 

The predicted iso-electric point of the proteins are 
12.15, 12.51 and 10.96. The significance of these three 
ORFs remains to be elucidated. The other observed 
features of the TRC4 sequence are eight direct repeat 
sequences of 9-12 base pair long and seven palindromic 
sequences (Figure 4). Among the various palindromic 
sequences, the GC-rich palindrome which is 14 base 
pair long at position 936 seems to function as a rho 
independent terminator. The special feature of this 
sequence is that there are seven inverted repeats of 14 
base pair long with 2 mismatches (Table 1). The shortest 
inverted repeat has 4 base pair target site duplication 
(Figure 4), Homology studies implicate a probable 
important role for these inverted repeats as discussed 
below. 

Unique feature of TRC4 sequence 

Subsequent sequence analysis of the cloned fragment 
revealed that among the 35 homologous sequences from 
GenBank, the trend has been that the initial region 
encompassing 1-500 bases and the distal region encom¬ 
passing 1500-2126 bases of the TRC4 sequence show 
homology to several proteins mainly metalloproteinases 
and enzymes using metals as cofactor. The central part 
of the sequence does not show homology to any of the 
known protein except an activator/sigma factor. One 
striking feature is that most of the inverted repeats of 
TRC4 are located between 400 bp and 1500 bp. These 
inverted repeats seem to bracket putative promoter-like 
sequences. 

TRC4 in diagnosis 

From the deduced sequence of TRC4 which is 2.126 
kb several primers were designed and optimized for 


Bglll 


Bglll 


Bglll 


Bglll 


PslI 


Bgin 


Bglll 



genome. The four different fragments, sized 3.8 kb, 3.6 kb, 1.8 kb and 

.QJIM Sequence hybridizing with 3.8 kb fragment; 11^3 Sequence hybridizing with 3.6 and 1.8 kb 
fragments, Sequence hybridizing with 1.6 kb fragment. j e 
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Figure 4. Nucleotide sequence of the 2.126 kb TRC4 DNA. The longest open reading frames (ORFs) are marked as ORF 1, ORF 2 and ORF 3. *Start codon (ATG & GTG), stop codon 
(TGA). The potential RBS are in bold and boxed. The eight direct repeats (DRl to DR8) are underlined. Potential promoter hexamers (-35 and -10 sequences) are in bold italics. Palindromic 
sequences are doubly underlined. 
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Figure 5. Slot blot hybridization of 658 bp PCR product with total 
DNA from various organisms. Slots: 1, M. tuberculosis (1 jig); 2, M. 
thermoresistible; 3, M. gastri] 4, M, dieonhaferri', 5, M. gordonae'y 6, 
M. flavescens\ 7, M. scrofulaceum; 8, M. terrae\ 9, M. fortidtum; 10, 
M. smegmatiSy 11, M. vaccae\ 12, M. aviwn-intracellulare; 13, M. 
chelonae abscesses'^ 14, M. chelanae chelone’, 15, M. phlei'y 16, M. 
simiae'y 17, M. chitae', 18, M. microti] 19, M, bovis] 20, M. auriim] 
21, E. coli; 22, Human; 23, M. tuberculosis (1 |Xg); 24, M. tuberculosis 
(200 ng). The probe DNA was labelled with fluorescein-HRP conjugate 


using ECL-random-prime-labelling 
International, UK). 


Table 1, Inverted repeats of TRC4 


No. 

Sequence 

Position 

1 

5'-TCGTGGTGCACACG-3' 

3'-TCGCGGTCCACACG-5^ 

466, 1136c 

2 

5'-GCGGGCGGAAAATC - 3' 
3'-AGGGGCGGAGAATC-5' 

520, 544c 

3 

5'-TCGCAGGCCGCCAA-3' 

3 '-TCGCAAGCCGCCGA- 5' 

911, 1560c 

4 

5'-CATCGTCGACCTGA-3' 

3'-CGTCGTCGAGGCGA-5' 

968, 1217c 

5 

5'-GGTGATCGACGGAA-3' 

3GGTGAT AGACGGAT - 5' 

1149, 1182c 

6 

5"-CGCTGAGGCCGGCA-3' 

3AGCCGAGGCCGGCA- 5' 

1799, 2005c 

7 

5'-CGCGCGGCGCCGCC-3' 

3CGTGCGGGCCCGCC - 5 ^ 

29, 1823c 


PCR to detect M. tuberculosis from clinical specimens. 
Evaluation is being carried out and the results will be 
reported shortly. One set of primers yielding a PCR 


and detection system (Amersham 

product of 658 bp was radiolabelled. This was used for 
hybridization with the DNA from various atypical 
mycobacteria and M, tuberculosis to confirm the speci¬ 
ficity. Figure 5 shows that this product is absolutely 
specific for M. tuberculosis complex. 


Discussion 

An insertion-like element TRC4 was found in M. 
tuberculosis. It is 2126 bp long with three putative ORFs, 
several direct repeats and seven inverted repeats of 14 
bp long with two mismatches. Southern blot analysis 
showed that it is a repeat element with a low degree 
of polymorphism and is conserved among the various 
clinical isolates of M. tuberculosis and specific for M. 
tuberculosis complex. Among the four bands lighting 
up in the Southern blots (using BgJll enzyme) two 
hybridization bands with weaker intensity could be due 
to the presence of partial copies of TRC4 sequence 
(Figure 3). 
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This repeat element is an ideal target for polymerase 
chain reaction to identify M tuberculosis from clinical 
specimens including extrapulmonary tuberculosis, espe¬ 
cially to detect strains carrying no copy of IS6110 (ref. 
15), Several primer pairs have been designed and are 
being evaluated on a large scale with clinical specimens. 
Homology studies of DNA and protein sequences indicate 
that TRC4 is not related to any known IS elements 
except the insertion sequences of E coll and Shigella 
sonneii with which it shows partial homology. The 
absence of any large nucleotide sequence identities be¬ 
tween TRC4 and other characterized prokaryotic IS 
element classifies TRC4 as a new genetic element. The 
structural features qualify TRC4 as an insertion element 
which has seven inverted repeats, one of them generating 
a 4 bp target site duplication on integration. 

Repetitive elements can act as agents of chromosomal 
rearrangement. As regions of portable homology, inser¬ 
tion elements can also be substrates for host recombi- 
native pathways, giving rise to large scale deletions, 
duplications and inversions^ Thus, IS elements can 
promote rearrangements of genomes or replicons. Such 
a recombination event could be either recA and recBC 
dependent or independent^ 

‘T-fasta’ search revealed that among various other 
minor homologies, there is a borderline significant 
homology with RNA polymerase (rboB) gene of M. 
leprae at the indicated location. It will be interesting 
to explore whether this region of M, leprae also has 
related insertion element-like features’I 

The trend of the homology to known proteins is 
restricted to the initial and distal ends of the fragment 
ranging from 1 to 500 bp and 1200 to 2126 bp. The 
region between 600 and 1200 does not show much 
homology to known proteins except an activator and 
sigma factor. This simulates certain sequence elements 
of lambda phage reported to mediate recombination 
events. When the promoter of a gene is bracketed by 
inverted repeats, its orientation can be changed by 
recombination (inversion) between the repeats resulting 
in the reversible alteration of the ‘on’ and ‘off stages 
of gene expression‘^ It is not known if the complex 
rearrangement mediated by inverted repeats in phages 
and plasmids also occurs in the chromosomes of cells. 
Such events have been reported to occur in Leishmania 
chromosome‘s. 

To gain further insight into this interpretation, a series 
of future experiments have to be pursued. The initial 
and distal fragments of TRC4 would be subcioned in 
expression vectors to characterize the gene. The putative 
promoter sequences would also be confirmed by using 
primer extension studies. Further experiments have to 
be designed to confirm the role of inverted repeats. 


The seven inverted repeats and their location bracketing 
the promoter-like sequences implicate the proteins coded 
by this sequence to play an important role in the 
metabolism of the organism and consequently in the 
pathogenesis of the disease. This also implicates that 
this fragment lies in the essential region of the genome. 
Elucidation of the role of such elements in the evolu¬ 
tionary process may provide valuable information on 
pathogenicity and this should be encouraged. 
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Cloning and crystallographic analysis of 
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The cDNA encoding the human carbonic anhydrase I 
(hCAI) gene was prepared using a specific primer and 
total mRNA extracted from human erythroleukaemia 
(HEL) cell line. The cDNA was amplified by PCR and 
was cloned into the expression vector pET-3a, Nucleo¬ 
tide sequencing of the cloned gene showed the following 
amino acid changes: Val31Ile and Val218Ala5 when 
compared to erythrocyte hCAI sequence. The gene was 
induced by IPTG, and the protein purified by affinity 
column chromatography was found to be as active as 
erythrocyte human carbonic anhydrase I (eHCAI). 
N-terminal amino acid sequencing of the purified 
protein revealed that two methionines at the N-termi- 
nus have not been cleaved off by processing in E, coli. 
The recombinant human carbonic anhydrase I (rHC AI) 
has been crystallized for the first time. These crystals 
belong to the trigonal space group P3j2 1 with unit cell 
dimensions ota=b = 120.2 A, and c = 88.8 A. The crys¬ 
tals contain two molecules in their asymmetric unit. 
Diffraction data to 2.2 A resolution has been collected 
using an imaging plate diffractometer. The structure 
has been determined by the molecular replacement 
method. The overall folding of the rHCAI is similar 
to that of native eHCAI, the RMSD for the super¬ 
position of 254 atom pairs being 0.54 A. In contrast 
to orthorhombic crystals of eHCAI, crystals of rHCAI 
are extremely sensitive to X-rays. 


Carbonic anhydrase (E.C. 4.2. 1.1; carbonate hydro-lyase) 
is a monomeric zinc metalloenzyme which catalyses the 
reversible hydration of CO 2 (refs 1-3), the hydration of 
aldehydes"^ and the hydrolysis of esters^’^ The enzyme 
is nearly ubiquitous in living systems, playing a large 
role in animal and plant metabolism^. There are seven 
distinct isoenzymes CAI to CAVII found in humans, 
and all are single polypeptide chains of length ranging 
from 259 to 294 amino acidsl Human erythrocyte 
carbonic anhydrase II (HCAII) is one of the most 
efficient catalysts known with a maximal turnover number 
for CO 2 hydration of about 10^ s"^ at pH 9.0 and 25®C. 
Human carbonic anhydrase I (HCAI), also present in 
erythrocytes, is about five times less efficient with a 
maximal CO 2 hydration rate of about 2 x 10^ s“^ It has been 
generally accepted that the catalysed hydration of CO 2 
involves two half reactions, as shown in eqs (1) and (2)^: 


E-Zn-OH + CO2 <=4> E-Zn-HCO^ 

4=>E-Zn-H20 + HC0-, (1) 

E-Zn-H20 <=> E-Zn-OH“ -h (2) 

The structure, activity and inhibitory properties of car¬ 
bonic anhydrases have been extensively studied'"^. The 
crystal structure of HCAII isoenzyme was the first one 
to be solved'"'^', followed by those of HCAT^, bovine 
carbonic anhydrase III (BCAIII)^^, and Indian buffalo 
CAII^"^. The single chain ‘sail boat’ shaped molecule 
has approximate dimensions of 41x41x47A^. The 
enzyme active site is a funnel-shaped cavity, about 12 A 
wide at the entrance and 12 A deep. The zinc ion 
situated at the bottom of the cavity is coordinated to 
three histidine ligands, His 94, His 96, His 119, and also 
to a solvent molecule (water or hydroxide ion) which 
is involved in a hydrogen bond network through Thr 
199, Glul06, Tyr7, His 64, His 67 and His 200 (refs 
15-17). His 119 is also part of another^ hydrogen bond 
network that involves several other residues: Glu 117, 
His 107, Tyr 194, Ser29, and Trp 209, as well as amide 
nitrogens N 106 and N 208 (ref. 12). Kannan et 
and Kannan'^ had proposed that Thr 199 and Glu 106 
along with Tyr 7, His 64, His 67, and His 200 would be 
important active site residues for the function of the 
enzyme. We have undertaken cloning^*^, site-directed 
mutagenesis^'^ and crystallographic investigation of HCAI 
to understand the relative importance of these residues 
in the proposed mechanism. Here we report the cloning 
and preliminary crystallographic analysis of the recom¬ 
binant human carbonic anhydrase I (rHCAI). 

Experimental procedures 

Materials 

Culture of HEL cell line (No. 92.1.7) was obtained 
from National Centre for Cell Science, Department of 
Biotechnology, Pune, India. Restriction endonucleases, 
T4 polynucleotide kinase, T4 DNA ligase were from 
New England Biolabs, USA and Bangalore Genei Pvt 
Ltd, India. T4 DNA polymerase, bacterial alkaline phos¬ 
phatase, cDNA synthesis system plus, and Sequenase™ 
PCR product sequencing kit, were from Amersham 
International pic, England. Taq DNA polymerase was 
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from Boehringer Mannheim and Bangalore Genei Pvt 
Ltd, India, Isopropylthio-yff-D-galactoside (IPTG) was 
either from Bangalore Genei Pvt Ltd, India or from 
Sisco Research Laboratory, India. Growth media were 
from Difco Laboratory USA. [a-^^S]dATP was from 
Board of Radiation, Department of Atomic Energy, 
Mumbai, India. All other chemicals were of the highest 
purity available from commercial sources, and were used 
without further purification. Storage and reaction con¬ 
ditions were maintained according to the manufacturer’s 
instructions. Oligonucleotides required for this work were 
synthesized in our Centre by Pharmacia LKB Gene 
Assembler Plus. 

Cloning 

The cloning procedure is briefly reported here. The total 
mRNA was prepared from cultured HEL cells. From 
this the cDNA encoding hCAI was prepared using 
reverse transcriptase and the primer specific to 3' end 
of the hCAI gene^^\ The gene was amplified in a thermal 
cycler for 25 cycles using two specific primers prSKM-1 
(5'--ATCGTCCA1ATQATGGCAAGTCCAGAC--3', un¬ 
derlined is the Ndel recognition site) and prSKM-2 
(5'~ATCGGAI££TCATTAAAATGAAGCTCTCAC--3', 
underlined is the BamKl recognition site). The 5' end 
of the amplified cDNA had an extra translation start 
codon (ATG) preceding the usual start codon (ATG) 
arising from the Ndel restriction site of the upstream 
primer prSKM-1. The downstream primer prSKM-2 was 
designed in such a way that in the amplified cDNA, 
the native stop codon TGA would be replaced by the 
stop codon TAA which is known to be used 10 times 
more frequently in E. colF. This cDNA was first cloned 
into pUC-19 vector by blunt end ligation and was then 
sub-cloned at the Ndel-Barnldl sites of the expression 
vector pET-3a. This construct, named pAKM, was trans¬ 
formed with the E. coli strain BL21(DE3)pLysS (ref. 
22), The gene was sequenced by the dideoxy chain 
termination method of Sanger et alP with a Sequenase 
PCR product sequencing kit and [a-^^S]dATP (600 ci 
mmoT’). The nucleotide sequence was read either from 
the autoradiograph or from the screen of a computer 
controlled phosphorimager. 

Expression and purification of the protein' 

The E. coli strain BL21(DE3)pLysS containing the plas¬ 
mid pAKM was grown in a lab-line high density fer- 
mentor (Lab-line Instruments, Inc) at 37'^C in 4 liters 
of 2X LB (Bacto tryptone 20 g/liter, Bacto yeast extract 
lOg/liter, sodium chloride 10 g/per liter, pH 7.4) sup¬ 
plemented with 0.5 X M9 salts^"^, 0.4% glycerol, 
100|ig/ml ampicillin and 34 |Lig/ml of chloramphenicol. 
After ODg(j^ of the culture reached around 0.8 the protein 


was induced at room temperature by addition of IPTG 
and ZnSO^ to final concentrations of 0.4 mM and 1 mM 
respectively. Cells were harvested after 4 h by centrifu¬ 
gation and frozen at -20°C. Sixty grams of the frozen 
cells, obtained from 3x4 liters of pooled culture was 
suspended in 1 liter of lysis buffer containing 50 mM 
Tris-HCl, pH 8.0, 50 mM NaCl, 5 mM EDTA, 1 mM 
dithiothreitol (DTT), 1 mM phenylmethylsulfonyl fluoride 
(PMSF), 0.4 mg/ml lysozyme, 0.01 mg/ml DNAase, 10 
mM MgCl 2 , and incubated on ice for 2 h. After a brief 
sonication the cell suspension was centrifuged at 6,000 
rpm for 1 h in GS3 rotor to remove cell debris. The 
supernatant was taken out carefully and the proteins 
were precipitated by adding ammonium sulphate to 80% 
saturation. The protein precipitate was pelleted by cen¬ 
trifugation and the pellet was first dissolved in 300 ml 
of 50 mM Tris-S 04 pH 7.5 and then dialysed for 24 h 
against 10 liters of 50 raM Tris-SO^ pH 7.5 to remove 
the salts. From this crude lysate the carbonic anhydrase 
I was purified by affinity chromatography using p-ami- 
nomethyl benzenesulfonamide coupled to agarose (Sigma, 
USA). The crude lysate was first diluted to 2 mg/ml 
with 0.75 M Tris-SO^ pH 7.5 (buffer A) and then loaded 
on to a affinity column pre-equilibrated with buffer A. 
The column was washed with buffer A till there was 
no absorption at 280 nm. The protein was eluted with 
buffer A supplemented with 0.2 M KI (buffer B) using 
the procedure developed for erythrocyte human carbonic 
anhydrase I (eHCAI)^^. The purity of the eluted protein 
was determined by SDS-polyacrylamide gel electro¬ 
phoresis. The protein was concentrated using Amicon 
concentrator and dialysed extensively against Tris-HCl 
pH 9.2 to remove bound KI and then against Tris-HCl 
pH 7.6. The activity of the purified protein was deter¬ 
mined spectrophotometrically in 0.05 M Tris-HCl pH 
7.6 at 25°C from the rate of hydrolysis of 0.4 mM 
p-nitrophenyl acetate^^ dissolved in distilled acetone by 
following the absorbance at 400 nm. 

Crystallization and molecular replacement 

Crystallization was attempted by the seeding procedure 
of Kannan et al?^ in thick walled glass capillaries using 
crystals of eHCAI as seeds. However, even after more 
than four weeks, which is twice the normal time required 
for getting crystals of eHCAI, no crystals of rHCAI 
could be seen. Crystallization was then attempted by 
the hanging drop vapour diffusion method, and without 
seeding^l Drops formed on siliconized glass cover slip 
by mixing 5 |ll1 of protein solution (30 mg/ml) in 50 mM 
Tris-HCl, pH 7.5, and 5 p.1 of reservoir solution (2.0 M 
to 2.5 M ammonium sulphate in 50 mM Tris-HCl, pH 
7.5 to 8,7) were allowed to equilibrate against 1 ml of 
the reservoir solution. Crystals were observed after 60 
days in the droplet containing 2.2 M ammonium sulphate 
in 50 mM Tris-HCl pH 7.5, and were of size 
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0.5 X 0.4 X 0.3 mm^ The diffraction data were collected 
as 1° oscillation frames, each for an exposure time of 
30 rain using a RAXIS IIC imaging plate diffractometer 
mounted on a RU200HB X-ray generator run at 50 kV 
and 100 mA. The crystal to film distance was 100 mm. 
The data were processed using DENZO^^ and 
SCALEPACK^^ suite of programs implemented on a 
Silicon Graphics workstation. Molecular replacement cal¬ 
culations were performed with the standalone program 
suite AMoRe^^^ The refined eHCAI structure was used 
as the search model. Electron density maps were com¬ 
puted using the software package XPLOR^' and were 
examined on a graphics work station using computer 
programs PHANTOM^^ and O (ref. 33). 

Results and discussion 

Sequencing of the cloned genes from three independent 
colonies showed that there were two variants of rHCAI 
gene. In the first variant (pAKM-1) the codons corre¬ 
sponding to position 31 and 218 were found to be ATT 
and GCC, which code for amino acids He and Ala 
respectively. In the second variant (pAKM-2) the codons 
at these, positions were GTT and GTC, both coding for 
the amino acid residues Val, similar to the reported 
sequence of erythrocyte hCAf^. In addition, in all the 


three clones the following silent nucleotide substitutions 
were observed: CAA corresponding to the residue Gin 28 
in erythrocyte hCAP^^ is found to be altered to CAG 
in cloned hCAI, TCT corresponding to the residue Ser 65 
to TCC, and TTT corresponding to the residue Phe 93 
to TTC. It is not clear whether these changes are 
suggestive of naturally occurring polymorphism in the 
hCAI gene in the cell line used, or had been introduced 
during the PCR amplification. However, the latter pos¬ 
sibility appears less likely in view of the fact that all 
the three sequenced clones had the same codons at 
positions corresponding the residues Gin 28, Ser 65 and 
Phe 93. It is interesting that in the case of human 
carbonic anhydrase III (HCAIII) Val/Ile polymorphism^"^ 
has been reported at the amino acid residue which aligns 
with residue 31 of HCAI. Also, carbonic anhydrase I 
enzyme from ox and turtle contains He at position 31. 
Our following discussion refers to the protein product 
from the plasmid pAKM-1 having He at position 31 
and Ala at position 218. The plasmid pAKM-1 expressed 
well in BL21(DE3)pLysS cells and produced carbonic 
anhydrase I in large quantities as seen from SDS- 
polyacrylamide gel electrophoresis (Figure 1). However 
only 20% to 30% of the carbonic anhydrase present in 
the cell extract was found to bind to the affinity material, 
even though the total protein loaded was much less 


1 2 3 4 5 6 7 8 9 10 11 12 13 


kDa 



Figure 1. SDS-polyacrylamidc gel cleclrophorcsis of proteins stained with Coomassie Brilliant 
Blue. Lane 1: Molecular weight markers in kDa: (66, 45, 36, 29, 24, 20.1); Lanes 2-8: extracts 
of BL21(DE3)pLysS cells containing pAKM-l after induction for Oh, 1 h, 2 h, 3 h, 4 h, 5h and 
6 h respectively; Lanes 9 and 10: extracts of BL21(DE3)pLysS with pET-3a after induction for 0 
li and 3 h; Lanes 11 and 12: extracts of BL2l(DE3)pLysS alone after induction for Oh and 3 h. 
In lane 12 excess extract was loaded; Lane 13: purified iHCAl protein. 
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Figure 2. (2IFol - IFcl)a, map contoured at 1,0 a level. The model used to calculate phases a was that output by 
AMoRe, and without crystallographic refinement: a. Position 218 in the sequence. This residue is Ala in rHCAI 
as marked. The residue in eHCAI is Val and is drawn in to show absence of density beyond b. Position 31 
in the sequence. The changed residue lie is drawn in to show that it fits into the density. ^ 
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Table 1. Molecular replacement: Translation function results (only solutions giving best values of 
correlation coefficient and /?-factor have been listed) 


Rotation solution 


Space 

group 

n-body 

(n) 

L 

L 

T 

Correlation 

coefficient 

i?-factor 

(%) 

a (°) 

p (°) 

y D 

SI: 119.6 

46.3 

106.5 

P3^2 1 

1 

0.5651 

0.7053 

0.8534 

0.299 

45.4 

S2: 77.5 

57.1 

7.9 

P3^2 1 

1 

0.5904 

0.7927 

0.2986 

0.309 

45.5 

S1 + S2 




2 




0.660 

32.1 

SI: 119.4 

46.5 

106.3 

P322 1 

1 

0.5644 

0.4938 

0.0190 

0.165 

49.7 

S2: 78.6 

56.4 

7.9 

P322 1 

1 

0.3225 

0.7915 

0.1313 

0.148 

50.0 

S14-S2 




2 




0.239 

47.1 

SI: -0.3 

45.6 

106.6 

P3i2 1 

1 

0,1417 

0.4364 

0.0187 

0.219 

46.5 

S2: 78.4 

59.1 

7.3 

P3^2 1 

1 

0.5890 

0.7924 

0.7958 

0.175 

48.2 

S3: 102.4 

84.9 

321.5 

P3j2 1 

1 

0.8433 

0.6173 

0.9141 

0.161 

48.5 

S1 + S2 + S3 




3 




0.419 

40.1 

SI: 119.4 

46.8 

106.4 

P322 1 

1 

0.5638 

0.4431 

0.0196 

0.165 

49.7 

S2: 77.9 

56.5 

8.8 

P322 1 

1 

0.3253 

0.7920 

0.1318 

0.148 

50.0 

S3: 33.3 

43.1 

148.3 

P322 1 

1 

0.3213 

-0.0002 

0.5502 

0.108 

51.6 

S1+S2 + S3 




3 




0.299 

45.7 



Figure 3. superposition of rHCAI (pink) at the current stage of 
refinement and eHCAI (yellow). The RMSD for 254 atom pairs 
superposed is 0.54 A, The deviation is more only in the loop regions. 
Zinc ion is shown in green. 

than the binding capacity of the affinity material. This 
observation suggests that only a fraction of the recom¬ 
binant carbonic anhydrase may have been properly folded 
in the cell, probably due to the overexpression of the 
foreign gene in E. coli. Misfolding and formation of 
inclusion bodies in E. coli by overexpressed foreign 
proteins is a well-known phenomenon^^’^^ Specific 
activity of the affinity purified protein was determined, 
and the protein was found to be as active as the wild 
type eHCAI protein. The N-terminal amino acid sequence 
of the purified protein, determined by automated amino 
acid sequencer, showed two Met’s at the N-terminus, 
consistent with the sequence deduced from the cDNA 
sequence. The non-removal of the Met residue from the 
N-terminus of the protein by post-translational processing 


' in E. coli, is probably due to the presence of a bulky 
Met residue next to the N-terminal Met residue^^ 

Diffraction data processing and scaling established 
that crystals of rHCAI are trigonal, a = b- 120.2 A, and 
c = 88.8A with space group symmetry of P3j21 or 
P322 1. It is interesting that under similar conditions of 
crystallization, crystals of eHCAI are orthorhombic. 
Incidentally, this is the first successful report of carbonic 
anhydrase I crystals grown by the vapour diffusion 
method, and without seeding. This is also the first time 
that a recombinant HCAI has been crystallized. Unlike 
the reported crystals of eHCAI, crystals of rHCAI were 
found to be extremely sensitive to X-rays. The diffraction 
pattern which extended to 1.8 A resolution initially, 
faded beyond 3.0 A resolution within 5 h of exposure 
to X-rays. Radiation damage to the crystals appeared 
to be minimal for the first 12 frames. Scaling together 
of these frames yielded 64% of diffraction data to 2.2 A 
resolution. Scaling of the first 30 frames yielded 98% 
of 2.9 A data, with an of 12% on intensities. For 
a molecular weight of the protein of 29,000 Daltons, 
the volume per unit mass, is either 3.11 A^/Dalton 
or 2,11 AVOalton depending on whether the number of 
molecules in the asymmetric unit is assumed to be two 
or three. Both these values are within the reported range 
of values of for protein crystals^^, and correspond 
to solvent contents of 60% and 41% respectively. The 
ambiguities regarding the space group symmetry and 
the number of molecules in the asymmetric unit were 
resolved through molecular replacement calculations. 

Diffraction data between d-spacings of 8 and 3.5 A 
were used in molecular replacement calculations. The 
first two cross rotation peaks were of height 12.4 a 
(solution SI) and 10.8 a (solution S2) respectively and 
the next cross rotation peak was of height 6.8 a (solution 
S3), where a is the r.m.s.d of the cross rotation function 
map. Probable positions of the molecules in the unit 
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cell for each one of the cross rotation peaks were 
explored in the two enantiomorphic space groups P3j2 1 
and P322 1, by «-body translation function calculations. 
The results are summarized in Table 1. As may be seen 
from the table, the highest correlation coefficient and 
lowest J?-factor are obtained when the space group 
symmetry of the crystals is P3,2 1 and the number of 
molecules in the asymmetric unit is two. The two 
molecules in the asymmetric unit are related by a pure 
rotation of 127°, rather than of 180°. Figures 2 a and 
2 b show regions of (2IFol - lFcl)a^ maps calculated 
before any further refinement of the molecular replace¬ 
ment solution was carried out. The regions chosen 
correspond to amino acid residues at positions 31 and 
218 in the sequence. In the wild type enzyme amino 
acid residues at these two positions are Val’s, whereas 
in the recombinant enzyme they are found, by cDNA 
sequencing, to be substituted by He and Ala respectively 
(see above). This change of sequence is also indicated 
by the electron density maps. It is clear from Figure 
2 a that the and atoms of the native Val at 
position 218 are clearly outside electron density. On the 
other hand, there is extra density at position 31 into 
which an He residue can be fitted nicely as shown in 
Figure 2 b. Crystallographic refinement is being carried 
out using the program package XPLOR, and currently 
the i?“factor is 22% for data up to 3 A resolution. In 
Figure 3, overall folding of this partially refined rHCAI 
is compared with the fold of eHCAL The r.m.s deviation 
for the superposition of 254 atom pairs is 0.54 A. 
The deviation between the two structures is higher in 
the loop regions, as might be expected. Even though 
the gross conformation of rHCAI is very similar to that 
of eHCAI, the differences in crystal packing could have 
led to the differences in intermolecular interactions. It 
would also be of interest to examine what local con¬ 
formational changes have been caused by the mutations, 
V31I and V218A. Refinement of the structure is currently 
under progress. 
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Global monitoring of radiocarbon in atmospheric CO 2 
began during the mid fifties to determine the time 
scales of exchange of radiocarbon (and CO 2 ) between 
the atmosphere and other terrestrial reservoirs. The 
distribution of natural radiocarbon in the environment 
was perturbed significantly during the 1960s through 
injection of from nuclear weapon tests. This 
‘bomb has proved to be an excellent tracer to 
characterize and quantify CO 2 exchange between vari¬ 
ous reservoirs. We have measured radiocarbon 
activity of marine air over the central and eastern 
Arabian sea during 1993-95. The mean values 
are 121 ± 6, 116 ± 6 and 105 ± 5%c respectively for 
these three years. These values, in conjunction with 
those reported in the literature for troposphere for 
the decades of 60s through 80s, show that the 
activity in the tropospheric air has been decreasing 
exponentially with an e-folding time of ~ 16 years. 

Cosmic ray-produced carbon-14 (half life = 5730 yr) is 
one of the commonly used geochronometers for dating 
events of the late Pleistocene^'". Its production by the 
interaction of neutrons with atmospheric and its 
distribution among the various reservoirs of the earth, 
oceans, biosphere and atmosphere, is fairly well 
known*'^"^. It has been used successfully to determine 
the time scales of exchange of carbon between various 
earth surface reservoirs^"^ However, nuclear weapon 
tests'^, conducted during the late fifties and early sixties, 
resulted in the injection of considerable amounts of 
into the environment which increased its inventory in 
the atmosphere by about factor of two^"^^. Though this 
has significantly perturbed the steady-state distribution 
of natural radiocarbon (i.e, cosmic ray produced) in the 
environment, it provided an additional means to assess 
more precisely the time scales of various processes 
associated with carbon exchange. The bomb radiocarbon 
activity in the atmosphere has been decreasing with time 
because of its exchange with other reservoirs. The meas¬ 
urements of atmospheric activity, begun in the early 
1950s (ref, 13) have continued, at some location or the 
other over globe, during the past four decades. These 
measurements have provided valuable data on the rates 
of COj exchange among various reservoirs^'"^. In India, 
atmospheric measurements were made at a few 
stations, Gulmarg (34°N), Bombay (19°N) and Kodai- 
kanal (~ 10°N) during 1963 and 1964 (ref. 8). As a 
part of our programme on studies of water circulation 
in seas around India using '"^C, atmospheric air was also 
sampled during the cruises, to measure its activity, 
the results of which are reported in this paper. 


Atmospheric CO 2 samples were collected during three 
cruises, SK-83 in 1993 on board ORV Sagar Kanya, 
and in 1994 and 1995 on board FORV Sagar Sampada 
(see Figure 1 for sampling locations). All the three 
cruises were conducted during January-May. Atmos¬ 
pheric air was purged at the rate of 4-61/min through 
two 500 ml plastic bottles, each containing 250 ml of 
2 N NaOH, using a small greaseless and oil-free air 
compressor when the ship was cruising. The NaOH 
solutions were sealed and brought to the laboratory and 
processed for their activity. The measurements were 
made within ~ 1 yr of collection. Typically 2-6 litres 
of CO 2 was recovered from each sample. A blank run 
of 250 ml of 2N NaOH stored in the same type of 
sampling bottles for a period of one year, yielded 10 ml 
CO 2 , which is <0.5% of the sample volume. The CO 2 
was converted to benzene following conventional pro¬ 
cedures using a TASK benzene synthesizer. The 
activity in the benzene sample was analysed using a 
Packard Liquid Scintillation Counting System''^. The 
system has a background count rate of 1.15 + 0.01 counts 
per minute (cpm)^"^. This compares with sample count 
rates which ranged from 8.3 to 21.2 cpm. A small aliquot 
of the liberated CO 2 was used for measurements^^ 
The values, in the trapped COj ranged between 
-8.0 and -18.0%o, similar to or lower than that in 
atmospheric CO 2 (-7.7 to -9.6%o)^^. The lower values 
are suggestive of fractionation during the trapping pro¬ 
cess, Some of the earlier measurements, which were 
based on trapping of CO 2 in Ba(OH )2 and NaOH solutions 
kept in open trays^"*^ had also recorded similar low 
values. The values (Table 1) are calculated 
from the measured and activity based on 

standard equations 


50*E 55* 60* 65* 70* 75* 8CfE 



Figure 1. Cruise tracks in the Arabian Sea where CO 2 sampling of 
air over sea surface was done. Some of the stations occupied during 
SS-132 (open circles) and SS-117 (solid triangles) overlap. The sampling 
was done during 1993-95 (Table 1). 
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The locations of the samples along with their (5^^C 
and data are given in Table L The values 
of COj in the air mass over the central and eastern 
Arabian Sea varied between 92%o and 135%o. The four 
samples collected during SK-83 from very close locations 
(Figure 1) have yielded A^'^C values which are in excellent 
agreement with each other, attesting to the reliability 
of the sampling procedures and measurements. The range 
in the A^'^C values, 104 to 135%o during SS-117 and 
92 to 122%o during SS-132 (Table 1) was significantly 
more than the typical uncertainties in the measurements 
(~ 6%o), The cause for this scatter is unclear, but may 
arise from variations in the mixing proportions of dif¬ 
ferent sources of CO^. It is interesting to note that the 
lowest value measured, viz. 92 ± l%o was in the sample 
A4 collected during the second week of May 1995 
(Table 1), when strong premonsoonal winds prevailed 
and the sea state was at 6. Studies of geopotential 
anomaly^^ in the south-west coast of India (south of 
10°N) show that up welling in this region starts by 
March, intensifies through May-June and decays by 
July. It is possible that upwelling which brings to surface 
cooler deeper waters with higher ICO 2 and lower A'^^C 
may liberate CO^ to the atmosphere, diluting the atmos¬ 
pheric A^'^C. Rough calculation suggests that for a two- 
end member mixing, atmospheric CO 2 with A^'^C ~ 110%o 
and oceanic CO 2 (upwelled from 200 m depth) with A^'^C 
-Woo, the fraction of oceanic CO 2 in the A4 sample 
would be - 15%. Earlier work^ on A^'^C in atmospheric 
samples from the coastal station of Bombay showed 
that during August, A^'^C values were 641 and 657%o, 
about 100-150%o lower compared to samples collected 


during November 1963 and 1964. Rozanski et al?^ have 
recently reported A^'^C values as low as 90%o during 
Aug-Nov. 1992 at the high altitude (~ 3000 m amsl) 
coastal equatorial Pacific station, Aychapicho in Equador. 
These low values have been attributed to upwelling 
located in the eastern equatorial Pacific. The above 
hypothesis, though can be a likely explanation for the 
low A^'^C of the A4 sample, the observation that during 
SK-83 sampling conducted during approximately the 
same time period as SS-132 (Table 1), did not have 
such low values, requires that the upwelling effects have 
to be very localized and time specific. Many more 
measurements are needed to validate this hypothesis and 
assess the role of upwelling in contributing to A^'^C 
variations in the Arabian sea marine atmosphere. 

The mean (arithmetic) A^'^C measured in this study is 
plotted in Figure 2 (adapted from ref. 21), assuming 
that they represent the annual values for the years 
1993-95. Figure 2 represents the temporal variation in 
atmospheric since 1954 (refs 10, 22-27). The meas¬ 
urements during 1954 are prenuclear A^'^C values, which 
increased to ~ 1000%o in the northern hemispheric tro¬ 
posphere and ~660%o in its southern counterpart due to 
injection of by nuclear weapon tests conducted in 
the northern hemisphere between 1958 and 1963 (Figure 
2). The measurements of tropospheric CO 2 from 
various locations, including those of the present study, 
show a steady decrease that appears exponential (Figure 
2). The minor perturbations in the exponentially 
decreasing trend of activity are a result of small 
scale nuclear weapon testings^^. The decrease in the 
atmospheric bomb results from its exchange with 


Table 1. in surface air over the Arabian Sea 


Sample 

code 

Location 

(5i^C 

(%») 

A^C 

(%o) 

From 

To 

Cruise SK-83 (April-May 1993) 




83/Al 

Goa 

12°30'N 67“E 


124 ±6 

83/A2 

12°30'N 67°E 

13°N 68“E 

-15.1 

119±5 

83/A3 

13°N 68°E 

12°30'N 69°30'E 

-15.3 

119±5 

83/A4 

13°N 68°E 

12°30'N 69°30'E 


121 ±8 




Mean = 

121 ±6t 

Cruise SS-117 (January-February 1994) 



117/Al 

Cochin 

8°2'N 73°E 


104 ±5 

117/A2 

go2'N 73°E 

12°58'N 64°49'E 

-16.4 

135 ±5 

117/A3 

12°58^N 64“49'E 

12°49'N 7r37'E 

-14.6 

109 ±6 




Mean = 

116±6+ 

Cruise SS-132 (April-May 1995) 




132/Al 

Cochin 

12°58'N 64°29'E 

-11.5 

101+5 

132/A2 

12°58'N 64“29'E 

5°43'N 56°12'E 

-18.0 

122 + 6 

132/A3 

5‘’43'N 56‘’12'E 

6°11'N 64°25'E 

-8.0 

104 ±5 

132/A4 

6”I1'N 64°25'E 

Cochin 

-8.2 

92±7 




Mean = 

105 ±6+ 


*For these samples was not measured, a value of -15%o (mean of the four measured 
values during SK-83 and SS-117 cruises) is used to calculate 

^Uncertainties given are the arithmetic mean of the standard deviations of individual 
measurements (±cr). 
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Figure 2. variations in tropospheric air since 1954 (figure modified from ref. 21 with additional data from refs. 24—28 for post 1980). 

Data collected during this study is plotted as open circles in the Figure. As evident, the Arabian Sea data falls in the general trend. 


Table 2. Mean residence time of radiocarbon in the troposphere 
of the northern hemisphere 


Year 

A'‘'C 

(%o)^ 

AT (years)* 

r (years)** 

1963 

1970 

1963 

1970 

1963 

1000 

0 

_ 

_ 

_ 

1970 

550 

7 

- 

- 

- 

1993 

121 

30 

23 

15.3 

16.5 

1994 

116 

31 

24 

15.6 

16.8 

1995 

105 

32 

25 

15.4 

16.6 

1993-95^^ 

114 

31 

24 

15.5 

16.6 


i^From ref. 21 for 1963 and 1970. 

*AT is the time elapsed since the base year, 1963 or 1970. 
**Residence time calculated with respect to 1963 and 1970 after 
correcting for Suess effect. 

^Based on the mean of all measurements in Table 1. 

Other terrestrial reservoirs, oceans and the biosphere. In 
addition to this exchange, a small but finite decrease 
in the atmospheric also results from introduction of 
‘dead CO^’ (Suess effect) to the atmosphere through 
fossil fuel burning^’It is estimated that the rate of 
decrease of in atmospheric CO 2 due to Suess effect 
is about -6.8%o per decade since 1937. Other factors that 
contribute to variations in the atmosphere are those 
connected with changes in production due to cosmic 
rays, however, these changes during the past ~ 50 years 
are not significant, only ~ 2%o in A^^^C (ref. 5). 

The temporal variations in A’^^C data in the atmosphere 
(Figure 2) allows one to calculate its removal time 
scale. Based on the observation that the A^'^C decrease 
in the atmosphere follows an exponential trend (Figure 
2), the mean-life or e-folding time for tropospheric 
radiocarbon is calculated to be ~ 15.5 years and ~ 16.6 
years with respect to the base year 1963 and 1970 
respectively after correcting for Suess effect, i.e. -0.68%o 
per year (ref. 5, Table 2). The calculation is based on 
A’^^C values of 1000 and 550%o for 1963 and 1970 
respectively, and assumes that the samples collected 
over the Arabian Sea during various periods (Table 1) 
represent the annual values for northern hemispheric air. 


The difference in the e-folding time of ~ 1 yr when 
calculated with respect to 1963 and 1970 as base years, 
is attributed to incomplete mixing of radiocarbon between 
the two hemispheres for a few years after the bomb 
tests. A similar value of ~ 17 years was deduced by 
Manning et al?^ based on their data collected from New 
Zealand (south Pacific). 

We report here the first measurements of radiocarbon 
in the air over the Arabian sea, covering a latitudinal 
range of 6°N-13°N and longitude of 56°E-74°E. The 
data are consistent with those expected for the expo¬ 
nentially decreasing trend of bomb radiocarbon in the 
atmosphere and yield a value of ~ 16 years for mean 
residence time of radiocarbon in the tropospheric air. 
The data also show signatures of contribution of CO 2 
from the Arabian sea to the atmosphere during upwelling, 
but these need to be ascertained through more extensive 
measurements. 
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Soft sediment deformation structures (seismites) 
observed at eight stratigraphic levels in fluvio-lacus- 
trine sediments exposed in the Sumdo area of lower 
Spiti valley, Himachal Pradesh, India have been 
interpreted to represent eight paleoearthquakes of 
magnitude > 6.5 on the Richter scale. We present the 
first attempt to date seismites using luminescence 
dating techniques. The infra-red stimulated lumine¬ 
scence ages range from 26 ka to 90 ka in samples 
from four seismites that were investigated. These ages 
suggest that the activation of Kaurik-Chango Fault 
and the seismic, jactivity in the region dates back at 
least to the Late-Pleistocene. 

The Himalaya is one of the active dynamic seismic 
regions of the world and is known for moderate to 


large magnitude earthquakes. The historical record of 
these earthquakes is too short to deduce their long-term 
recurrence intervals. An effort is currently under way 
to document the geological record of past seismic events 
in the Himalaya and establish their chronology^ so that 
the repeat frequency of large earthquakes can be estab¬ 
lished. 

In the Sumdo region of the lower Spiti valley, a 
detailed soft sediment deformation study provided evi¬ 
dence for eight major earthquakes (magnitude > 6.5)^. In 
1975, the Eannaur Earthquake caused widespread damage, 
landslides and ground rupturing. These earthquakes have 
been correlated to the activation of the Kaurik-Chango 
Fault^ striking continuously from Kaurik (north) to Leo 
(south) across the Paleo-Proterozoic sequence. A corre¬ 
lation with ^"^C dated lacustrine records in the adjoining 
region suggests a Late Pleistocene-Holocene antiquity 
for these events'^. The deformation structures produced 
by seismic events are recorded in overbank/shallow-water 
sedimentary deposits and have been designated seismites 
by virtue of their similarity to other known occurrences 
of earthquake-induced sedimentary structures and by 
virtue of the lateral extent of their deformation. Earlier 
workers have also used such sediments to study the 
paleoseismic events^"'^. 

Studies on the chronometry of paleoseismic events 
have been scanty, and have mostly depended on the 
radiocarbon dating of charcoal/wood associated with 
sediments. This method has a limited time range of 
application, and has difficulties in calibration and in 
establishing an unambiguous association between sample 
and strata. The method often provides unrealistic ages 
on account of the contamination by ‘old’ or ‘modern’ 
carbon^“. Recent advent of the applicability of trapped 
charge dating methods such as electron spin resonance 
dating, thermoluminescence (TL) and optically stimulated 
luminescence (OSL) have now enabled dating of a large 
variety of sequences associated with paleotectonic/seismic 
events. Thus the dating of fault gouge, buried soils that 
originally developed on colluvial debris^^"^^ and dating 
of unpaired river terraceshave now made it possible 
to directly determine the timing of tectonic events. In 
this study we describe the first attempt of a direct dating 
of soft sediment deformation structures and hence, 
paleoearthquake events by infra-red stimulated lumine¬ 
scence^^ (IRSL) and thermoluminescence^^’^^ dating tech¬ 
niques, These methods rely upon the fact that the 
luminescence signals (TL/IRSL) of minerals constituting 
the sediment are reset by a short duration of pre-depo- 
sitional sun exposure. On burial, sun exposure ceases 
and a reaccumulation of luminescence is initiated through 
irradiation from ambient natural radioactivity (viz. 

^^^Th and ‘^^K), The luminescence age is expressed as 

A _ Equivalent dose 

Annual dose ‘ ^ ^ 
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The present study has the premise that the deformation 
structures were created during or immediately after depo¬ 
sition at the sediment-water interface by seismic 
events^’^"^, and consequently the time interval between 
the deposition of the sediment and its deformation is 
considered to be small compared to the deformation age 
of the sediment. Earlier studies have shown that the 
IRSL/OSL signal of shallow lacustrine/fluvial sediments 
is completely reset at the time of deposition'^’^^- In view 
of the bleaching rate of IRSL of sediments (Figure 1) 
and an estimated pre-depositional transport of several 
kilometres to several hundred kilometres, it is reasonable 
to assume that these shallow water fluvial sediments 
have experienced sufficient predepositional daylight 
bleaching. The seismites thus have a zero IRSL age at 
the time of deformation. 

Himalaya encompasses numerous NW-SE trending 
regional thrusts/faults (Figure 2) of which the Main 
Central Thrust (MCT), the Indus Suture Zone (ISZ), the 
Main Boundary Thrust (MBT) and the Himalayan Frontal 
Fault (HFF) are noteworthy^^^'^^ In the Spiti basin a 
number of N-S trending faults, including the Kaurik- 
Chango Fault have affected the Precambrian-Paleozoic 
succession of the Tethys Himalaya^^’^^ The study area 
(Sumdo) lies within 4 km from the active zone of 
Kaurik-Chango Fault. 

The Late Pleistocene-Holocene sedimentary basin in 
the cold-arid Sumdo region (3200 m above MSL) is 
represented by fluvio-lacustrine deposits. At the conflu¬ 
ence of the Spiti river and Padra Nala, the fluvial/lacus¬ 
trine sediments associated have soft sediment deformation 
structures at various levels in the 120 m thick stratigraphic 
column, comprising sandstone, conglomerate, siltstone 
and mudstone (Figure 3). 

In Sumdo, ,the soft sediment deformation structures 
are observed in 120 m thick shallow water fluvio-lacus- 
trine sediments. The deformation structures occur 

at irregularly spaced stratigraphic intervals and can be 
traced laterally up to a kilometre. These structures 
include a ruptured anticlinal feature with intrusive sedi¬ 
ment plumes/dune-like feature, a flame structure, sand 
dykes, folding associated with small scale faulting 
associated with folding and large scale soft sediment 
folding^. These structures are restricted to single strati¬ 
graphic layers separated by undeformed strata. The 
deformation structures observed at Sumdo are similar 
to those reported by many workers^’^"^. The deformation 
structures at Sumdo have been related to past episodic 
seismicity along Kaurik-Chango Fault and it is inferred 
that the region suffered at least 9 major earthquakes 
(of magnitude exceeding 6.5 on Richter scale), including 
the 1975 Kinnaur earthquake^ The deformation of sedi¬ 
ments during earthquake may have been caused by 
liquefaction and fluidization due to cyclic loading and 
undulatory motions resulting from the passage of surface 


Rayleigh waves^’^’^^. The absence of lake fills near the 
Kaurik-Chango Fault Zone during the 1975 earthquake 
precluded the availability of a modern ‘zero’ age seismite. 

The lithology and the location of samples are given 
in Figure 3. The grain size analysis of the samples for 
luminescence dating shows bimodal to polymodal dis¬ 
tribution. The statistical parameters of these samples 




Diode Exposure (seconds) 

Figure 1 a, b, a. Infrared stimulated Imniniscence bleaching curve for 
a typical seismite. The IRSL intensity is reduced to ~ 8% of its initial 
value after exposure to natural sunlight filtered through a 4 mm 
transparent window glass for - 10 min; b. Decay of IRSL with time 
for a typical seismite on exposure to light emitting diodes (LED) 
emitting at 880±80nm. Comparison with Figure 1 a shows that diode 
exposure for - 200 s is equivalent to an exposure of ~ 600 s of natural 
sunlight filtered through window glass in reducing the IRSL intensity 
to 8% of its initial value. 
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show that these sediments are moderately to well sorted 
and are near symmetrical to negatively skewed. At the 
transition of fluvial to lacustrine phase, the sediments 
are well sorted and negatively skewed. The mineralogy 
of both the fluvial and lacustrine sediments shows domi- 
nance of quartz followed by calcite and feldspar. The 
degree of sorting and the presence of quartz and feldspar 
offered promise for the use of luminescence dating. 

The sediment transport with maximum water discharge 
occurs during April-August and is minimum during winter. 
No quantitative data on the river discharge and sediment 
transport from the basin was available. However, field 
observations show that the amount of water is about 50 
times more in summer in comparison to winter. The 
transport from the catchment is about 5-300 km and 
implies a transport duration of 10-200 h and thus it is 
reasonable to infer that most of the sediments should have 
experienced finite daylight prior to deposition. 

The experimental analyses were carried out using 
IRSL and TL dating methods. For IRSL measurements 
the extraction of the K-feldspar was made using a 
sequential pretreatment of the sample using 1 N HCl, 


30% H^O^, sieving 70-106 jam and density separation 
using Na polytungstate (density = 2.58 g/cc). In view of 
limited sample availability, no HF etching of these grains 
was done. Monolayers of the grains were deposited on 
stainless steel discs. The irradiations were made using 
a 25 mCi beta source. The IRSL intensities of 

the natural and the irradiated discs were normalized 
using 1 sec shortshine glows. The optics channel com¬ 
prised a EMI 9635 QA coupled to Corning 5-58 + 7-59 
blue filters and a Daybreak photon counting system 
interfaced to an IBM/PC with an Ortec Accuspec multi¬ 
scaling card. Sixteen IRSL diodes (TEMT 484) with 
peak emission at 880 ± 80 nm (operated with a program¬ 
mable constant current supply) were used for shinedown 
curves. In one case (L-4), the 75-106 jim K-feldspar 
yield was low and hence the fine grain method was 
used and a R-^ (partial-bleach) TL analysis was done. 
The low photon yield of green light stimulated lumi¬ 
nescence (GLSL) from quartz precluded a GLSL analysis. 
Fine grains (4-11 |im) were extracted after pre-treatment 
of 1 N HCl, 30% H 2 O 2 , 0.01 N Na-oxalate and Stokes 
separation in acetone. 



lUguro 2a—c* a, Index map .showing general tectonic trend in the northwesiern Himalaya and location of the study area; Geological map 
around Sumdo^; c, Cross-section along 
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The TL measurements were performed using two 
Schott UG-11 filters, a quartz ND-1 filter and Chance 
Pilkington HA-3 filter coupled to an EMI 9635 QA 
photomultiplier tube and a photon counting system. The 
heating rate was 2°C/s. Alpha irradiations were made 
in vacuum using a six seater 0.22 mCi ^"^Am vacuum 
alpha irradiation system^^. The sample aliquots were 
sunbleached under (i) clear sun for 30 min and (ii) 
shaded sun for 5 min and the equivalent dose was 
calculated using the partial bleach method. Second glow 
normalization was used. Linear and saturating exponen¬ 
tials were fitted for a andgrowth curves respectively. 
The inverse variance method was used for calculation 
of error in equivalent dose. An ^-efficiency factor of 
0.15 ±0.075 was assumed for coarse-grained K-feldspars. 
U and Th concentrations were estimated using thick 
source ZnS (Ag) alpha counting method and Nal(Tl) 
gamma ray spectrometry was used for potassium esti¬ 
mation. A radioactive equilibrium in the decay series 
of U and Th was assumed in the dose rate calculations. 



Boulder bed 

Large scale cross bedded 
very coarse sand 

Small scale cross bedded 
t : '■ ■■1 medium sand 

Coarse sand 

Medium sand 

iT/vi: sand 

Silt with ripple 
lamination 

Climbing ripple 
laminated silts 

Cloy 

• Sample location 



SI - S8 Deformed Zones 


Figure 3. Composite lithosiraligraphic column showing dclonncd zones 
(Sj-Sjj) and facies variation in Sumdo area. Note'the location of 
samples analysed for dating. 


The cosmic ray dose rate was assumed to be 150 |uGy/a. 
Error estimation was carried out following the prescrip¬ 
tion of Aitken^^. 

Table 1 provides luminescence data for the four seis- 
mites that could be sampled during a limited field work 
that was permitted in this restricted region. Figure 4 
provides a typical IRSL experimental data set. The 
luminescence (IRSL/TL) dates of the seismic events S 3 
(Sample L-1), (Sample L-2), (Sample L-3) and 
Sj 5 (Sample L-4) are 90 ka, 61 ka, 37 ka and 26 ka 
respectively. The analysis of the sample L-4 proved 
enigmatic. The absence of a sufficient amount of 
coarse grained K-feldspar grains from L-4 meant that 
fine grains had to be used which yielded far too low 
total photon counts to carry out a reasonable analysis. 
Accordingly, a TL analysis was done for L-4 and the 
partial bleach (clear sun, 30 min) method gave an age 
of 26 ka. A preliminary analysis with a sun exposure 
of 5 min under a shaded sun was also carried out for 
this sample and the reduction in thermoluminescence 
intensity due to bleaching was used for evaluating an 
age of ~ 20 ka suggesting that the age estimated of 
26 ka is a reasonable estimate for S^. Quartz extracted 
from L-4 was also used for the evaluation of a TL age. 
The slide method"^ equivalent dose was used along with 
the fractional reduction in TL intensity after a 2~min 
bleaching (shaded sunlight) to estimate an age for L-4. 
The quartz (35 ± 9 ka) and fine-grain (26 ± 4 ka) TL ages 
are concordant within experimental errors despite their 
varying rates of photo-bleaching with daylight exposure. 
Further, the TL growth curve of quartz is complex^'^ 
and in the dose region of interest, the growth of lumi¬ 
nescence signal with dose is extremely slow. This results 
in a large error while extrapolating the growth curve 
to determine the equivalent dose. 

It may be apposite to consider the possibility of 
radioactive disequilibrium in such a fluvial/lacustral 
deposited system. This could not be attempted in the 
present case due to limited sample availability. However, 
in view of the fact that up to 55% of the total dose 
is contributed by potassium, the material being trans¬ 
ported by water over short durations and a general 
concordance of radioactivity data derived assuming an 
equilibrium of the decay series in three samples suggest 
that radioactive disequilibrium may not be a serious 
problem and that the age estimates are realistic. 

The interval between the seismites S 3 -S 3 , and 

S^-Sj^ is 29, 24 and 11 ka respectively (Figure 3). The 
interval between the event and the 1975 earthquake 
is 26 ka. The presence of a few more seismites in 
Sumdo area cannot be ruled out as the exposures at 
places are covered by debris. The erosion in the few 
fluvial cycles at different stratigraphic levels may have 
eroded some seismites and it may also be possible that 
at times seismites do not get preserved due to lack of 
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Table 1. Luminescence dating results for seismites from Spiti valley, India 


Sample 

Technique 

Mineral 

Th 

u 

(M-g/g) 

K 

(cg/g) 

a value 

Water 

content* 

(%) 

Annual 

dose 

(mGy/a) 

Equivalent 

dose 

(Gy) 

Age 

(ka) 

L-4 

TL^ 

Quartz 

5.4 

1.6 

0.8 

- 

0.3 

1.9 

66 ±14 

35±9 

L-4 

TL, R-i3 

Fine grains 

5.4 

1.6 

0.8 

0.12'±0.06 

0.3 

2.9 

74 ±15 

26 ±4,3 

L-3 

IRSL, Additive dose 

K-feldspar 

12.6 

3.7 

1.6 

0.15* ±0.075 

0.5 

4.5 

165 ±21 

37 ±5 

L-2 

IRSL, Additive dose 

K-feldspar 

8.9 

2.6 

1.75 

0.15* ±0.075 

0.3 

3.8 

232 ± 34 

61± 10 

L-1 

IRSL, Additive dose 

K-feldspar 

9.4 

2.7 

1.96 

0.15* ±0.075 

0.2 

4.1 

372 ± 33 

90±11 


♦Water content as percentage of dry weight. 

■*■866 discussion in the text. 

*The a-value for L-4 (fine-grains) was experimentally determined. 

^The a-values for K-feldspars from samples L-3, L-2 and L-1 were assumed to be 0.15 ±0.075. 



Diode Exposure (seconds) 

Figure 4 ct-c. a, Infrared stimulated luminiscence shine-down curves for feldspar extracted sample, L-2; 6, Growth curve for L-2. The equivalent 
dose (Q) divided by the dose-rate gives the age of the sample; c, IRSL shine plateau for L-2. 
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prerequisite conditions. The higher durations of 29 ka 
( 83 - 85 ), 24 ka ( 85 - 8 ^) and 26 ka in the fluvial part of 
the section may be due to periodic non-deposition and 
at places due to erosion. Ideally, it would have been 
desirable to obtain ages on all eight seismites, but as 
indicated above, logistical problems restricted collection 
of only four seismite samples. 

The present study provided luminescence chronology 
to four soft sediment deformation structures designated 
as seismites based on their lateral extension of defor¬ 
mation and similarity to other known occurrences of 
earthquake-induced deformation structures in soft sedi¬ 
ments. The chronology of seismites S 3 , 85 , 8 ^, Sg are 
90, 61, 37 and 26 ka respectively, indicating that 8 ^ 
and Sj are significantly older than 90 ka, whereas the 
younger episodes would post-date 26 ka. This indicates 
that the Kaurik-Chango Fault and related' seismicity has 
been active at least since the late Pleistocene. 
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Tectonic settings of Indo-Gangetic basin 
revealed from magnetotelluric data 

Ramesh P. Singh and Umesh K. Singh 

Department of Civil Engineering, Indian Institute of Technology, 
Kanpur 208 016, India 

The Indo-Gangetic basin is one of the vast sedimentary 
basins of India. The knowledge of the subsurface 
tectonic structure of the basin and shield regions is 
important in understanding the dynamics of the litho¬ 
sphere and for the knowledge of its hidden resources. 
Magnetotelluric (MT) data have been collected at 18 
locations along two profiles north-south Nepal 
border to Kanpur and east-west-Varanasi to Agra. 
MT parameters have been analysed at these locations. 
The pseudo-resistivity and phase plots have revealed 
resistivity structure and tectonic settings of the basin. 
The extension of the shield beneath the Indo-Gangetic 
basin has also been inferred from the MT data. 

INDO-Gangetic basin has an extensive coverage of 


25,000 km^ lying between Peninsular shield and Hima¬ 
layan region (Figure 1). The region lies between the 
Himalayan mountains on northern side and Indian 
Peninsular shield on the southern side. The depression 
of the Indo-Gangetic plains is foredeep. In the north, 
this region is bounded by the Siwalik hills and in the 
south by the Bundelkhand granites/gneisses and Vindhyan 
sandstones. The Indo-Gangetic basin constitutes an asym¬ 
metrical prism of sediments with an axis of maximum 
deposition very close to the present foothills^ The basin 
continues to be a tectonic enigma despite its outward 
simplicity as a vast alluvial plain. Burrard^ interpreted 
it as a rift filled with alluvium to a depth of nearly 
16 km and as a trough at the advancing edge of the 
steeply subducting Indian plate. He further suggested 
on the basis of the geodetic observations that the 
Himalayan folds were the result of under thrusting of 
the Indian sub-crust below the land mass of the central 
Asia. Burrard believed that this observation explained 
mass deficiency of the Indo-Gangetic and Himalayan 
region. 
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The gravity and aeromagnetic measurements have been 
carried out in detail in the Indo-Gangetic basin^"^^. On 
the basis of gravity and aeromagnetic data, the Indo- 
Gangetic basin has been divided into four different parts 
separated by basement. The basement high is the Bun- 
delkhand-Faizabad ridge, which is found to be tectoni¬ 
cally and seismologically inactive^ A number of traverse 
folds of mesoscopic and macroscopic dimensions have 
been mapped which are superposed on earlier folds of 
normal Himalayan trend and are parallel to great hidden 
ridge in the basement of the Indo-Gangetic plains. 
Surface wave data have been used to decipher a shield 
like upper mantle structure with thick sedimentary 
fills^'-^l 

Efforts have been made to map the deeper structure 
of the Indo-Gangetic basin using various geophysical 
methods. The well-known seismic method which is 
commonly used for mapping deeper structure has not 
been used widely in the Indo-Gangetic basin due to 
high population. Recently, we have carried out magneto- 
telluric (MT) field work in the basin along two profiles 
A A' from Kanpur to Nepal border and BB' from Varanasi 
to Agra. The details about the MT equipment, data 
acquisition and data analysis have been given in detail 
by Singh et The locations of the MT soundings 

are shown in Figure 1. The deeper electrical resistivity 
structure has been mapped^l In the present communi¬ 
cation, MT data have been analysed to study the sub¬ 
surface geological settings of the basin. Singh et alP 



Figure 1. Location of magnetotelluric recording stations. 


found that the H-polarization MT data is affected by 
the distortion due to the sediments in the Indo-Gangetic 
basin and also due to the Himalayan range. Berdichevskiy 
and Dmitriev^^ reported that the determinant apparent 
resistivity and phase data are good indicators of average 
structure in two measurement directions. In view of the 
distortion of H-polarization apparent resistivity and phase 
data, we have analysed determinant apparent and phase 
data and have deduced the subsurface configuration 
beneath the Indo-Gangetic basin. 

Figures 2a,b show the pseudo-resistivity and phase 
plots from determinant data along profile Kanpur-Nepal 
border. The pseudo-resistivity plot (Figure la) shows 
the presence of low-resistivity layer near the surface in 
Kanpur followed by high-resistivity layer. This high- 
resistivity layer corresponds to massive Bundelkhand 
Granite (represented by higher values of apparent resis¬ 
tivity contours) which is exposed near Jhansi. The 
apparent resistivity contours clearly show that the layers 
are dipping towards north and the Bundelkhand Granite 

a 

APPARENT RESISTIVITY (DET) 

KANPUR NEPAL 



PHASE (DET) 


KANPUR NEPAL 



Figure 2, (a), Fseudo-resislivity plot and ijb) pseudo-phase plot along 
profile Kanpur-Nepal border. 
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AGRA KANPUR VARANASI 



ly PHASE (DET) 

AGRA KANPUR VARANASI 



Figure 3. (fl), Pseudo-resistivity plot and (b) pseudo-phase plot along 
Agra-Varanasi. 

(represented by higher values of apparent resistivity 
contours) underlie the Indo-Gangetic basin up to stations 
4 in north along Kanpur-Nepal border (profile AA'), 
which confirms the extension of the shield beneath the 
Indo-Gangetic basin. This is also supported by the 
pseudo-phase plot. The low phase values correspond to 
high-resistivity formations whereas higher phase values 
correspond to conductive formation. It is seen that 
beneath massive granite formation (represented by the 
phase value contours of 50-60 degrees contours) presence 
of higher conducting formation (represented by phase 
value contours of more than 60 degrees) is clearly seen. 
At the extreme north of the profile, beneath locations 
7 and 6, presence of high conducting formation is seen 
which corresponds to low apparent resistivity of 10 
ohm-m (Figure 2 a) and high phase value contour of 
70 degree. The apparent resistivity and phase contours 
at low frequencies clearly show that the layers are 
dipping towards north, which confirms the northward 
dipping of Indian crust. 
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Figures 3 a, b show the pseudo-resistivity and phase 
plots along profile Agra to Varanasi. The higher apparent 
resistivity contours are seen from location 1 (Kanpur) 
to Varanasi which show the presence of higher resistivity 
formation corresponding to either extension of massive 
Bundelkhand Granite and/or extension of Vindhyan 
Formation beneath the Indo-Gangetic basin. The pseudo- 
apparent resistivity plot shows up warping of the base¬ 
ment which is also supported from aeromagnetic data®"^ 
Near locations 14 and 1, the pseudo-apparent resistivity 
plot shows the contact of low and high resistivity 
formations. It is seen that beneath Agra to Kanpur 
(beneath locations 17-14) near the surface of the earth 
the formation is conducting followed by high resistivity 
formation. At deeper level, the extension of Bundelkhand 
Granite is seen. The pseudo-resistivity plots show the 
high resistivity formations even up to very low frequen¬ 
cies. In pseudo-phase plots this formation is reflected 
by very high frequencies. The presence of low resistive 
formation beneath high resistivity formation below sta¬ 
tions 16 and 17, is reflected by higher phase values at 
lower frequencies (Figures 3 b). The western extension 
of Bundelkhand Granite beneath the Indo-Gangetic basin 
is seen up to location between station numbers 16 and 
17 (Figure 3 b). 

The present study shows the tectonic settings of the 
Indo-Gangetic basin along two profiles. The pseudo- 
resistivity and phase contours confirm the extension of 
Bundelkhand Granite beneath the Indo-Gangetic basin. 
It is also found that the upper crust is dipping northward. 
The pseudo-resistivity and phase plots along east-west 
(Varanasi-Agra) profile show the contact point of hard 
and soft rock formations near Kanpur and extension of 
hard rock formation up to Varanasi in east and up to 
a station 17 in the west. This may be attributed to 
either extension of Bundelkhand Granite up to Varanasi 
or Vindhyan Formation from south beneath locations 
11_9 (Allahabad-Varanasi). The apparent resistivity and 
phase values do not show any discontinuity in the 
contours, therefore it is concluded that the Bundelkhand 
Granite, which is identified as Faizabad ridge, extends 
up to Varanasi and beyond in the east and up to near 
Agra in the west. In the light of present study, the 
boundary of the Bundelkhand Granite is shown by the 
dotted line showing its extension up to Varanasi (Figure 
1). Further, MT studies beyond Varanasi should be taken 
up to delineate the exact boundary of massive granitic 
formation. 
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Interaction of Bacillus thuringiensis 
with Pythium ultimum and Fusarium 
oxysporum f. sp, lycopersicU Possible 
role in biological control 

G. A. Amer*, Rashmi Aggarwaf, D. V. Singh^ and 
K. D. Srlvastava^ 

^Division of Plant Pathology, Faculty of Agriculture, Menoufiya 
University, Shebin El-KOM, Egypt 

^Division of Plant Pathology, Indian Agricultural Research Institute, 
New Delhi 110 012, India 

Bacillus thuringiensis (Bt) suppressed the growth of 
Pythium ultimum and Fusarium oxysporum f. sp./y- 
copersci and lysed the mycelium. Scanning electron 
micrographs showed the attachment of Bt cells to 
the hyphae of host pathogens. Bt cells attached to 
hyphae of P. ultimum polarly and externally, causing 
its deformation and lysis. In case of F, oxysporum 
f. sp. lycopersici, the attachment was random and at 
a few places Bt cells entered the hyphae and caused 
lysis. 

In the search for new eco-friendly approaches to pest 
and pathogen management, use of biological control 
agents has been much studied. Researches on biological 
control of soil-borne plant pathogens have been making 
great strides since the first symposium ‘Ecology of 
soil-borne plant pathogens - Prelude to biological con¬ 
trol’^ 

Bacillus thuringiensis, which is unique in the bacterial 


world because of production of many chemical com¬ 
pounds designed for use in controlling economically and 
biomedically important insects, is being tested against 
fungal pathogens^ A nematode fungal disease complex 
of tomato was reported to be controlled by dipping 
seedlings in the suspension of B. thuringiensis^. Some 
bacteria like Enterobacter cloacae protect the plants 
against Pythium pre-emergence damping off caused by 
P. ultimum by binding to fungal hyphae"^. However, the 
mechanism by which B. thuringiensis protects the 
plants/seedlings from soil-borne fungal pathogens is 
unknown. Therefore, a study was undertaken to inves¬ 
tigate interaction between B. thuringiensis and P. ultimum 
and Fusarium oxysporum f. sp. lycopersici, causing wilt¬ 
ing of seedlings of various crops^ which could be 
utilized as a potential biocontrol agent. 

A strain of'-B. thuringiensis obtained from Division 
of Entomology, Indian Agricultural Research Institute, 
New Delhi, was maintained on nutrient agar medium 
for the present studies. 

Cultures of P. ultimum and F. oxysporum f. sp. lyco- 
persici were isolated from soil by the dilution plate 
method and maintained on potato dextrose agar (PDA) 
slants. The cultures were identified by Indian Type 
Culture Collection (ITCC), New Delhi. 

Potato dextrose agar plated petri plates were seeded 
at four corners with actively growing mycelial disc of 
P. ultimum and F. oxysporum f. sp. lycopersici. A loopful 
of 24 h growth of B. thuringiensis was seeded in the 
centre of each petri plate. The inoculated plates were 
incubated at 25 °C for 4 days and mycelium from the 
interaction zone was processed for scanning electron 
microscopy. 

The procedure given by Weidenborner et al.^ was 
followed. Agar discs of 1 mm thickness were cut off 
from interaction zone and placed on cover glasses which 
were exposed to 2% osmium tetroxide for 24 h at 20°C. 
The samples were transferred to copper stubs over double 
adhesive tape, coated with gold in JEOL, JFC-llOOE 
sputter coater and scanned in a SEM (JEOL-JSM 5200) 
at 25 kV and micrographs were taken. 

In dual culture, the growth of P. ultimum and F. 
oxysporum f. sp. lycopersici was suppressed and myce¬ 
lium was seen lysed. In case of P. ultimum, a narrow 
inhibition zone was also observed (Figure 1 a), while 
no clear inhibition zone was seen in F. oxysporum f. 
sp. lycopersici (Figure 1 b). 

Scanning electron micrographs of the paired culture 
of F. oxysporum f. sp. lycopersici and B. thuringiensis 
showed attachment of around 9-10 bacterial cells to the 
hyphae of the fungal pathogen. The bacterial cells were 
attached more or less over the hyphal surface and at 
the site of attachment the hyphae were lysed (Figure 
2a,b). At a few places, bacterial cells seemed entering 
the mycelium as cracks in the wall were observed at 
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Figure 1. Dual culture of Bacillus thuringiensis with {a), Pythium ultimum and (Jb), Fusarium 
oxysporum f, sp. lycopersici. 



Figure 2. Scanning electron micrographs of interaction between B. thiiringiensis and F. oxysporum f. sp. lycopersici showing random attachment 
of Bt cells to host mycelium, (a, x 1000), (b, x7500); Bt cells entering hypha (c, x 10000), (d, x 20000). 


the point of attachment. It was observed that when 
bacterial cells came in contact with host cytoplasm, 
lysis of mycelium took place (Figure 2c,d). In case 
of P. ultimum, the binding of B. thuringiensis cells was 


polar, i,e. the cells were seen attached towards the 
growing tip of the hypha and the attachment to the 
hyphae was only external. At a few places deformed 
mycelium was also observed (Figure 3 a, b). 
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Figure 3 a, b. (x7500). Scanning eiectron micrographs of interaction 
between B. thuringiensis and P. ultimum showing polar attachment of 
Bt cells to host mycelium. 

The present investigations have opened up a new field 
in biological control of seedling diseases caused by P. 
ultimum and F. oxysporum f. sp. lycopersici, using B. 
thuringiensis. It was observed through SEM that the 
interaction between hyphae of fungal pathogens and B. 
thuringiensis was mediated by hyper parasitism followed 
by destruction of hyphae due to direct penetration in 
case of F. oxysporum f. sp. lycopersici and may be due 
to diffusable lytic substances in case of P. ultimum. 
The attachment of B. thuringiensis in case of P. ultimum 
was localized while in F. oxysporum f. sp. lycopersici, 
it was random. Nelson et al.* reported the attachment 
of E. cloaceae to the hyphae of P. ultimum which 
agglutinated cell wall and inhibited the mycelial growth. 
The ability of other bacteria belonging to Enterobacte- 


riaceae to attach to surfaces, including fungal hyphae 
has been reported earlier’ *. 

The present study suggests that there is a relationship 
between hyphal attachment by bacteria and fungal growth 
inhibition. As B. thuringiensis cells were seen attached 
to the host mycelium, this appears to be a critical step 
in establishing an antagonistic relationship with P. ul¬ 
timum and F. oxysporum f. sp. lycopersici. Bowen and 
Theodorou* observed the interactions between bacteria 
and ectomycorrhizal fungi but the relationship between 
the growth inhibition and attachment was not investigated. 

In conclusion, the results show that the adherence 
mechanism between bacteria and fungi may lead to the 
biological control of soil-borne fungal diseases. More¬ 
over, other important factors in the use of B. thuringiensis 
are that it releases a large number of exo- and endo¬ 
toxins'" and its relative ease of mass production in 
submerged fermentation culture on relatively cheap 
media' 
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Significance of style in cardamom 
corolla tubes for honey-bee 
pollinators 

V. V. Belavadi, Venkateshalu and H. R, Vivek 

Regional Research Station (UAS Bangalore), Mudigere 577 132, India 

Cardamom flowers offer nectar in a corolla tube 
which is 23 (±2.08) mm long and the style passes 
through the corolla tube. The honey-bee pollinators, 
Apis cerana and A. dorsata, despite their short tongue 
lengths (4.5 and 5.5 mm, respectively) drew nectar 
up to 11.45 (±2.65) and 11.65 (±1.85) mm. In con¬ 
trolled experiments, using capillary tubes of similar 
dimensions as cardamom corolla tubes, the depth of 
feeding by the two species of bees corresponded to 
their tongue lengths when there was no style. However, 
when a natural or an artificial style was introduced 
into the capillary tube the depth of feeding increased 
with increase in style thickness. We show here that 
the presence of style inside the corolla tube helps 
bees to draw more nectar from cardamom flowers. 
We also suggest that the plant facilitates pollinators 
to draw more nectar than it is possible with their 
short tongues, by keeping the style within, and that 
the thickness of style may have some significance in 
the evolution of the system. 


The tubes of corolla of the common red and incarnate clover 
{Trifolium pratense and incarnatum) do not on a hasty glance appear 
to differ in length, yet the hive bee can easily suck the nectar out 
of incarnate clover but not out of the common red clover, which 
is visited by humble bees alone.... 

Charles Darwin, 1859 

Plants that depend on insects for pollination offer nectar 
and/or pollen, and in some cases oils, as reward. Nectar 
is presented in the corolla tubes or in special nectaries 
in ways that make it available only to specific pollinator 
species. Several authors, including Darwin, have appre¬ 
ciated the differences in corolla lengths of flowers among 
plant species as regulators of pollinator visitation^ Ever 
since Darwin, there have been several reports to cor¬ 
roborate this and it is now established that long-corolla 
flowers are visited by long-tongued insects like butter¬ 
flies, bumble bees as well as birds, and short-corolla 
flowers by short-tongued bumble bees and honey-bees“"-\ 
In this paper we present a strategy used by the plant 
that facilitates pollinators to draw nectar from corolla 
tubes that are longer than the pollinators’ harvesting 
organ. We argue that this strategy has implications for 
the evolution of the style feature. 

Cardamom (Elettaria cardamomum Maton) grows in 
clumps of 20-25 pseudostems. New pseudostems bear 
panicles at the base on the second year, and flowers 
are borne on these panicles at the ground level; these 


bloom between April and September with a peak during 
July-August. Anthesis occurs in the early morning hours 
(0430 to 0630 h) and anthers dehisce between 0730 and 
0830 h (refs 6, 7). Stigma receptivity peaks at 12 noon^ 
and coincides with peak pollinator activity^ The flower 
lasts almost for a day, and withers off by 2000 h (refs 
7, 8). Two species of honey-bees, Apis cerana and A. 
dorsata, constitute more than 98% of all the flower 
visitors, and are the true pollinators of cardamom^’^ 
(Figure 1). Cardamom flower has a corolla tube length 
of 23 mm (±2.08). Nectar production is continuous and 
the corolla tube gets completely filled up by 0900 h 
(4.5 pi, sugar concentration: 20%) if left unharvested^”. 
In our earlier studies^’'” on cardamom pollination, we 
recognized a specific problem in the harvesting of nectar 
by certain insects: The pollinators (A. cerana and A. 
dorsata) have short proboscis (4.5 mm and 5.5 mm re¬ 
spectively), and hence can never exhaust the available 
nectar, but despite their short proboscis, they manage 
to draw nectar up to 11.5 mm depth, which is more 
than double the length of their proboscis. In the present 
paper, we attempt to provide a solution to this problem 
through field observations and controlled laboratory 
experiments. 

All field and laboratory studies were conducted at the 
Regional Research Station, Mudigere, India (13°7"N and 
75°37'E) during 1995-96. 

We covered a set of 100 flowers with paper packets 
early morning (6 am) before the commencement of bee 
activity. At 11 am the mean nectar level in the corolla 
tube was 20 (±1.26) mm. Fifty of these flowers were 
allowed a single visit by A. dorsata foragers and for 
the remaining 50, a single visit by A. cerana foragers. 
Immediately after the bee left, the flower was removed 
and the nectar level in the corolla tube was measured 
nearest to a mm, by holding the flower against light. 

We first trained foragers from a colony of A. cerana 
to a feeding station in the laboratory. We used 20% 
sucrose solution (similar to cardamom nectar concentra¬ 
tion) at the feeding station as well as in all subsequent 
experiments. Once there was a significant and steady 
recruitment of bees to the feeding station, we shifted 
the method of offering the sugar solution to a feeding 
platform, consisting of a petri plate (150 mm dia) covered 
with a thick yellow paper board. The yellow board had 
25 holes (1.5mm dia in a 5x5 grid), into which we 
inserted capillary tubes (15 mm longx 1.5 mm dia) open 
at either ends. The solution rose into the capillary tubes, 
offering sugar solution constantly. The purpose was to 
train bees to take sugar solution from the capillary tubes 
for our further experiments. The sucrose solution was 
changed on alternate days. 

We conducted five experiments using 23 mm x 1,5 mm 
capillary tubes, to simulate cardamom corolla tubes. One 
end of each capillary tube was closed with wax and 
the tubes were filled with 20% sugar solution. We fixed 
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these tubes on a yellow paper board covering a petri 
plate (150mm dia) in 5x5 array of 25 tubes spaced 
equidistant from each other, similar to the feeding station. 
In the first experiment, we used only the capillary tubes. 
Since, in the cardamom flower, the style passes through 
the corolla tube, we hypothesized that the presence of 
style in the corolla tube might in some way help bees 
to draw more nectar. Hence, in our further four experi¬ 
ments, we used the cardamom style, the style from a 
tubular flower plant, Ixora, and two copper wires of 
thickness 0.1 and 0.4 mm. The thickness of cardamom 
style was 0.2 mm and that of Ixora 0.25 mm. Thus, we 
had four style or style-like structures with thickness of 
0.1, 0.2, 0.25 and 0.4 mm, which we compared with no 
style. We repeated each experiment four times (Figure 2). 

Similar experiments were conducted with A. dorsata. 
Since we failed in our attempts to train workers to 
come to a feeding station, we enclosed twenty foragers 
of this species in a cage 30 x 30 X 30 cm and conducted 



Figure 1. Apis cerana forager harvesting nectar from a cardamom 
flower. 



Figure 2. Artificial flower used in laboratory experiments. 


all our experiments after starving them for at least two 
hours. 

A, cerana and A. dorsata did not differ significantly 
with reference to the depth to which they drew nectar 
from cardamom flowers (z=1.08; n = 50 for each spe¬ 
cies), but they harvested nectar from much lower depths 
than their tongues could reach! (Figure 3). 

In experiments with trained foragers of A. cerana and 
with caged foragers of A. dorsata, the depth of feeding 
was least when the sucrose solution was offered in 
capillary tubes without any style (Figure 4). However, 
the feeding depth differed significantly between the two 
species (z = 2,54; P = 0.05), but the levels corresponded 
almost to the lengths of their probosces. Thus, presence 
of style in the corolla tubes appears to help bees in 
drawing more nectar. In fact, when we inserted styles 
from cardamom flowers in capillary tubes, the depth of 
feeding rose to 10.94 ± 1.29 mm (n = 97) and 11,06 ± 1.34 
mm (n = 92), respectively for A. cerana and A. dorsata. 
This indicated that the bees take advantage of the presence 
of style in the corolla tube of cardamom. The difference 
in depth of feeding between the two species was not 
significant (z = 0.36). The depth of feeding increased from 
5.76 ± 0.87 mm (n = 85) and 6.46 ± 1.01 mm (n = 89) 



Original level (n=100) A.cerana (n=50) A.dorsaia (n=50) 

a Nectar level ■ Tongue length 


Figure 3. Depth of feeding by honey-bees from cardamom flowers. 
Median lines indicate standard deviations. 



Style thickness (mm) 

^ A. cerana q A. dorsata. 


Figure 4. Depth of feeding from capillary tubes by honey-bees in 
relation to thickness of style. Median lines represent standard deviations 
of feeding depths. 
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with 0.1mm style, to 17.86 ±2.64 mm (n = 72) and 
15.98 + 1.82 mm (n = 69), for 0.4 mm style for the two 
species (Figure 4). The depth of feeding differed sig¬ 
nificantly between the two species of bees with 0.1 mm 
(z = 2.91, P = 0.05) and 0.4 mm (z = 5.37, P = 0.05) thick 
styles, while it was not significant for 0.2 and 0.25 mm 
thick styles. Thus, the depth to which bees could harvest 
nectar appears to be a function of size of style in 
relation to the corolla tube diameter. 

We attribute this to surface tension forces acting upon 
the liquid and to a certain extent to cohesive and 
adhesive forces. The extent to which a liquid rises in 
a capillary tube is inversely related to the radius of the 
tube. If r is the radius of the capillary/corolla tube, h 
the height of the liquid, r the density of the liquid and 
g the acceleration due to gravity, the surface tension 
(7) which is responsible for the rise of a liquid to a 
height (h) follows the equation, 

T = rgr/2cos 6 {h + r/3). 

Since, for a liquid that wets the tube, cos 0=1 

r=l/2Tgr(/7 + r/3) 

-l/Ar gd {h^d/6), 

where d is the diameter of the capillary/corolla tube. 
When a style passes through the corolla tube, the 
effective diameter of the tube is reduced correspondingly. 
If the thickness of the style is x then the effective 
diameter of the tube becomes {d-x) or d\ 


Then, 7=1/4 rgd' {h + d76\ 


or h=^AT/rgd' -dye 

^AT/d' {rg-\/e) 

= K/d'{K^), 

where and are constants. 

In short, the rise in the level of the liquid (h) becomes 
inversely related to the effective diameter of the tube 
as shown in Figure 5. 

With reference to the cardamom corolla tube and all 
our experiments with capillary tubes, it should be noted 
that the lower end of the capillary tube was closed. 
When a style is present, the bee invariably inserts its 
proboscis in the gap between the style and the wall of 
the capillary or corolla tube to draw the liquid. The 
feeding mechanism in honey-bees involves a stomodeal 
pump located in the head connected to the pharynx^ ^ 
For the pump to be effective, the proboscis should be 
in contact with the liquid. It is reasonable to assume 
that this is achieved by the reduction in radius of the 
tube by the presence of the style. Further, a liquid that 
is rising in a column establishes a cohesive force between 
the molecules of the liquid, resulting in a continuous 
column. In the presence of a style, the area of adherence 
increases, and thicker the style, smaller will be the 
effective radius of the corolla tube, and therefore, greater 
are the surface tension and cohesive forces, resulting in a 
higher nectar level which can be pumped up by the bee. 

Our study suggests that relative diameters of nectar 
tube and style are important in regulating the rewai'ds 
available for the pollinators. A relatively thick-styled 
system favours pollinators because they could harvest 
more nectar from each flower, need to visit fewer flowers 
in each bout and fewer bouts for meeting their daily 
energy needs. This would obviously be a loss to the 
plant, because it reduces its pollen transfer efficiency. 



Figure 5. Expected inverse relation between height to which nectar rises and the diameter of nectar tube. A style passing through the corolla 
tube reduces the inner diameter effectively. 
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On the other hand, a relatively thin style ensures repeated 
visits of pollinators to the flower though too thin a 
style might also discourage pollinator visitation. Hence, 
the style diameter can be expected to be a tradeoff 
between these risks and benefits. Thus, our study offers 
an hitherto unknown parameter that might have shaped 
the evolution of styles and nectar tubes. 
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Nicotinamide and a-tocopherol 
combination partially protects t-butyl 
hydroperoxide-induced neurotoxicity: 
Implication for neurodegenerative disease 
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Hemnani*, Tarangini Javeri* and Prem Prakash* 

^Biochemistry Division, School of Studies in Zoology, Vikram 
University, Ujjain 456 010, India 

**Department of Chemical Engineering, Indian Institute of Technology, 
Mumbai 400 076, India 

In light of evidences of impaired energy metabolism 
and oxidative damage in neurodegenerative disorders, 
y/e have investigated the potential role of compounds 
which may improve the mitochondrial metabolism 
and can ameliorate the toxic effects of free radicals, 
and thus compensate for disease-related defects. Treat¬ 
ments with three doses of ^butyl hydroperoxide (^ 
BuOOH) resulted in increased lipid peroxidation in 
corpus striatum. The superoxide dismutase (SOD, EC 
1.15.1.1) activity increased while reduced glutathione 
content declined. Supplementation with a-tocopherol 
and nicotinamide and their combination resulted in 
decline in LPO and showed the tendency towards 
normalization of SOD activity and GSH content. The 
results showed that supplementation of a combination 
of a- tocopherol and nicotinamide provides protection 
against ^BuOOH-induced neurotoxicity. 

There are considerable experimental evidences to support 
290 


age-related changes in general^’^ and aging of central 
nervous system (CNS) in particular^’"^ which are inflicted 
by oxygen-free radicals such as superoxide anion radical 
(O’"), hydroxyl radical (’OH), peroxyl radical (RO*), 
alkoxyl radical (RO’) and its non radical derivatives 
such as hydrogen peroxide (H 2 O 2 ), singlet oxygen (^O^) 
and hypochlorous acid (HOCl)^. The brain is highly 
vulnerable to attack by oxygen-free radicals during aging 
owing to high lipid contents and low level of antioxidants 
to neutralize these molecular renegades along with utili¬ 
zation of large amounts of (refs 4, 6). Further, strong 
evidence to indicate that defect in mitochondrial energy 
metabolism plays an intrinsic role in several neurode¬ 
generative disorders^"^^ is emerging. Reduced complex 
I activity has been reported in Parkinson’s disease 
patientsIn Huntington’s disease, multiple enzyme de¬ 
fects have been found^’^^’*^. Reduction in complex IV 
activity was reported in Alzheimer’s disease patients^^”^^ 
One potential mechanism whereby mitochondrial dys¬ 
function could occur is due to increased generation of 
free radicals and oxidants^^’*^ Impairments of mitochon¬ 
drial energy metabolism will result in interruption of 
oxidative phosphorylation, which results in decreased 
ATP productionUnder circumstances of electron trans¬ 
port chain inhibition or molecular defects, the levels of 
free radicals production increases'^’^^^’^*’^^. Mitochondrial 
complex I appears to be the most sensitive. The ability 
of a-tocopherol (T), a hydrophobic antioxidant to stop 
the chain reaction initiated by free radicals, has been 
demonstrated in a wide variety of paradigms^’^^’^^ 
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Nicotinamide (N) is a precursor of NADH which is a 
substrate for both complex I of the electron transport 
chain as well as a number of dehydrogenase enzymes 
involved in the citric acid cycle^^ and thus plays an 
essential role in electron transport function'^ It can also 
block the enzyme poly (ADP-ribose) polymerase, which 
is activated by H 2 O 2 and nitric oxide (NO*)^^ and cause 
cell death. N blocks ATP depletions and lactate increase 
in vivo^^. Neurons in the striatal targets have been 
associated with several- neurodegenerative diseases 
notably Parkinson’s disease, Huntington’s disease and 
Wilson’s disease as well as manganese toxicity^"^. In 
light of evidence of impaired energy metabolism and 
oxidative damage in neurodegenerative disorders, we 
have investigated the potential role of T and N in 
improving mitochondrial metabolism and ameliorating 
the toxic effects of free radicals on corpus striatum 
caused by r-BuOOH administration. 

Female Swiss albino mice (weighing 25-30 g) were 
treated with either normal saline or 70% solution of 
^-BuOOH (100-300 mg/kg) by intracerebroventricular 
(ICV) injections. All mice were anaesthetized with 
ketamine and xylazine (200 and 2 mg/kg respectively) 
before the administration of the toxin and throughout 
the 2h experiment using the technique described by 
Adams et T (12 mg/kg) (Loba Chemie) and N 
(200 mg/kg) (Hi Media) were supplemented with food. 
T, N and T-N combination were given daily for 7 days 
prior to r-BuOOH administration. The animals were 
examined daily to ascertain that they have consumed 
the full dose of T, N and T-N combination. Animals 
were decapitated after 2h of r-BuOOH treatment. The 
brain was removed quickly and the corpus striatum 
dissected out and frozen at 0°C. Tissue was homogenized 
at 0°C in 0,05 M sodium phosphate buffer (pH 7.4) for 
lipid peroxidation; in 50 mM Tris HCl buffer for su¬ 
peroxide dismutase (SOD) activity and in 0.1 M meta- 
phosphoric acid containing 2 mM EDTA for reduced 
glutathione (GSH) assay. Homogenization for GSH assay 
was carried out in the presence of 1.0 M 5,5'-dithiobis- 
(2-nitrobenzoic acid) (DTNB) to prevent the artifactual 
oxidation of GSH. 

Lipid peroxidation (LPO) was measured by the thio- 
barbituric acid test^^ in terms of malonaldehyde equiva¬ 
lents (MDA) using a molar extinction coefficient of 
1.56 X lOVmin/cm as described earlier”^. Briefly, the 
homogenate was centifuged at 3000 g for 15 min and 
supernatant was used for assay. Samples of 0.1 ml 
homogenate were taken and mixed with 0.2ml of 8.1% 
SDS, 1.5 ml of 20% glacial acetic acid and 1.5 ml of 
0,8% thiobarbituric acid. The mixture was heated at 
95°C for 1 h on a water bath and cooled under tap 
water before mixing 1 ml of distilled water and 5 ml 
mixture of n-butanol and pyridine (15 : 1 v/v). The mix¬ 
ture was centrifuged at 2200 g for 5 min. The amount 
of MDA formed was measured by the absorbance of 
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upper organic layer at 532 nm using appropriate controls. 
The results were expressed as nmol MDA/mg protein. 

The SOD activity was assayed by the method of 
Marklund and Marklund^^ Briefly, the homogenate for 
SOD activity assay was treated with triton X-100 (1%) 
for 30 min to ensure that full activity is released. It 
was then centrifuged at 16,000 g at 4°C and the super¬ 
natant used for SOD assay. The assay system contained 
1 mM DTP A, 5.0 mM Tris HCl buffer (pH 8.2) and tissue 
homogenate (0.5 ml). The assay mixture was transferred 
to a 3 ml cuvette and the reaction was initiated by the 
addition of freshly prepared 2.6 mM pyrogallol solution 
in 10 mM HCl. One unit of SOD is described as the 
amount of enzyme required to cause 50% inhibition of 
pyrogallol autoxidation per 3 ml of assay mixture. The 
enzyme kinetics was carried out at 2TC (room temperature) 
in a Perkin-Elmer UV spectrophotometer as described 
earUer^'^. Calculations were made as units per mg protein. 

The GSH content was measured by Ellman’s reagent 
according to the method of follow et Homogenate 
for GSH assay was centrifuged at 16000 g for 15 min 
at 4°C. Supernatant (0.5 ml) or freshly made standard 
using GSH was equilibrated with 4 ml 1 mM DTNB 
reagent at 412 nra in a Perkin-Elmer UV spectrophoto¬ 
meter as described earlier^ f 

Total protein content was determined by the Folin- 
phenol reaction as described by Lowry et using 
bovine serum albumin as a standard. 

All data are expressed as mean±SE. Statistical com¬ 
parisons were made relative to the appropriate control 
group by Student’s t test and analysis of variance. The 
0.05 level was selected as the point of minimal statistical 
significance in every comparison. 

Treatment with three doses of r-BuOOH resulted in 
significant (P<0.05) increase in LPO (Figure 1) in 
corpus striatum. Under these circumstances treatment 
with either T or N alone had mild attenuation of t- 


LPO{ n mole MDA/mg protein ) 



100 200 300 


t-BuOOH (mg/kg body weight) 

■■ CONTROL ESI t-BuOOH [23 t-6uOOH^T 

t-BuOOK^N EI3 t-BuOOH*TN 

rij^ure 1. Effects of treatment with or-tocopherol (T), nicotinamide 
(N) and combination of a-tocopherol-nicotinamide (T-N) on t-butyl 
hydroperoxide (^BuOOH)-induced lipid peroxidation (nmole MDA/mg 
protein) in corpus striatum. < 0.05 as compared to control; < 0.05 
as compared to r-BuOOH-treated mice. Error bars indicate SEm. 
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BuOOH neurotoxicity. Significant (P<0.05) reduction 
in LPO was noted with T at 2G0 mg/kg ?-BuOOH-exposed 
animals and with N at 100 and 200 mg/kg f-BuOOH- 
exposed animals. 

We examined whether three regimens of r-BuOOH- 
induced neurotoxicity might be attenuated by treatment 
with the T-N combination. The results showed that the 
T~N combination significantly (P<0.05) protected 
against three regimens (100, 200 and 300 mg/kg body 
weight) of ?-BuOOH-induced neurotoxicity marked by 
significant decline in LPO in comparison to r-BuOOH- 
treated animals; although the LPO level remained higher 
than those observed in the control. 

The total SOD activity in corpus striatum increased 
significantly (P < 0.05) after ^-BuOOH treatment (Figure 
2). T, N and T-N combination supplementations showed 
the tendency towards normalization of SOD activity in 
corpus striatum. In these animals, the SOD activity 
decreased significantly (P<0.05) compared to 
f-BuOOH-treated animals. A good amount of SOD 
activity existed in control animals. 

The total concentration of intracellular GSH in corpus 
striatum declined significantly (P < 0.05) after treatment 
with ^-BuOOH (Figure 3). Supplementations of T and 
N showed the tendency towards normalization of GSH 
in corpus striatum. T, N and T-N combination supple¬ 
mentations have resulted in a significant (P < 0.05) ele¬ 
vation of GSH content compared to f-BuOOH-treated 
animals. 

Many of the brain functions, which deteriorate with 
advanced age may be partly due to oxidative altera- 
tions^^’^"^ and mitochondrial energy dysfunction'^’^^^’^l Lipid 
peroxidation which is induced by free radicals^^’^^ was 
significantly enhanced after t-BuOOH administration in 
the present study. We have to take into account that 



100 200 300 


t-BuOOH (mg/kg body weight) 

■i CONTROL ISSS t-BuOOH [IHi t-BuOOH*T 

t-BuOOH*N {ni3 t-BuOOH*TN 

Figure 2. Effects of treatment with a-tocopherol (T), nicotinamide 
(N) and combination of a-tocopherol-nicotinamide (T-N) on ^-butyl 
hydroperoxide (r-BuOOH)-induced superoxide disrautase activity 
(unit/mg protein) in corpus striatum. *P<0.05 compared to control; 
#P<0.05 as compared to r-BuOOH-treated mice. Error bars indicate 
SEm. 


neuronal production of free radical could be related to 
the impairment of brain oxidative metabolism^’^^. Some 
elements of electron transport chain such as ubiquinone 
and cytochrome B^^^, leak electrons directly into oxygen^*^ 
and produce O*"* radical. This leads to a micromolecular 
perturbation in which the impairment of antioxidant 
enzymatic systems may reflect the inability of mito¬ 
chondria to maintain a normal functional state^^’^®, thus 
favouring the development of peroxidative damage. 
Equally interesting is the present finding that the neuronal 
damage and ROS production can be attenuated by T, 
N and T-N combination. These findings strongly suggest 
that the anti-damage action of T, N and T-N combination 
may indeed play a pivotal role in attenuating free radical 
damage in brain. The protection conferred by T-N is 
at least in part due to its free-radical scavenging ability. 

Both prokaryotes and eukaryotes are able to dram- 
matically upregulate their armoury of oxidant protections 
in response to an oxidative stress^^’'^^^ To adapt against 
an unfriendly ROS environment, living organisms pro¬ 
duce a battery of antioxidative enzymesSOD plays 
an important role in attenuating oxidative damage in 
vivo, thereby delaying not only the onset of age-related 
degenerative diseases, but also aging itself^"^’^®. We 
observed increased SOD activity in corpus striatum. 
Similar increase in SOD activity has been reported in 
the parkinsonian post-mortem brain"^*’"^^. It is not clear 
whether the increase of SOD activity in the parkinsonian 
brain is related to the enhancement of oxidative stress 
or it is a feedback mechanism to scavenge 0‘~ radical. 
An increase in SOD activity might be useful in preventing 
neuronal degeneration"^^. On the background of low GSH 
content however, the high SOD state may produce an 
increased peroxidative burden in neurons by Fenton 
reaction^^ (reactions (1), (2)). 



t-BuOOH (mg/kg body weight) 


■1 CONTROL ESI t-BuOOH CZD l-auOOH*T 

^3 t-fluOOH*N EH] l-BuOOH^TN 

Figure 3. Effects of treatment with a-tocopherol (T), nicotinamide 
(N) and combination of cz-tocopherol-nicotinamide (T-N) on ^-butyl 
hydroperoxide (/-BuOOH)-induced reduced glutathion (GSH) content 
(|imol/g wet weight) in corpus striatum. *P <0.05 compared to control; 
#P<0.05 as compared to /-BuOOH-treated mice. Error bars indicate 
SEm. 
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Fe^-^ + 0-- -> + Oj 

(1) 

Fe"* + HjOj -4 Fe^-" + ' OH + OH" 

(2) 


In the present study, treatment of T, N and T-N com¬ 
bination prior to the r-BuOOH administration showed 
the tendency towards normalization of SOD activity, 
although the levels were still higher compared to the 
control. 

The total concentration of intracellular GSH in striatum 
decreased compared to the control. GSH is a powerful 
free radical scavenger and also a substrate for glutathione 
peroxidase (GSH-Px; EC 1.11,1.9)'^'^ (reaction (3)) 

GSH-Px 

+ 2 GSH_> GSSG + Ufi. (3) 

GSH-Px is the most important H^O^-removing enzyme 
in the brain"^"^. Studies indicate that in primate brain the 
total GSH pool is predominantly (99%) in the reduced 
GSH form"^"^. Depletion of GSH may give rise to decreased 
cytochrome C oxidase (complex IV; EC 1.9.3.1) activity 
in both whole brain homogenates and purified mito¬ 
chondrial preparation"^^. The exposure of T, N and T-N 
combination showed tendency towards increase in the 
GSH content, however the levels remained lower than 
that observed in the control. The compensatory increase 
in GSH by T, N and T-N combination might counteract 
the H 2 O 2 toxicity via redox system. 

In conclusion, the treatment of T, N and T-N combi¬ 
nation showed neuroprotective effects. We found T-N 
combination as producing higher degree of neuroprotec¬ 
tive effects than either T or N supplementation accom¬ 
panied by decrease in LPO. Besides this, it also 
normalized the SOD activity and prevented GSH deple¬ 
tion to afford protection against oxidative processes. Con¬ 
sidering the degree of protection afforded by T-N 
combination, we submised that T-N combination may be 
working by multiple means to alter the cellular damage 
that is normally a consequence of the free radicals. 
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In vitro embryo culture and effect of 
salinity on the embryonic 
development of the cultivable 
freshwater prawn Macrobrachium 
malcolmsonii (H. Milne Edwards) 

M. John Samuel, T. Kannupandi and P. Soundara- 
pandian 

Centre of Advanced Study in Marine Biology, Annamalai University, 
Parangipettai 608 502, India 

Five culture media prepared by using varying quan¬ 
tities of NaCl, KCI, CaCl 2 , MgCl^, MgS 04 and 
NaHCOa, were used to test their feasibility for the 
embryo culture of Macrobrachium malcolmsonii. A 
reduction in incubation period (11 days) was obtained 
in the medium V, compared with other media (I to 
IV). The hatching percentage was higher in the 
medium V (69.7%) than in other media. Hence, 
medium V is suitable for in vitro embryo culture of 
Macrobrachium malcolmsonii. In in vitro culture, eggs 
hatched on the 12th day had a survival of 66.7% in 
0.5 ppt salinity, whereas in 2, 4, 6, 8 and 10 ppt 
salinities mortality occurred in III, II and I stages 
of embryonic development. It was also noted that 
more than 35 eggs in a cluster lead to mortality. 

Under captive conditions Macrobrachium malcolmsonii 
often shed their eggs when disturbed, as the gravid 
females are sensitive. Similar behaviour was also reported 
in M, nobilW, Soundarapandian et al? also observed a 
similar phenomenon in cross-bred females of M. mal¬ 
colmsonii. In view of its culture importance along the 
South East Coast of India^, developing techniques for 
an in vitro embryo culture and enhanced larval production 
is important. The information on in vitro embryo culture 
and the effect of salinity on embryonic development 
during in vitro culture is meager in prawns. Hence, the 
present investigation was directed towards this aspect 
in M. malcolmsonii. 

Mature males (length 155 mm and weight 33 g) and 
equal number of mature females (length 150 mm and 
weight 31.4 g) of M. malcolmsonii were collected from 
the freshwater tanks of Manampadi (Lat. 1U29^N and 
Long. 79'^46'E), Tamil Nadu. They were acclimatized 
to laboratory conditions (salinity 0.5 ppt, temperature 
28±2°C, DO 5 ppm and photophase 12/12 h L/D) and 
maintained in a 180 x60 cm fibreglass tank. One-third 
of the water was changed daily and the prawns were 
fed with clam meat. As soon as the females experienced 
pre-mating moult, mating was allowed by introducing 
a newly pre-mating moulted female with a mature male 
in 1 : 1 ratio in a 50 1 fiberglass tank. After spawning, 
clusters of 12 h embryo were removed from the brooding 
female. The clusters were teased and separated into 


individual embryo or into small pieces (a maximum of 
30 embryos per piece). In vitro culture was carried out 
at room temperature (28 ± 2°C) and an average of about 
200 embryos were placed in each 100 ml glass bowl 
containing 50 ml culture medium. Five replicates were 
maintained for each medium. Culture media were pre¬ 
pared by using the same chemicals described by 
Damrongphol et al.^ for in vitro embryo culture of M. 
rosenbergii. But different quantities were used in the 
present study (Table 1). After finding the suitable 
medium, a test was conducted to know the effect of 
salinity on embryonic development during the in vitro 
embryo culture. Different salinities (0.5, 2, 4, 6, 8 and 
10 ppt) were prepared by adding required amounts of 
sodium chloride (NaCl, AR grade) in the medium. 
Salinities were measured by using Century Water 
Analyser Kit Model CK 711. 

Developmental stages of the in vitro cultured embryos 
were compared with those of the embryos carried by 
brooding female in the laboratory. Dead embryos in the 
culture were aspirated out and fresh media were replaced 
daily. Chi-square test (x^), coefficient of variation (CV) 
and regression analysis were done by using ABSTAT 
3.01 statistical package. 

Various media were tested for their feasibility in 
embryo culture of M. malcolmsonii and the results are 
shown in Table 2. A reduction in the incubation period 
(11 days) was obtained in medium V compared with 
the control (14 days). Statistically significant variation 
was observed in the incubation period among different 
media tested = 27.569; P< 0.001). The hatching per¬ 
centages in media IV and V were 23.5% and 69.8% 


Table 1. Chemicals used to prepare various media for in vitro 
embryo culture of M. malcolmsonii 


Chemicals 


Medium (mM) 


I 

11 

III 

IV 

V 

NaCl 

423.0 

242.0 

52.0 

15.0 

0.419 

KCI 

10.0 

20.0 

8.0 

8.0 

0.027 

CaCh 

10.0 

8.0 

5.0 

2.0 

0,010 

MgCh 

23.0 

12.0 

7.0 

2.3 

0.023 

MgSO, 

25.5 

20.0 

5.6 

2.9 

0.025 

NaHC 03 

2.1 

2.1 

2.1 

2.1 

0.012 


Table 2, Effect of various media on incubation period and hatch¬ 
ing percentage of M. malcolmsonii during in vitro embryo culture 

Medium 

Incubation period 
(days) 

Developmental 

stages 

Hatching 

percentage 

I 

0.88 ± 0.44 

I 


11 

3.18 + 0.295 

I 


III 

4.32 ±0.740 

II 

— 

IV 

13.18 ±0.536 

IV 

23.5 ±0.265 

V 

11.08±0.414 

IV 

69.76 ±0.716 

Control* 

14.0 ± 0.682 

IV 

95.2 + 0.837 


^Embryos carried by the laboratory maintained brooding female. 
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respectively. However, a higher percentage (95.2%) was 
obtained in the control. No survival was noticed in 
media I, II and III after 0.88 (I stage), 3.18 (I stage) 
and 4.32 (II stage) days respectively. When CV was 
tested among the replicates for the incubation period in 
different media and in control, medium V showed less 
variation of 3.74% compared to 50.0%, 9.3% 17.1%, 
4.1% and 4.9% in media I, II, III, IV and in control 
respectively. Similarly, CV was 0.9% in control than 
1.1% and 1.0% respectively in media IV and V for 
hatching percentage. 

In 0.5 ppt salinity, the eggs hatched out on the 11th 
day with a survival of 66.7%, whereas in 2, 4, 6, 8 
and 10 ppt salinities, total mortality occurred before 
hatching (Table 3). The number of days in each deve¬ 
lopmental stage increased linearly as the salinity increased 
(/^ = 0.9370). A similar trend was also observed between 
increased salinity and embryonic mortality rate in each 
stage (r^ = 0.9722). 

The following changes were observed in the egg 
during in vitro embryo culture in 0.5 ppt salinity (Figure 
1). Fifteen hours after spawning, the cultured embryos 
developed to 32 cell stage. The 3-day-old embryo showed 
a clear region at one pole. The clear region extended 
lengthwise forming the trunk of the growing embryo 
on the 5th day. Two eye spots were visible on 6-day-old 
embryo and they developed to oval-shaped eyes on the 
8th day. During 7 to 9 days of culture period, the yolk 
mass lessened significantly followed by the formation 
of appendages beneath the clear trunk region and on 
the 9th day, the eyes were large and surrounded by 
striations and the translucent globules at the dorso-caudal 
portion of the yolk mass clearly exhibited rhythmic 
contraction. 

Fully developed embryos were seen on the 11th day 
of culture followed by hatching on the 12th day. The 
activities and size of the zoea hatched out from cultured 
embryos are similar to the zoea obtained from the 
brooding mother. It is interesting to note that mortality 
occurred when more than 35 eggs in a cluster were 


cultured. When healthy 7th day embryos (stage III) 
reared in 0.5 ppt salinity were transferred to 6 ppt salinity, 
50% mortality occurred within 24 h of transfer and 50% 
eggs successfully hatched to zoea but they were found 
to be weak and less active compared to the normal 
ones (obtained from the brooding mother) and they died 
after 2 h of hatching. 

According to Fisher^, optimal physiological conditions 
such as nutrient, temperature and pH are essential for 
embryonic growth, and a high level of nutrient, in 
contrast, retards the growth of embryo. The unsuitability 
of the media I to IV in the present study may be owing 
to the high level of their nutrient content which retards 
the growth of embryo due to the increased microbial 
contamination resulting in embryonic mortality. This 
increased bacterial contamination in turn, reduced the 
oxygen supply reaching the embryos"^. Since better growth 
and higher percentage of hatching were observed in 
medium V, it seems that medium V provides the nutrient 
requirement of embryo at an optimum level. Damrongphol 
et alf" observed best growth of M. rosenbergii embryo 
in the medium containing 423 mM NaCl, 10 mM KCl, 
10 mM CaCl„ 23 mM MgCl^, 25.5 mM MgSO^, and 2.1 
mM NaHC03 which is similar to medium I in the 
present study. From the results obtained in the present 
study, it is inferred that M. malcolmsonii requires com¬ 
paratively lower quantities of nutrients for embryonic 
development compared to M. rosenbergii, showing its 
adaptability to survive in low nutrient content medium. 

Most of the adults of Macrobrachium sp. are known 
to migrate to the brackishwater for breeding purposes^ 
Ling^ found that the presence of a small quantity of 
sea water (4 to 6 ppt) provides a better medium for 
hatching of M. rosenbergii eggs. Katre and Pandian^ 
confirmed that the eggs of M. idae are able to ‘pick 
up' salts from brackishwater more readily than from 
freshwater. Damrongphol et al^ observed that 15% 
artificial sea water improved the embryonic development 
of M, rosenbergii in in vitro culture. Interestingly, in 
the present study cultured embryos of M. malcolmsonii 


Table 3. Embryonic development (days) of different .stages of M, malcolmsonii at various salinities in in vitro 
culture (mortality in percentage is provided in parentheses) 





Salinity (ppt) 



Developmental 

stages 

0.5 

2 

4 

6 

8 

10 

I 

3.0 ±0.5 

2.8 ±0.76 

4.4 ±0.40 
(16.6) 

5.3 ±0.67 
(26.7) 

5.4 ±0.40 
(33.3) 

6.5 ±0.45 
(50) 

11 

2.1 ±0.31 

2.7 ± 0.44 
(16.6) 

4.5 ±0.47 
(50) 

(73.3) 

(66.7) 

(50) 

III 

2.0 ±0.1 
(20) 

4.2 ±0.57 
(50) 

(33.4) 


- 


IV 

4.1 ±0.47 
(13.3) 

(33.4) 
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hatched only in 0.5 ppt salinity but not in 2 to lOppt 
salinity. This is contrary to the above observations, but 
coincides with the speculations of a few workers'”^"^^ that 
M. malcolmsonii shows no breeding migration towards 
brackishwater whereas hatching takes place in freshwater 
and the zoea I move towards the slight saline areas. 
When the healthy 7th day embryos, reared in the culture 
medium containing 0.5 ppt salinity, were transferred to 
6 ppt salinity, mortality occurred. This may be due to 
osmotic stress, followed by the shrinkage of cells at 
higher salinities^^ Surprisingly, M. malcolmsonii brooders 
reared in 6 ppt salinity have not shown any adverse 
effects on developing embryos, and hatching occurs 
normally. This may be due to the maternal secretion 
which protects the developing embryos from the adverse 
external conditions. The incubation of developing 
embryos on the pleopods beneath the abdomen till 
hatching ensures greater survival against predators and 
other hostile environmental conditions 


Higher mortality occurring in clusters containing more 
than 35 eggs is attributed to the reduction of oxygen 
supply reaching the embryos. Therefore it is necessary 
to separate the large embryo clusters into individual 
embryo so as to expose a large portion of the embryo 
surface to the medium for free oxygen exchange. Egg 
incubation by the mother involves ventilation of the 
developing eggs by fanning her pleopods, so that water 
percolates between individual eggs, facilitating gaseous 
and ionic exchange^^. 

Moulting and breeding are not only the major energy 
demanding processesbut also egg carriage and venti¬ 
lation of the developing eggs^^. It was also observed, 
that the relieved females of M. nobilii which skipped 
spawning moult resulted in producing more brood/annum 
compared to normal females. This shows that removal 
of eggs from berried females provides ample scope to 
save energy. So it is likely that energy cost on incubation 
is channeled for the next brood production. Since, the 





Figure 1. I, 15-h-old embryo of about 32 cells; II, 3-day-old embryo showing a clear region (c) at one pole; III, 
5-day-old embryo; IV, 6-day-old embryo developing two eye spots (e) in the yolky mass (y); V, 8-day-oId embryo 
showing an enlarged oval-shaped eyes; VI, 9-day-old embryo with large oval-shaped eyes and translucent globules (t) 
at the dorso caudal region of the yolky mass (y); VII, 10-day-old embryo; VIII, 11-day-old embryo with prominent 
dark round eyes and the translucent globules (t) enlarged; IX, Newly hatched larvae on the 12th day. 
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embryo of M. malcolmsonii is highly adaptive to survive 
well in low nutritive medium, the eggs may be removed 
soon after fertilization from the mother and cultured in 
in vitro medium, thereby relieving the female to save 
energy, which can be used for producing the next brood. 
Thus the brood production per year can be increased. 
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MEETINGS/SYMPOSIA/SEMINARS 


Workshop on Fractals in Earth Sciences 

Date: 22-26 September 1997 
Place: Hyderabad 

The aim of the Workshop is to expose younger scientists 
through lectures and demonstration on Fractals and its 
applications to Earth Sciences. 

Contact: Dr V. P. Dimri 
Scientist F 

National Geophysical Research Institute 
Uppal Road, Hyderabad 500 007 
Fax: 040-7171564 
E-mail: postmast®csngri.ren.nic.in 

First International Conference on Parthenium Management 
(ICPM) 

Date: 6-8 October 1997 
Place: Dharward, India 

Themes include: Global view of parthenium and its manage¬ 
ment; • Advances in parthenium management; Utility values of 
parthenium; Future strategies and course of action. 

Contact: Dr V. C. Patil 

Organizing Secretary, ICPM 

University of Agricultural Sciences 

Dharwad 580 005, India 

Phone: 91-836-348321 Extn 265 

Fax: 91-836-348349, 347958, 348377, 348401 


South Asian Countries’ Seminar on Medicinal Plants 
(SACSOMP-97) 

Date: 9-12 November 1997 
Place: Patna, India 

Highlights of the seminar: Safeguarding and conservation of 
medicinal plants in the hills* and forests which are becoming 
extinct on account of deforestation; Cultivation of medicinal 
plants (including aromatic as well as those plants which give 
us spices) on scientific lines; Environmental pollutions and 
health hazards are increasing because of setting up of industries 
which are the source of exhaust gases and fumes; Role of 
medicinal plants in eradication of diseases like AIDS, Kala-Azar, 
Cancer, Malaria, Filaria, Leprosy, Renal failure, Cardio- 
Myopathy, Thalassemia, etc.; The use of biotechnology and 
genetic engineering for improvement of quality of medicinal 
plants; Recent discoveries/rcsearches in dentistry, animal dis¬ 
eases, extracting cosmetics and nutrients from plant life, etc.; 
Lectures on the commercial value of medicinal plants, methods 
of processing packaging, market potentialities, etc. for the benefit 
of those engaged in cultivation of medicinal plants. 

Contact: Dr Dineshwar Prasad 

Orgnizing Secretary, SACSOMP-97 
Sambey Kothi, Justice Rajkishore Path 
Kadam Kuan, Patna 800 003, India 
Phone: 91-612-664855, 654157 
Fax: 91-0612-653367 


CURRENT SCIENCE, VOL. 73, NO. 3,10 AUGUST 1997 


297 


BOOK REVIEWS 


Stability Theory. Hurwitz Centenary 
Conference, Centro Stefano Franscini, 
Ascona, 1995. R. Jeltsh and M. Mansour 
eds. Birkhaiiser Verlag. 1996. Price: Fr 128, 
Dm 148. 


Stability theory is one of those classical 
areas of study which appear in new garbs 
from time to time. It originally arose in 
connection with the study of mechanics, 
particularly connected with heavenly bod¬ 
ies. In more recent times stability theory 
has formed the backbone of the study of 
control systems. After all, one must 
guarantee that a system is stable, before 
one can expect other properties such as 
accuracy, noise rejection and optimality. 

In the eyes of a control theorist, the 
simplest dynamic system is described by a 
linear differential equation with constant 
coefficients. Such systems are called linear 
time-invariant systems. It is not so well 
known that J. C Maxwell, whose fame 
from electromagnetic theory overshadowed 
everything else that he did, was also the 
originator of stability studies of such 
systems. Studying Watts’ governors for 
steam engines, he was led to conclude that 
stability of linear time-invariant systems 
essentially reduces to the location of the 
roots of an algebraic equation in the 
openleft half plane. Although Maxwell 
was able to obtain stability conditions on 
the coefficients for only third order sys¬ 
tems, he stated the problem in a clear 
manner and paved the way for others to 
try for a complete solution. 

Hermite, Routh and Hurwitz obtained 
stability criteria for general nth order 
systems. The Hurwitz criterion was pub¬ 
lished in 1895 in Mathematische Annalen. 
Although Hermite had obtained an equiva¬ 
lent result earlier (1854), it did not attract 
much attention till recent times possibly 
because of the form in which it was stated. 
Routh’s criterion (1877) was well known 
in England, but surprisingly Hurwitz was 
unaware of it, perhaps due to the weak 
channels of communication between re¬ 
searchers at that time. The present volume 
is essentially a collection of papers pre¬ 
sented at the Hurwitz centenary confer¬ 
ence held at Ascona, Switzerland in May 
1995. 

Adolf Hurwitz was a Professor at ETH 
in Zurich, Switzerland. The present vol¬ 
ume is edited by Rolf Jeltsch and 
Mohamed Mansour, both faculty members 
of ETH. Thus the volume is a tribute paid 
to a former member of ETH by the present 


faculty members of the same Institution. 
The main part of the book is divided into 
three sections as follows: (i) Stability 
Theory, (ii) Robust stability, and (iii) 
Numerics, A list of 11 open problems 
follows the 3 sections and the book 
concludes with the original paper by 
Hurwitz in German. 

A Hurwitz matrix is a matrix obtained 
from the coefficients of the polynomial 
derived from the linear differential equation 
which is being investigated for stability. 
According to the Hurwitz criterion, the 
positiveness of the leading principal mi¬ 
nors of this matrix is necessary and 
sufficient for the zeros of the polynomial 
to be confined to the open left half of the 
complex plane. While this solves the 
stability problem, many researchers have 
gone further and extracted other useful 
information from the Hurwitz matrix. The 
paper by Beghi et al tells us how the so- 
called second order information indices of a 
transfer function (i.e. energies associated 
with a related impulse response and its 
derivatives) can be obtained from the 
Hurwitz matrix and uses them to find 
reduced-order models which retain the 
same information indices. 

The well-known Orlando formula is a 
landmark in establishing a useful relation 
between the Hurwitz determinants and the 
polynomial whose roots are the sums of 
the roots of the given Hurwitz polynomial. 
The paper by Gorecki et al generalizes 
this result to polynomials whose roots are 
linear combinations (with fixed integer 
coefficients) of the given Hurwitz polyno¬ 
mial. This leads to a new method for 
calculation of a generalized integral crite¬ 
rion. 

There are some papers dealing with 
basic theoretical issues connected with the 
Hurwitz criterion. Garloff and Srinivasan’s 
contribution is based on the concept of the 
Hadamard product which is the coeffi¬ 
cient-wise product of two polynomials. 
The authors show that the set of Hurwitz 
polynomials is closed under the Hadamard 
product, whereas, surprisingly, the prop¬ 
erty does not carry over to Schur polyno¬ 
mials whose eigenvalues are inside the unit 
circle. 

Genin considers the relationship be¬ 
tween the two equivalent approachers of 
the Cauchy index of a real rational function 
and the index theory of pseudo-loseless 
rational functions. This is utilized in 
providing a new simple proof of 
Kharitonov’s theorem which is the basis of 
most of the modem work on robust 


stability. (We will see more of this later in 
discussing robust stability.) 

There are a couple of other papers 
which do have overlap with the section on 
robust stability. Bemhardsson et al give a 
summary of the Real Stability Radius and 
Real Perturbation values. These give 
quantitative estimates of the extent of real 
perturbations of system elements of com¬ 
plex matrices needed to drive a related 
system to the verge of instability. The 
authors show connection of these concepts 
to other parts of mathematics such as 
Hermitian Symmetric Inequalities, The 
Moment Problem, consimilarity and Re¬ 
producing Kernel Hilbert Spaces. 

The paper by Atanassova et al (with 
Kharitonov as a coauthor) gives analytic 
criteria ensuring Hurwitz stability of seg¬ 
ments of real quasipolynomials of delay 
type given by 

f(z) =Po(z)e''o^+/j,(z)e'^i^+. . . 

where pj (z), j = 0,1, . . m are polynomials 
and Tq<Tj are real numbers repre¬ 
senting ‘delays’. The paper utilizes the 
concept of convex stability directions for 
such quasi polynomials. 

Some papers extend the Hurwitz crite¬ 
rion to other domains. Kraus et al obtain 
a generalized Hurwitz matrix for polyno¬ 
mial matrices which are used, for instance, 
in the analysis of multiple-input, multiple- 
output (MIMO) systems. The key idea 
used here is the relation between the 
Hurwitz matrix for a polynomial and the 
Lyapunov equation in the Kronecker form. 
Hari C. Reddy et al extend the concept of 
Hurwitz polynomials to two-dimensions. 
A detailed classification and testing of 
various two-dimensional Hurwitz polyno¬ 
mials is presented in this paper. Such 
studies are currently very relevant in 
connection with two dimensional digital 
filters, 2-variable reactance functions and 
two-dimensional positive real functions. 

A few papers in the section deal with 
the concept of stability in different con¬ 
texts, not necessarily related to the Hurwitz 
criterion. Sontag and Sussman consider 
nonlinear systems and establish the equiva¬ 
lence between controllability and existence 
of certain types of Lyapunov functions, 
called here as control-Lyapunov functions. 
The proof relies on viability theory and 
optimal control techniques. The paper by 
Strietrzel attempts to analyse stability of 
fuzzy control systems, which are by 
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nature highly nonlinear. Classical concepts 
such as describing functions are applied. 
An interesting idea is that of a stability 
supervisor which generates the needed 
stabilizing input to the plant, by measuring 
changes in the Lyapunov function. 

In the sole contribution from India, 
Vi dy as agar considers a neural network that 
performs discrete optimization over (0,1)". 
When the objective function is a multilinear 
polynominal, almost all trajectories con¬ 
verge to a local maximum in a finite time, 
and in fact it is possible to make them 
converge arbitrarily quickly. The results 
are regarded as significant in the develop¬ 
ment of a theory of complexity of analog 
computation. 

In a lucid historical review, leading 
present-day stability theorist Eliahu Jury 
provides a comparison of the work of four 
illustrious mathematicians of the nine¬ 
teenth century, namely Hermite, Routh, 
Lyappunov and Hurwitz which totally 
affected research on stability in the 20th 
century. Five important applications of the 
Hurwitz criterion are mentioned in the 
paper. 

Studies on robust stability in recent 
times are based on a fundamental result by 
Kharitonov. When the coefficients of the 
polynominal being investigated could lie 
anywhere in known intervals, the surpris¬ 
ing result obtained by Kharitonov was that 
stability could be established by studying 
the stability of 4 related polynomials 
having coefficients selected from the end 
points of the intervals. This fundamental 
discovery has led to many related studies 
on robust stability. 

There are six papers in the section on 
robust stability. Anderson and Dasgupta 
give the extension of a number of passive 
multiplier theory-based results to time- 
varying and multivariable settings. The 
heart of these extensions is the existence of 
square roots of operators representing 
stable multivariable and/or linear time vary¬ 
ing systems which are stable under all 
scalar, constant positive feedback gains. 

A robust adaptive control law for 
possibly non-minimum phase systems is 
given by Lozano and Sua’rez using a 
standard least squares algorithm with a 
dead zone. The control law ensures 
boundedness of all the closed loop system 
signals and the closed loop poles can be 
asymptotically assigned arbitrary values. 

Stability of systems described by a 
linear differential equation whose coeffi¬ 
cients vary inside given intervals and with 
restricted magnitudes of rates of change is 


considered by Mans our and Anderson. 
This is obviously a generalization of the 
Kharitonov problem to time-varying coef¬ 
ficients. Using Lyapunov functions, ex¬ 
treme point results which give sufficient 
conditions for stability, are obtained. 

Sienel brings out the interesting fact 
that while the computational effort needed 
for robust stability analysis increases rap¬ 
idly with the number of uncertain param¬ 
eters, the analysis can be performed ex¬ 
tremely fast for the so-called tree-struc¬ 
tured systems which frequently occur in 
practice. Also one can generate the 
stability profile which is the right hand 
side of the boundary of the root set and 
hence contains the most important stabil¬ 
ity information. Wu and Mansour give a 
solution of the robust stability problem of 
polynominal families whose coefficient 
vectors are affine in an uncertain parameter 
vector bounded by the l^-norm. The paper 
by Zeheb considers the concept of local 
convex directions for a given Hurwitz 
polynomial and gives a simple algorithm to 
find a continuum of polynomials which 
form such directions. 

Most of the five papers in the section 
on Numerics deal with the stability of 
discretization procedures in ordinary and 
partial differential equations. There is a 
paper by Collins and another by Li ska and 
Steinberg which use a method of symbolic 
computation in the form of an algorithm 
called Quantifier Elimination Using Partial 
Cylindrical Algebraic Decomposition 
(QEPCAD). The former paper approxi¬ 
mates a polynomial by another of lower 
degree while the latter is concerned with 
initial value problems in partial differential 
equations. 

The papers by Jeltsh and Truramer 
consider stability of numerical methods for 
differential equations, The former paper 
also relates it with other aspects such as 
accuracy of the methods. Sreedhar gives a 
fast algorithm to compute the real struc¬ 
tured stability radius with reference to the 
open left half plane or the open unit disc. 
This is based on a well-known correspond¬ 
ence between the singular values of a 
transfer function matrix and the imaginary 
eigenvalues of a related Hamiltonian ma¬ 
trix. 

The section on Open Problem lists 11 
unsolved problems mostly continuing the 
topics explored in the papers. These are 
on topics such as stability of a convex set 
of matrix polynomials, robust stability and 
passivity, real perturbation values, time- 
varyingly stable interval systems, simplest 


possible property of Hurwitz criterion, 
representation of transfer functions in 
continued fractions and the robust stability 
of controllers for fuzzy plants. The 
problems appear to be mostly fundamental 
and quite complex. They could inspire 
new lines of attack on problems known to 
be hard. 

The crowning part of the book is the 
original paper by Hurwitz in German. 
This is certainly a gift by the editors as the 
paper is not easily available. Even a 
passing acquaintance with German is 
adequate to appreciate the author’s ease of 
approach in the derivation of the stability 
criterion. An English translation would 
have benefited the readers immensely. 

In common with other conferences of 
this type, it is too much to expect that all 
the papers would be of interest to a 
researcher in stability theory. However, 
most researchers would find at least a 
paper or two in their area of concern. It 
goes to the credit of the editors that they 
have been able to collect contributions on a 
wide range of problems in Stability Theory. 
I think Hurwitz would have been happy to 
see the many directions in which his 
criterion has been refined, extended and 
utilized for problems not necessarily con¬ 
fined to stability. 

M. A. L. Thathachar 

Department of Electrical Engineering, 
Indian Institute of Science, 

Bangalore 560 012, India 


Noam Chomsky: A Life of Dissent. 
Robert F. Barsky. The MIT Press, 55, 
Horward Street, Cambridge, Massachu¬ 
setts 02142-1399, USA. 1997. Price: 
$27.50. 236pp. 


This is an adulatory political biography of 
Noam Chomsky. The author, who is an 
assistant professor in the Department of 
English at the University of Western 
Ontario in Canada, gives as his reasons for 
writing the book: ‘Chomsky is one of this 
century’s most important figures, and has 
been described as one who will be for 
future generations what Galileo, Descartes, 
Newton, Mozart, or Picasso has been for 
ours. ... I believe much can be learned by 
looking at Chomsky’s life and work in the 
context of the milieus from which they 
have emerged and to which they have 
contributed ....’ (p. 3,5). 
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For over 50 years Chomsky has been a 
prolific speaker and writer. According to 
the author, Chomsky has published over 
70 books and over 1000 articles in a range 
of fields including linguistics, philosophy, 
politics, cognitive sciences, psychology. 
... According to Arts and Humanities Cita¬ 
tion.Index he is eighth on a short list of the 
most cited fugures of ail time. The first ten 
entries in the list, in order, are: Marx, 
Lenin, Shakespeare, Aristotle, the Bible, 
Plato, Freud, Chomsky, Hegel, Cicero. 

(p. 3). 

A constantly recurring theme in 
Chomsky’s life and work is his contention 
that academia (i.e. intellectuals) and the 
State have an inevitable self-serving ten¬ 
dency to collude to ‘manage’ the lives of 
ordinary people. ‘The reasons academics 
often assume this managerial role in rela¬ 
tion to Soceity, Chomsky feels, are related 
to their quest for power ... and the high- 
level of indoctrination to which they have 
been submitted as members of a ruling 
elite.’ The author notes that ‘Chomsky’s 
views on these matters are often similar to 
those of the thinkers who had a formative 
influence on his outlook, notably Bakunin 
and Pannekoek.’ (p. 165). 

The basic problem with this attitude is 
that while in some cases (perhaps, even in 
many cases) it may be true, to assert that 
it is’ necessarily true in all cases leads to 
counter-productive consequences. Chomsky 
seems to have a tendency to assess all 
situations in terms of two polarized ex¬ 
tremes admitting no possibilities of grey 
shades in between. This results in an 
intolerant attitude, and a refusal to admit 
the possibility of alternative modes of 
action equally honest and equally well- 
meaning. I would like to illustrate this with 
a couple of examples from the book under 
review. 

In the context of intellectuals’ partici¬ 
pation in protest movements, Chomsky 
says about himself: ‘...I knew that signing 
petitions, sending money, and showing up 
now and then at a meeting was not enough. 

I thought it was critically necessary to take 
a more active role, and I was well aware 
what that would mean. It is not a matter of 
putting a foot in the water now and then, 
getting it wet and then leaving. You go in 
deeper and deeper. And I knew that I 
would be following a course that would 
confront privilege and authority.’ (p. 124). 

Chomsky criticizes Einstein for what 
(according to Chomsky) he should have 
done but did not do. ‘Compare Russell and 
Einstein, two leading figures, roughly the 


same generation. They agreed on the grave 
dangers facing humanity, but chose differ¬ 
ent ways to respond. Einstein responded 
by living a very comfortable life in 
Princeton and in dedicating himself to 
research that he loved, taking a few 
moments for an occasional oracular state¬ 
ment. Russel responded by leading demon¬ 
strations and getting himself dragged off by 
the cops, writing extensively on the prob¬ 
lems of the day, organizing war-crime 
trials, etc. The result: Russell was and is 
reviled and condemned. Einstein is admired 
as a saint. Should that surprise us? Not at 
all’ (pp. 32-33). 

Here is a counterview from Chekov. 
Why Chekov? Because, he is not a person 
who could be easily fooled about ordinary 
people, for as he himself says about 
himself: ‘There is peasant blood in my 
veins and you cannot astonish me with 
peasant virtues.’ And he goes on: ‘... 
reason and justice tell me that in electricity 
and steam there is more love of man than 
in chastity and abstinence from meat. War 
is evil and law is evil, but it does not 
follow from that that I must wear wooden 
shoes and sleep on the oven with my 
labourer and his wife....’ May be Einsten’s 
‘devoting himself to research that he loved’ 
resulted in longer-term benefits to human¬ 
ity. 

Chomsky’s utterly negative gut-reac¬ 
tion to B. F. Skinner and his approach to 
the study of human behaviour (i.e. Behav¬ 
iourism) is well-known. In an interview on 
this subject Chomsky said: ‘...As far as 
the Skinner thing is concerned ... I think it 
is a fraud, there’s nothing there. I mean it is 
empty. It’s an interesting fraud ... I mean 
there are no principles there that are non¬ 
trivial, that even exist.... Why is [there] so 
much interest in it [then]? And here I 
think the reason is obvious. I mean that the 
methodology that they are suggesting is 
known to every good prison-guard, or 
police interrogator. And they make it look 
benign, and scientific, and so on. They give 
a kind of coating to it and for that reason it 
is very valuable to them...’ (pp. 99-100). 

In one sweep of the brush, a whole 
generation of psychologists is tarred. It 
just does not occur to Chomsky that there 
is a possibility of someone mistakenly, 
misguidedly, but genuinely and honestly 
(without any ulterior motive whatever), 
believing in the scientific validity of behav¬ 
iourist principles applying to human be¬ 
haviour. One can see the exemplification of 
the same kind of paranoia and intolerance 
in the following case. 


‘... In the early 1950s, debate was 
raging over the breakthroughs that new 
technology was promising in the under¬ 
standing of human behaviour. Computers, 
electronics, acoustics, mathematical theory 
of communication, and Cybernetics were 
all in vogue, and researchers were busy 
exploiting them. Chomsky, a graduate 
student in his early twenties, was uneasy 
with this activity: ‘some people, myself 
included, were rather concerned about 
these developments, in part for political 
reasons, at least as far as my own 
motivation was concerned, because this 
whole complex of ideas seemed linked to 
potentially quite dangerous political cur¬ 
rents: manipulative and connected with 
behaviorist concepts of human nature.’ 

(p. 80). 

Barsky gives a blow-by-blow account 
of Chomsky’s political development and 
activities starting from his childhood and 
ending up with a picture of ‘Noam 
Chomsky, sixty-eight years old, Institute 
Professor, linguist, philosopher, grand¬ 
father, champion of ordinary people.’ 
(p. 217). Chomsky’s involvement in lan¬ 
guage and linguistics is touched on only 
tangentially - mostly based on secondary 
sources. 

Considering that such a large part of 
Chomsky’s public life has been circum¬ 
scribed by his involvement in protest 
movements of one kind or another, one 
aspect struck me as highly significant. In 
the current century, one seminal contribu¬ 
tion of India to socio-political behaviour 
has been the theory and practice of 
morally-tenable civil disobedience. There is 
no evidence whatever of any awareness of 
this either on the part of Chomsky or of 
the author of this political biography. 

R. Narasimhan 

CMC Ltd, 

Mitra Towers, 

10/3, Kasturba Road, 

Bangalore 560 001, India 


Rural and Renewable Energy: Per¬ 
spectives from Developing Countries. 
P. Venkataraman, ed. Tata Energy Research 
Institute, Darbari Seth Block, Habitat 
Place, Lodi Road, New Delhi 110 003. 
1997. Price not known. 


This volume is a collection of papers from 
several sources - some specifically written 
for this volume, and some drawn from 
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BOOK REVIEWS 


earlier publications. It has 24 contribu¬ 
tions, of which 15 contributions are from 
India with 11 of them from Tata Energy 
Research Institute, the publishers, and 9 
are distributed between Brazil, China, 
Senegal, Pakistan, France, UK, Denmark 
and USA. The Indian view is overly TERI 
view and it is not obvious that there are no 
other thinkers, contributions from whom 
would have enriched the reading. A large 
part of Latin America is un-represented 
and Africa implies Senegal in this volume. 
Thus more effort to obtain issues from 
other countries in the African continent, 
both success stories and unsolved prob¬ 
lems would have benefited the volume. A 
substantive part of the book is a critique of 
the impact of governmental interventions 
into rural development and the way poli¬ 
cies impact on the lives of large populations. 
Also there are insights into what might 
work and what will not. One example of 
this appears in Goldenberg’s one and a half 
page article in which mass production of 
portable stoves reduced the cost of stoves 
from US 12$ to 2$ and this seems to have 
created a large private industry catering the 
large employment and also served the 
needs of a large population in Kenya. 

Chandrasekhara Sinha, Venkataramana 
and Veena Joshi discuss rural energy 
planning with regard to effective inter¬ 
vention strategies. This article reprinted 
from an earlier 1994 publication presents 
several national programmes, the National 
Programme on Biogas Development 
(NPBD), National Programme on Im¬ 
proved Chulas (NPIC), Integrated Rural 
Energy Programme (IREP) and Urjagram 
and a critique on these. The main point 
made is that these programmes must be a 
part of total development rather than 
individual activities for them to have an 
impact of significant measure. While there 
can be no dispute about this point, one can 
also argue tackling the entire gamut of 
issues is complex and sorting out issue by 
issue might contribute to societal develop¬ 
ment in a reasonable measure. In a 
subsequent article, Chandrasekhara Sinha 
and Veena Joshi examine the biofuel de¬ 
mand estimation in rural domestic scene 
based on the earlier reports of various 
governmental committees. They bring out 
significant differences between various re¬ 
ports and attempt at rationalizing the 
results. They point out a direction of 
work, which might generate good database 
for about 3000 villages. In another paper, 
Venkataramana and Veena Joshi discuss 


trends and issues in the use of biofuels in 
India and identify issues of data acquisi¬ 
tion methods and assessment of accuracy 
of data. There does not appear deaf focus 
in this paper as most points discussed are 
too general. The article by Archer on the 
application of geographic information sys¬ 
tem (GIS) for assessing bioresidue avail¬ 
ability with details of results from Paki¬ 
stan is an illuminating article in an area 
where enough work has not been com¬ 
pleted in India. This paper outlines the 
methods used to obtain accurate estimates 
from satellite imagery, ground truth sur¬ 
veys and other collateral information. The 
principal message is that rapid assessment 
on large scale is indeed possible. Sorensen 
in another article argues for rural energy 
options, which are very unconventional - 
to rely on state-of-the-art technologies 
manned by highly educated sections set¬ 
tling in mral areas. While all assessments 
indicate to urbanization, the thesis in this 
paper that urbanites will move into villages 
and work towards better quality of life - 
appears very utopian. Kishore has made a 
critical assessment of renewable energy 
technologies for India - imports vs indig¬ 
enous development. This article has many 
incisive observations; but has bloomers as 
well. The criticism about the need to 
modify the unqualified acceptance and 
support to solar photovoltaics is very 
valid. The comment about the need to 
import selective coatings technology for 
SPVs is ill informed since the National 
Aerospace Laboratories (and not Limited 
as indicated in the article) has developed 
them and the know-how has already been 
transferred to private industries. The table 
of comparison on the area required to 
generate a certain amount of power-through 
the use of different technologies can be 
misleading if it is not combined with other 
aspects like cost and subsidiary benefits. 
For instance, it is not necessary to grow 
fuel wood trees or energy forest as it is 
called. Why not grow a mixed forest 
including horticultural plantations so that 
the annual productivity can be much higher 
and the magnitude of the residue is still 
reasonably high. The account of biomass 
gasification programme is incomplete and 
imbalanced in several places. The presen¬ 
tation on bio-methanation has some truths 
and half-truths. The fact that chemical 
engineering inputs have not been received 
for the development of biogas plants is 
correct. However, that one can generate 
power from biogas plants and put into grid 


seems exaggerated since the magnitude of 
power that can be generated is small in 
most cases - typically up to about 20 kWe 
or so. It is only in distilleries where large 
bio-methanation plants exist, one can con¬ 
template larger scale power generation 
about a few MWs, but the industry has 
sufficient absorbing capacity and no power 
need be pumped into the grid. Shukla in an 
interesting article uses Market Allocation 
model (called MARKAL) to examine the 
role of renewable energy technologies in 
India. The penetration will depend on the 
relative costing of the technologies, which 
is not indicated. Aspects of carbon tax and 
fuel cost scenarios are included in the 
forecast. The conclusion appears to be 
that subsidies may be unavoidable. With 
the fuel costs going up an energy tariff 
structure changing all over the country, it is 
not clear how many conclusions are indeed 
valid. There are a number of other articles, 
notably by Ajit Gupta of MNES, Naidu 
from IREDA, Pradeep Monga from UNDP 
(India), which describe the issues related to 
policies, financial incentives, institutional 
barriers which are indicative of the status 
about two years ago. With so many 
discussions of the possibilities of 
renewables in seminars and symposia the 
dynamism in introducing venues for 
renewables has increased several fold in the 
last two years. 

The contents of the book encompass all 
the renewables and the distinction between 
rural energy and renewable energy is lost. 
For instance, the grid connected wind 
power has as much relevance as another 
large power station in feeding into grid 
which is perennially known to be not 
stable and has at best weak relevance to 
rural energy.- -The article on small hydro 
development by Arun Kumar of TERI is 
an essay on many issues on the periphery 
of rural energy. This is because one cannot 
expect the location of streams for harness¬ 
ing hydropower to be close to villages. 

On the whole, the book does give a 
perspective of renewable energy and views 
on matters some of which could be more 
wholesome. Followers of renewable en¬ 
ergy will find parts of this book useful, 
parts they will disagree and with the latter 
position, much discussion will ensue. 

H. S. Mukunda 

Department of Aerospace Engineering, 
Indian Institute of Science, 

Bangalore 560 012, India. 
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PERSONAL NEWS 


Prince of the oceans 

An obituary of Jacques-Yves Cousteau 


Captain Jacques-Yves Cousteau, the legen¬ 
dary manfish who opened the mysteries of 
the unknown ‘planet ocean’ - the living 
world under the seas - to millions of 
readers and viewers throughout the world, 
died in Paris at the age of 87 on 25 June 
1997. A sailor, a diver, a naval officer, a 
prolific writer, an explorer, an inventor, a 
cinematographer, a self-taught naturalist 
and a pioneering environmentalist, 
Cousteau’s face was more familiar than 
anybody else’s mainly through his popular 
TV serial, The Undersea World of Jacques 
Cousteau and his many documentaries and 
books. Among friends and collaborators 
(he had called himself JYC pronounced as 
‘Zheek’), JYC was a man with a sense of 
humour, someone who was alternately 
serious and sardonic, a man with convic¬ 
tion, a celebrity whose existence was both 
emphatic and detached. 

For more than half a century, he probed 
the underworld that virtually he discovered 
in his beloved wooden vessel Calypso 
which made numerous voyages around all 
the continents and even the big rivers of 
China and Latin America. He invented the 
‘Aqualung’ or the self-contained underwa¬ 
ter breathing apparatus (SCUBA), which 
made skin-diving for marine adventure 
safe. As a result, at present there are more 
than a million people throughout the world 
who have taken to the sea for adventure 
and recreation. In 1986, he added one 
more vessel named Alcyone with specially 
designed aluminium sails honeycombed 
with solar cells, under the stewardship of 
his son Jean-Michael Cousteau to com¬ 
plete part of the ‘Rediscovery’ mission. 

As a part of the rediscovery expedi¬ 
tions, JYC was given special permission 
by the Government of India for a joint 
Indo-French exploration of marine life 
around Andaman and Nicobar islands dur¬ 
ing March-April, 1989. This writer had 
the proud privilege of being a member of 
the Indian team aboard Calypso for two 
weeks. In this celebrity, I found a cordial 
and respectful personality with poetic 
dreams, a philosopher’s vision and at the 


same time, a scientist’s accuracy of obser¬ 
vation. We would take reports after each 
dive from the team of divers and if 
something unusual was found, he would 
call us, the Indian team for briefing. Once 
after diving around Southbank islands, he 
reported that about 10-12 years ago, 
cyclonic storm must have destroyed coral 
reefs beneath the surface and a regeneration 
would take at least sixty years under 
favourable conditions. From our memory, 
we recollected the cyclone of 1977, exactly 
12 years ago. He dreamt of a better vessel 
Calypso 11 to replace Calypso I which 
served for six decades. He also showed us 
the design of Calypso II as early as 1989. 



He could not collect enough funds to fulfil 
'his dream even when Calypso I subse¬ 
quently sank in 1996. 

Cousteau won three Academy Awards 
(Oscar) for best documentary films for The 
Silent World (1957), La Poisson Rouge 
(1959) and World Without Sun (1965). He 
founded the Cousteau Foundation and the 
Cousteau Society with offices at Paris and 
New York, whose membership now is over 
200,000. He has authored more than 80 
books, and a 20-volume encyclopedia The 


Ocean World, and dozens of articles. He 
also produced several full length feature 
films and about a hundred short films for 
TV. He received many prestigious awards 
and honours including Grand Prix awards, 
gold medal from National Geographic Soci¬ 
ety, Washington and Royal Geographic 
Society, London, honorary fellowship of 
Academy of Sciences of US, France, Indian 
Academy of Sciences, International Envi¬ 
ronment Prize of United Nations, honor¬ 
ary doctorate in Science from Universities 
of California at Berkeley, Brandeis, 
Harvard, Ghent, etc. 

JYC was bom on 11 June 1910 near 
Bourdeux in France. His parents were 
Daniel and Elizabeth. In 1937, JYC 
^ married Simone who remained his compan- 
5 ion on land and sea for 53 years (Mrs 
I Simone Cousteau was the only female 
X member in Calypso and used to spend 
almost 9 months a year on the sea). 
Simone was probably the world’s first 
woman scuba diver. He has given us a new 
definition of prosperity which means ‘a 
wealth which transcends national bounda¬ 
ries and which is ultimately global’. In 
fact, he was the first protagonist of 
conservation in the fifties, during making 
of the film The Silent World when ecology 
and biodiversity conservation were not 
common jargons. He brought to the world 
attention, the danger of overharvesting the 
ocean and equated their practice to ‘van¬ 
dalism’, i.e. akin to damaging public prop¬ 
erty. It was a concept that served as a 
beacon for subsequent environmental move¬ 
ments. 

In a fitting tribute to JYC, let us now 
pledge for preserving tomorrow’s heritage: 

‘One earth. One water, One people, 
One hope.’ 

Radha Kanta Mandal 


Department of Biochemistry, 

Acharya J, C. Bose Birth Centenary Build¬ 
ing, PA/12, CIJ Scheme VIIM, 

Calcutta 700 054, India 


Edited and published by Prof. P. Balaram and Prof. S. Ramaseshan, Current Science Association, Bangalore 560 080. 
Typeset by R D Typesetters, Bangalore (Ph: 3405672). Printed by Lotus Printers, Bangalore (Ph: 3380167), 
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FLUID CONTROL RESEARCH INSTITUTE 

Iq^qI Kanjikode West, Palghat 678 623, Kerala 

(An autonomous R & D Institute under Ministry of Industry) 

Department of Heavy Industry, Govt of India 

Applications are invited for the post of 

1. SR. RESEARCH OFFICER (PHYSICAL STANDARDS & METROLOGY LAB) 

Scale: 

Rs 3000-100-4500 (TE at the minimum of the scale Rs 8770/- p.m. (under revision) 

Qualification: 

Doctorate in Physics/M Tech in Engineering with machine design as specialization. In the case of persons 
with engineering background, proven experience in the use and application of FEM softwares will be an 
added qualification. 

Experience: 

PhD/M Tech in engineering: 4/7 years of practical experience; PhD in physics: about 10 years 
experience. Shouid be conversant with sophisticated metrology equipments and familiar with calibration 
procedures and standards of calibration of precision instruments. 

Responsibilities: 

The incumbent will be in charge of Physical Standards & Material Testing Laboratory and wiil plan and 
execute expansion of testing and calibration activities of the lab and cater to the calibration needs of smail, 
medium and large scale industries. 

Age: 40-45 years. 

2. RESEARCH ENGINEER (SOFTWARE GROUP) 

Scale: 

Rs 2200-75-2800-100-1000 (TE at the minimum of the scale Rs 6458/- p.m. (under revision) 
Qualification and Experience: 

the candidate should preferably be an I IT post graduate with Mechanical Engineering/Specialization in 
Machine Design, familiar with FEM techniques, valve design and machine structure using CAD/CAM. 
Experience in CAD and FEM analysis for at least 5 years would be a prerequisite. Should be in a position 
to take up advanced mechanical analysis/calculations for hydraulic pressure equipment using FEM 
techniques. Fresh M Techs with specialization in CAD/FEM will be considered for Research Associates/ 
Trainees. 

Age: 

30-35 years. 

How to apply: 

Candidates meeting the above requirements may appiy within 15 days in the prescribed form obtainable 
from the Senior P&A Officer furnishing a non-refundable Postal Order worth Rs 25/- in favour of FORL 
payable at Kanjikode West. 
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CHAPMAN CONFERENCE 

(AMERICAN GEOPHYSICAL UNION) 

ON 

STABLE CONTINENTAL REGION (SCR) EARTHQUAKES 

25-29 January 1998 

Venue: National Geophysical Research Institute (NGRI) 

Hyderabad 500 007, India 

SCOPE: There is growing evidence that intraplate regions are much more vulnerable to earthquakes that was 
hitherto thought. This is indeed corroborated by the events at New Madrid Zone (USA), Tennat Creek (Australia), 
Ungava (Canada), Kutch, Koyna, Latur, Jabalpur (India), etc., which occurred in different shield areas of the world. 
In several developing countries like India the problems caused by Stable Continental Region (SCR) earthquakes 
have become very serious because of large population density and non-engineered structures. In view of the basic 
as well as great applied significance of the SCR Earthquakes, the CHAPMAN CONFERENCE is being organized by 
AGU, at the National Geophysical Research Institute, Hyderabad (India). 

This conference convenes a group of leading international experts in Seismology, Tectonophysics, Engineering and 
Theoretical studies to focus on the database, mechanisms and stress regimes of SCR earthquakes. This group will 
try to evaluate potential mechanisms, repetitions and pre-shock indicators. Field visits to the deadly Latur 
earthquake region, the Koyna Reservoir of RIS are being arranged. 

CONVENORS: Harsh K. Gupta and Arch C. Johnston 

MAIN TOPICS 

* Mechanics of SCR Earthquakes in Response to Compressional/Additional Forces 
•* Comparison of Stress Regimes of Different Shield Areas 

* Source Parameters of SCR Events 

* Do SCR Earthquakes Repeat? 

* Are SCR Events Preceded by Pre-shocks? 

* Mechanical Consequences of Erosion of Highland in the SCR 

* Possibility of fluids and resulting variation in the Seismic Stability 

* Thermomechanical History of SCR 

* SCR Earthquakes: Case Histories 

* Geochemical, Geoelectrical and other Studies 

SCIENTISTS INTERESTED IN THE ABOVE TOPICS MAY SEND THEIR ABSTRACTS TO HARSH K. GUPTA BY 
15 OCTOBER 1997 ON THE FORMAT OF JOURNAL OF GEOLOGICAL SOCIETY OF INDIA. 

FOR STUDENTS AND RESEARCH SCHOLARS INTERESTED IN PARTICIPATING IN THE CONFERENCE, II 
CLASS RETURN TRAIN FARE AND SUBSIDIZED BOARDING AND LODGING FACILITIES SHALL BE PROVIDED 
AT NGRI TO 25 PERSONS. PERSONS INTERESTED IN AVAILING THIS FACILITY MAY PLEASE WRITE TO 
DR P. KOTESWARA RAO, SCIENTIST, NGRI, HYDERABAD 500 007. 

HARSH K. GUPTA 

NGRI, Hyderabad 500 007 

Ph: (040) 7171124, Fax: (040) 7171564, E-mail: harsh©csngri.ren.nic.in. 
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ANDHRA UNIVERSITY 

VISAKHAPATNAM 

Senior Research Fellow in Geology Department 
(DAE-funded Project) 

Applications are invited from candidates having M Sc/M Sc(Tech) Geology for a Senior Research Feilow 
to work in a DAE-funded Project entitled “Geological Radiometric and geochemical studies along and 
across the contacts of Archaean and Mesozoic Gondwana Formations of Chintalapudi sub basin of 
Khammam and West Godavari Districts of Andhra Pradesh”. 

The project duration is 3 years. Candidates should have a minimum of two years research experience to 
be considered for Senior Research Fellow. Candidates without the required experience can also apply. 
They will be considered along With others for a JRF, if suitable applicants for the SRF are not available. 
The initial emoluments are Rs 2,800/- p.m. for SRF/or JRF Rs 2,500/- p.m. HRA will be given as per the 
norms. 

Candidates should apply on plain paper giving biodata including educational qualifications and experience. 
Candidates will have to appear at an interview at Andhra University, Visakhapatnam at their own 
expenses. The date and time of interview will be intimated individually to the applicants under certificate 
of posting. 

The candidates are to send their applications to Prof. T. Ramamohana Rao, Principal Investigator, DAE 
Project, Department of Geology, Andhra University, Visakhapatnam 530 003 to reach him on or before 
25 August 1997. 

FIRST ANNOUNCEMENT 

INTERNATIONAL CONFERENCE ON ARSENIC POLLUTION OF GROUND 
WATER IN BANGLADESH: CAUSE, EFFECT AND REMEDY 

9-13 FEBRUARY 1998 
VENUE: DHAKA, BANGLADESH 
Including 2-day visit to arsenic-affected villages 


CONTACT PERSONS: 

IN BANGLADESH: 

Professor Quazi Quamruzzaman, Chairman, Dhaka Community Hospital Trust, 
1089 Malibagh Choudhurypara, Dhaka 1219, Bangladesh. 

Tel: Off. 88-02-834887, 88-02-416582, Res. 88-02-833385, E-mail: dch@bangla.net 

IN INDIA: 

Dr Dipankar Chakraborti, Director, School of Environmental Studies, 
Jadavpur University, Calcutta 700 032, India. 

Tel: Dept. 91-33-4735233, Res: 91-33-4121239. 

Fax: direct 91-33-4734266, E-mail: dcsoesju@giascl01.vsnl.net.in 

ORGANIZEDBY; 

DHAKA COMMUNITY HOSPITAL TRUST, 

DHAKA, BANGLADESH. 

SCHOOL OF ENVIRONMENTAL STUDIES, 

JADAVPUR UNIVERSITY, CALCUTTA, INDIA. 
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POST-DOCTORAL RESEARCH PROGRAMME IN LIFE 
SCIENCES AND BIOTECHNOLOGY 
Indian Institute of Science, Bangalore 560 012 

(A Programme sponsored by the Department of Biotechnology, Government of India) 

Post-doctoral Research Associateships (Approx. 10 positions) are available for bright young scientists to 
work in the frontier areas of modern biology at different departments of the Biological Sciences Division 
of the Institute. The Associateship is purely temporary and is tenable for a maximum period of 2 years 
starting from 1 October 1997. The award is given initially for a period of one year and it is renewable for 
the second year on satisfactory performance. 

Candidates holding Ph D degree in any branch of Life Sciences/Chemistry/Physics or M D, and a 
uniformly good academic background are eligible for selection. Also candidates who have already 
submitted the Ph D thesis but are awaiting the formal award of the degree are eligible to apply, but they 
will be appointed as Research Associates (Provisional) till they obtain the degree. Minimum consolidated 
emoluments for Research Associates will vary from Rs 4000/- to Rs 4500/- p.m. Single room 
accommodation will be provided in the hostel for the selected candidates. 

Candidates may apply on plain paper with biodata, list of publications (include reprints of important papers 
published), copies of degree certificates (B Sc, M Sc, Ph D), brief one-page synopsis of Ph D thesis, 2 
letters of references (academic) and a declaration by the candidate stating that in case selected for the 
associateship, he/she will complete the 2-year tenure of the programme. The interviews for the 
associateships will be held in lISc by the third week of September 1997. 

Applications should be addressed to Prof. K. P. Gopinathan, Chairman, Microbiology and Cell 
Biology Department, Indian Institute of Science, Bangalore 560 012, to reach him before 31 August 
1997, should be clearly marked on the envelope as DBT Post-Doctoral Associateship. 



MEETINGS/SYMPOSIA/SEMINARS 


Workshop on Vertebrate Reproduction 

Date: 29 December 1997 to 12 January 1998 
Place: Dharwad 

The aim of the workshop is to expose young research workers as 
well as pre-Ph D students to recent advances and gaps in our 
understanding of the mechanisms controlling reproduction, 
especially with reference to the Indian vertebrates. Wide range of 
topics from evolution of reproductive strategies, patterns of 
reproductive cycles, mechanisms regulating the gonadal activities, 
etc, to molecular aspects of reproductive biology as well as captive 
breeding of wild/endangered animals will be dealt with. 

Contact: Dr S. K. Saidapur 

Department of Zoology 
Kamatak University 
Dharwad 580 003 
Fax/Phone: 836-348047 
Fax: 836-348884 


Seminar on Science and Technology in Ancient India 

Date: 25-26 April 1998 
Place: Thane 

Subjects include: Agriculture, horticulture, vermiculture, forestry, 
soil and water management, etc.; Architecture, town planning and 
civil engineering; Astronomy; Biological sciences; Environment 
and ecology; Foods and cooking; Health, nutrition and allied 
subjects; Linguistics grammar and phonetics; Mathematics; Metals 
and materials; Numismatics and epigraphy; Paper writing and 
manuscripts; Physical sciences; Ship building and Navigation; 
Textiles; Traditional industries. 

Contact: ‘Shivashakti’ 

Dr Bedekar’s Hospital 
Naupada, Thane 400 602 
Phone: 5421438, 5423260 
Fax: 5442525. 
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We’ll help you get there 

If you’re selling science books/journals or 
laboratory products, or wish to recruit 
scientists in your establishment, then 


you’re sure to benefit by 
advertising here. 

Because Current Science reaches nearly every 
university, scientific institution and industrial 
R&D unit in India. What’s more, it’s read by 
hundreds of individual subscribers—students, 
doctoral scientists and professionals in vir¬ 
tually every field of scientific activity in India, 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 



C. V. Raman Avenue, P. B. No. 8001, 
Bangalore 560080 
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Current Science 



Special Publications 



Title 

Guest Editor 

India 

(Rs) 

Price 

Abroad 

(US$) 

1 . S. N. De and Cholera Enterotoxin 

P. Baiaram 

50 

12 

2. The Ramachandran Map and Protein and 
Peptide Structures 

P. Baiaram 

50 

12 

3. Waves and Symmetry 

G. Srinivasan 

50 

15 

4. A Celebration of Colour in Astronomy 

G. Srinivasan 

175 

20 

5. Clinical Research and Health Care in 
Developing Countries 

G. N. Menon 

50 

12 

6., Biotechnology in India 
(copies out of stock) 

P. Baiaram 


-- 

7. Remote Sensing for National Development 
(copies out of stock) 

M. G. Chandrasekar, 

B. L. Deekshatulu, 

V. Jayaraman, George Joseph, 

R. L. Karale, K. Kasturirangan, 

S. Krishnamurthy, K. Radhakrishnan 



8. Extinct Plants, Evolution and Earth’s History 

B. S. Venkatachala, 

C. V. Subramanian 

70 

20 

9. Seismology in India - An Overview 

Harsh K. Gupta 

100 

20 

10. Alzheimer’s Disease: An Emerging 

Issue for the Developing Countries 

George M. Martin 

150 

15 

11 . Artificial Intelligence 

R. Narasimhan 

100 , 

12 

12. Quaternary Period in India 

K. S. Valdiya 

150 

20 

13. Pollination Biology in Tropics 

K. S. Bawa, K. N. Ganeshaiah, 

R. Uma Shaanker 

100 

12 

14. Inner Planets 

R. N. Singh 

150 

25 

15. Condensed Matter Science - Current 

Status and Plan for Action 

T. V. Ramakrishnan, 

S. V. Subramanyam 

150 

20 

1 6. Neuroscience - A multidisciplinary approach 

P. N. Tandon, 

Raghavendra Gadagkar 

150 

20 

17. Reproductive Biology 

T. C. Anand Kumar 

150 

20 

18. Animal Welfare 

K. N. Ganeshaiah, 

Anindya Sinha 

150 

20 

19. AIDS in Asia 

David E. Bloom 

150 

20 

20. Indian Remote Sensing Satellite - IRS-1 C 

- 

300 

30 

21. JGOFS (India) 

S. Krishriaswami and R.R. Nair 

150 

20 

Contact: The Circulation Department, Indian Academy of Sciences, P. B. No. 8005, Bangalore 560 080, India. 

Tel.: 91-80-334 2546; Grams: ACADEMY; Telex: 845-2178 ACAD IN; Fax: 91-80-334 6094; email: currsci@ias.ernet.in 
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DNA Fingerprinting 
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About the Qouvse 

Advances in biotechnology are poised to have a far- 
reaching impact on the quality of human life and 
environment. One of the remarkable application of 
biotechnology has been the development of the 
technique of DNA fingerprinting. This technique is, 
today, the most sensitive and reliable means available 
for individual identification, paternity tests and 
forensic investigations. Histocompatibility testing by 
DNA analysis will soon revolutionize the way organ 
procurement agencies cross-match donors and' 
recipients. 

Understanding of the organization and linear order of 
genes on 24 different chromosomes, and the 
knowledge of where genes associated with molecular 
disease are located, will enable us to define normal 
and abnormal human biology and utilize this 
information for predicting, detecting, preventing and 
counselling and possibly for treating human diseases. 

Since the test performed by DNA diagnostic as well as 
crime laboratories can have a significant impact on 
genetic counselling and the outcome of trials, 
respectively, it is important that test procedures used 
possess a high degree of accuracy and reproducibility. 
It is, therefore, proposed to organize an International 
Course on DNA fingerprinting. For the course, 20 
candidates who are actively engaged in research in 
the field of Forensic Science, Medicine, Agriculture, 
Molecular Biology and other Biological Sciences, will 
be selected. 


Course Programme 

Topics to be covered through lectures 

> Bacterial, Human and Population Genetics 

> Statistical Analysis 

> Structure of DNA 

> Principle and Applications of DNA 
Fingerprinting 

> Polymerase Chain Reaction (PCR) 

> Detection of Genetic Disorders by Restriction 
Fragment Length Polymorphism (RFLP) 

> Automated Fluorescence Analysis of STRs 

> Automated DNA Sequencing 

Practicals 

> Isolation of plasmid and bacterial DNA 

> Vector-host systems 

> Molecular cloning 

> Automated DNA sequencing 

> DNA fingerprinting of samples of human, animal 
and plant origin using multi-and single locus 
probes and PCR and microsatellite primers 

l/Zegistration 

There will be a registration fee of Rs. 15,000/- or 
equivalent amount in US $ per candidate to be paid in 
advance by their respective Institutions/Departments 
by DD in favour of the Course Director, CDFD 
payable at Hyderabad, India. 

Unique features 

> Sponsoring agencies prefer candidates from 
Member Countries. However some candidates 
from India will also be admitted. 

> It is not a mere demonstration of techniques but 
it offers hands-on training, in which all the 
participants will be doing experiments under 
expert supervision. 

> Participants can have contact with CDFD/CCMB 
even after the Course is over. We will try to help 
them whenever they encounter any technical 
difficulties. 

> Boarding and lodging will be provided by the 
organizers without any additional charge. 

Request for ApplicationlCorrespondence 

Dr Lalji Singh 
Officer on Special Duty 

Centre for DNA Fingerprinting and Diagnostics 
CCMB campus, Uppal Road 
Hyderabad 500 007, India 

Phone 040 7171252 

Fax 040 7150008, 040 7171195 

E.mail lalji@ccmb.globemail.com 

Deadline of Application 

Foreign candidates: 20th September, 1997 

Indian candidates: 6th October, 1997 
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In this issue 


Reflections on research 
careers 

Every year the arrival of the monsoon 
coincides with the annual admissions 
exercise, which selects students for 
doctoral degree programmes at 
national institutions and universities 
across the country. While the mon¬ 
soons in recent years have generally 
been classified as ‘good’, the quality 
and quantity of students aspiring to 
enter scientific institutions appear to 
be declining. Rationalizing the behav¬ 
iour of monsoons may require simulta¬ 
neous consideration of a large number 
of parameters. On the contrary, expla¬ 
nations for the falling yield of research 
students may be easier to achieve. 
Rajagopal et al analyse the factors 
that influence the choice of research as 
a career (page 326). The authors have 
a unique vantage point - the human 
resources development cell of the 
CSIR, which funds research students 
and post-doctoral associates across the 
country. The authors begin with a 
question - ‘Do our young researchers 
make a determined effort to enter the 
portals of our R&D institutions with 
research as a career in their minds or 
do they gravitate there buffetted by 
circumstances beyond their control?’ 
They employ a questionnaire and 
analyse 315 responses. (Interestingly, 
the response rate was -40% out of a 
total of 766.) Such sociological studies 
are restricted by the limited sample 
size and the design of questions. 
Nevertheless, the authors conclude 
that ‘our young researchers are fired 
with enthusiasm to work for the 
betterment of mankind and/or bring 
out something fruitful through their 
research efforts’. In their conclusion, 
the authors suggest that we must 
search for ‘missing links that influence 
the mismatch between motivation and 
performance’. 

There is little doubt that science as 
a career has become increasingly un¬ 
attractive, despite the many schemes 
that are discussed in institutions and 


committee rooms across the country. 
Ironically, even announced schemes 
are rarely implemented efficiently. The 
decline in the value of scholarships 
and the absence of rudimentary facili¬ 
ties at most institutions are hardly a 
good advertisement for science. Even 
more serious, is the lack of a sense of 
excitement in science and a general 
atmosphere of despondence that pre¬ 
vails in most universities and national 
laboratories. Conflicting signals put 
out by science administrators, who 
bend with every gentle political breeze, 
have left many active researchers 
wondering whether potential ‘applica¬ 
bility’ of a research area is the sole 
criterion for determining allocation- of 
scarce resources or whether ‘excel¬ 
lence’ (a much abused term; ‘proven 
performance’ may be a more prag¬ 
matic alternative) is a dominant factor. 
The sight of laboratories flush with 
money, based on promise and not 
performance has led to distortions in 
the way in which science is perceived 
from the outside. Prospective entrants 
to this profession can hardly fail to be 
influenced. The inability of science 
departments of government to move 
decisively, and most importantly in 
concert, to improve scholarships, con¬ 
tingencies and post-doctoral fellow¬ 
ships reflects a crisis of leadership. 
Even the authors’ own organization, 
the CSIR, starts post-doctoral associ¬ 
ates on a stipend that is calculated to 
repel rather than attract the best. The 
bureaucracy which has so successfully 
advanced its own interest in successive 
Pay Commissions is the major stum¬ 
bling block in improving conditions in 
other areas. Self-congratulation has 
become a way of life in our better- 
endowed institutions, an attitude that is 
hardly conducive to thinking about 
improvements for the future. 

In the last few weeks, nostalgia has 
reigned supreme and rightfully so, 
since the 50th anniversary of Inde¬ 
pendence is indeed a major milestone 
in the passage of time. Science and 
technology have been developed in 


great measure in India over this pe¬ 
riod, but difficult days lie ahead. 
Ramanna (page 319) considers one 
sensitive issue; the availability of 
adequate electrical power and champi¬ 
ons the cause of nuclear energy. There 
is probably no other area of science 
and technology which attracts greater 
debate than nuclear energy. In'espec- 
tive of which side of the nuclear fence 
that one stands, many of the author’s 
remarks have a general bearing on the 
process of decision making, that limits 
purposeful action in any chosen direc¬ 
tion. The author has had a ringside 
view and his comments on matters 
‘oscillating between Finance and the 
Planning Commission’ are a sharp 
reminder of the minefield of bureauc¬ 
racy that has to be negotiated even 
before a project begins. His view, 
‘that this is done as a part of the 
governance that you have two bodies 
always at variance, to postpone the 
issue when the government is unable 
to take a decision’, will strike a chord 
in all those who have participated in 
multiple committees, which keep us 
apparently active but generally station¬ 
ary. The execution of many critical 
(and inordinately delayed) projects in 
diverse areas, requiring imputs of 
highly trained technical manpower will 
be jeopardized if there is a continual 
fall in the quality of scientists and 
engineers entering national institutions. 
The flight of engineering students of 
all disciplines to financial and market¬ 
ing management and software indus¬ 
tries is a reflection of the times. The 
declining entry to all programmes, 
even well established ones like the 
DAE’s training school must be a cause 
for concern. 

The articles by Rajagopal et al. and 
Ramanna in this issue, although unre¬ 
lated, should stimulate thinking on 
future directions in both research and 
education in all areas of science and 
technology. 

R B alar am 
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CORRESPONDEN CE 


Medical research in India 


In spite of a brave defence put up by 
Ramamurthi^ with regard to the write-up 
of Arunachalam^ and comments of 
Valiathan^, the fact remains that the 
Indian medical research continues to be 
pedestrian. I list a few correctable 
shortcomings, which may be helpful. 

1. One of the serious drawbacks in 
medical research in our country has 
been the isolation of medical 
sciences from other branches of 
science and technology. Help from 
chemists for analysis or synthesis of 
chemicals and drugs, engineers to 
shape or build equipment or 
biologists for comparative studies is 
often not sought. The Medical 
Council of India must allow 
employment of atleast one staff 
member from these specialities in 
basic science departments of 
medical colleges for such interac¬ 
tion. 


2. Often the medical researcher is at a 
loss for information and does not 
know where to direct his queries. I 
give a few examples: (i) Whom do I 
contact to build a piece of equip¬ 
ment to measure the short circuiting 
current across a membrane? (ii) Is 
there a source other than 'Sigma’ 
for collagenase? (iii) Can somebody 
teach me the technique of isolation 
of cardiac muscle cells from mice? 
(iv) Is the cell line from colonic 
carcinoma available in India? (v) Is 
it true that herbal treatment of 
Walajah is superior to allopathic 
medicine in curing Hepatitis A? 

I suggest that we should establish a 
‘Science and Technology Information 
Centre’ suitably manned by sympathetic 
and patient scientist-counsellors to help 
out researchers in this regard. Bringing 
out a directory of 'Who is doing what in 
Indian science’ is also a good idea. 


3. In recent years I have been a wit¬ 
ness to the exodus of a large num¬ 
ber of medical researchers from 
basic laboratory-oriented science to 
epidemiology. I am afraid this will 
further compromise the few gains 
we have made on the scientific 
front. Even the funding by ICMR 
seems to be tilted in this direction. 
A corrective action in this area is 
urgently needed. 


1. Ramamurthi, B., Curr. Sci., 1997, 73, 7. 

2. Arunachalam, S., Curr. Sci., 1997, 72, 
912-922. 

3. Valiathan, M., Curr. Sci., 1997, 72, 911. 


J. Prakasa Rao 


Department of Physiology, 
Christian Medical College, 
Vellore 632 002, India 


SCIENTIFIC CORRESPONDENCE 


Is Eremostachys superba Royle ex. Benth really at the verge 
of extinction? 


In a note published in these columns, 
Rao and Garg* state that Eremostachys 
superba Royle ex. Benth, an exquisitely 
beautiful wild ornamental of Lamiaceae, 
is near extinction and ‘might breathe its 
last in the coming 4-5 years itself if no 
effective conservation measures are 


initiated’. Their conclusion is based on 
the fact that the Indian Plants Red Data 
Book-I (ref. 2) put the number of plants 
of the species in its type locality Mo- 
hand, Dehradun (UP) at lOO. Ten years 
following publication of this book, Rao 
and Garg^ found that the number of 


individuals has reduced to an all-time 
low of 25. This alarming decline and the 
doubt whether the process of eminent 
extinction can be reversed is reflected 
by the title of their note — Can Eremo¬ 
stachys superba Royle ex. Benth be 
saved from extinction? 
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SCIENTIFIC CORRESPONDENCE 


As a follow up of publication of this 
note, we scanned the Flora of British 
Inclia^ and some regional floras"^’^ pub¬ 
lished thereafter, to list the places 
wherefrom the species has been reported 
and collected in the past. Literature 
survey has revealed that apart from De- 
hradun (Mohand and Rajaji National 
Park), the species has also been reported 
from Domel in Jammu division of the 
J&K state‘s and from Kangra in HP^. 
Survey teams were sent to Domel, 
25 km north of Jammu city, in March 
1996. The team has spotted a population 
of about 400 plants. This discovery 
should put at rest the alarm raised about 
the immediate extinction of the species 
by Rao and Garg*. Discussions held 
with some Gujjars, Bakerwals and other 
aboriginals of the area, knowledgeable 
about the plant, indicate possibility of 
occurrence of the species elsewhere in 
the state also. Surveys proposed for next 
year alone can confirm the claims. 

At Domel, plants of E. superba grow 
in, and on the edges of agriculture 
fields, in association with such other 
plants as Blumea mollis Men*., Mi- 
cromeria hiflora Bth., Lamiurn amplexi- 
caulis Linn., Vida sativa Linn., V. 
hirsuta Gray., Adhatoda vasica Nees., 
Allium rube Hum M. Bieb., Ageratum 
conyzyoides L., Trifolium fragiferum L., 
Carissa opaca Stapf. ex. Haines, etc. 
Plants of E. superba are robust, ranging 
between 42 and 135 cm ( X = 97.75 cm) 
in height. The plants flower in March- 
April. It is a wonderful site to watch 


plants in full bloom with robust spikes 
laden with as many as 29-124 
( X = 70.90) golden yellow flowers. The 
deep yellow spikes make a contrast with 
deep green leaves (Figure 1). 

The plants produce abundant pollen 
{X = 70,000 per flower). The colourful 
flowers are large, aromatic and zygo- 
morphic with bilipped corolla. These 
floral features constitute the syndrome 
of entomophily. During field studies, a 
number of insect visitors were collected 
from the flowers; chief among these is 
the bumble bee (Hymenopetra). Follow¬ 
ing their visit to the flower, the bees 
were found carrying heavy pollen load 
of the species on various body parts, 
confirming that they are involved in 
pollination of E. superba. Forced self- 
ing imposed by bagging, did not result 
in seed set, suggesting that the species 
is a habitual outbreeder. 

The plants produce seeds in nutlets. 
Seed set, estimated from 8 plants, aver¬ 
ages 28% per plant. A good quantity of 
seed was collected from the plants dur¬ 
ing the first week of May. Part of the 
seed has been posted to K. R. Shivanna 
of Delhi University, who has raised in 
vitro plantlets of the species. In com¬ 
parison to plants at Domel (Jammu), those 
at Dehradun are low-seed bearers which 
could be for a variety of reasons including 
pollinator limitation and population size as 
indicated by Rao and Garg'. 

Seeds of Eremostachys superba are 
brown, longer than broad (7x3 mm) 
with a prominent notch at one end. Seed 



Figure 1. a. Spike of Eremostachys superba Royle ex. Benth.; b. Part of a spike in bloom. 


surface is ridged; the ridges carry 
prominent, white, distantly placed bris¬ 
tles concentrated on the Chalazal end. 
The seeds are heavy; 100 seeds weigh 
1.055 g. These will be tried for germi¬ 
nation during coming winter months. 

According to Rao and Garg‘, the 
species has been endangered by the 
wanton picking of ornamental spikes, 
whereby sexual reproduction suffers. 
While this can pose a threat to the un¬ 
protected, defenseless, ornamental herb, 
our survey team has revealed another 
stress, which is by far more devastating. 
The shepherds dig out huge quantities 
of thick root stock of the perennial or¬ 
namental every spring, dry them and 
store them for use. These are sliced into 
small pieces, mixed with cattle feed and 
fed to such cows, bulTaloes, and goats, 
etc., which stop yielding milk. As per 
information provided by Gujjars and 
Bakerwals of the area, an average 
quantity of 1/2 - 4 kg is fed to a buffalo 
with 4 or 5 successive meals to restore 
milching. Exploitation of such a high 
magnitude, year after year, is apt to 
squeeze natural population and bring 
the species to a stage of extinction 
which Rao and Garg' thought it had 
already reached. 

Note added in proof 

The authors have discovered three more 
populations, one each at village Suke- 
tor, Domel and Khandel, all in district 
Jammu. The number of individuals in 
the three populations is around 700. 


1. Rao, R. R. and Garg, A., Cun\ ScL, 
1994, 67, 80-81. 

2. Jain, S. K. and Shastry, A. R. K., The 
Indian Plant Red Data Book-I, BSI Pub¬ 
lication, 1984, p. 90. 

3. Hooker, J. D., Flora of British India, Wil¬ 
liam Clowes, London, 1885, vol. IV, p. 695. 

4. Sharma. B. M. and Kachroo, P., Flora of 
Jammu and Plants of Neighbourhood, 
Bishen Singh Mahendra Pal Singh, 
Dehradun, 1981, vol. 1, p. 264. 

5. Chowdhary, H. J. and Wadhwa, B. M,, 
Flora of Himachal Pradesh, Botanical 
Survey of India, Howrah, 1984, vol. 2, p. 
567. 


A. K. Koul 
R. Mangotra 
S. Verma 


Department of Biosciences, 
University of Jammu, 
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RESEARCH NEWS 


Prediction of earthquakes - Frustrating research 

A. V. Sankaran 


Earthquakes are associated with large frac¬ 
tures or faults in the Earth’s crust or upper 
mantle and according to a simple model, 
when two crustal blocks are forced to slide 
past each other, friction along this plane 
(called fault plane) causes some portions 
to stick to each other, resulting in a build 
up of deformation strain. When finally the 
frictional lock is overcome at some point 
along the line, an earthquake slip occurs. 
This point of slip is the focus of the 
earthquake and the site on the surface of 
the earth above this focus is the epicentre. 
While elastic strain builds up along the line 
of fault over several years, the release of 
the stored-up energy takes only a few 
minutes. 

Among the various natural hazards, 
earthquakes in populated areas pose the 
greatest threat to life and property and 
they have, therefore, prompted serious 
studies from the scientific community for 
over 100 years. Needless to point out, 
major handicaps to directly monitor the 
forces that trigger these natural 
catastrophies are the inaccessibility of the 
zones experiencing build-up of friction and 
also want of appropriate instrumentation. 
Further, the building up of strain occurs 
very gradually, typically over decades. 
Nonetheless, thanks to systematic 
advances in the physics of the interior, 
particularly in seismology, we have been 
able to recognize potentially hazardous 
areas and assess the likely impact on 
structures and buildings to enable develop¬ 
ment of proper designs to withstand the 
shocks and to construct ‘intelligent’ build¬ 
ings that have masses that shift to counter 
the tilt movement of the ground during an 
earthquake. However, in spite of the 
voluminous data gathered from innumerable 
earthquakes, short-term prediction of an 
imminent earthquake has been eluding the 
scientists. 

During the 1970s and 80s, a few 
systematic approaches to earthquake pre¬ 
diction were undertaken by researchers on 
some of the monitorable changes preceding 
the events. One of them correlated the 
regularity of earthquake events (e.g. six 
earthquakes struck every 22 years since 
1857, along the San Andreas fault in 
California) with time taken for the stress 
to build up between two successive events 


and based on such data, forecast for the 
next rupture was made after allowing for 
natural variables; but the predictions failed^ 
Another research approach in the seventies 
was based on the rock dilatancy effect^, 
which had initially a few successful predic¬ 
tions but failed subsequently. This method 
relied on the inelastic volumetric increase 
observed in the rocks due to the formation 
and propagation of cracks within the zone 
prior to an earthquake. In yet another 
approach to this problem, Chinese scien¬ 
tists achieved a few successful predictions 
by extrapolating ongoing seismic activity 
in the earthquake-prone Jiashi County in 
China. They could forecast accurately the 
time and magnitude of three successive 
quake events in 1961; this made it possible 
for the authorities to evacuate residents 
hours before quakes of 6-6.4 magnitude 
destroyed over 2000 homes. However, as 
the Chinese and US seismologists later 
admitted, such forecasts in areas experienc¬ 
ing swarm type events, as in the Jiashi 
county, are easier but predictions for 
isolated regions is more challenging and 
complex^ 

Today, the conventional notion that an 
earthquake occurs when the accumulated 
stresses along a fault section exceed a 
threshold is much doubted. Two geophysi¬ 
cists, Didier Somete and Leon Knopff of 
the University of California (L.A.), feel 
that this view has to be revised as we now 
know through seismology that faults are 
not isolated systems but are controlled by 
complex forces acting on inhomogeneous 
rocks having vaiiable strength and other 
mechanical properties. In fact, the two 
geophysicists have even doubted the as¬ 
sumption that longer the time since the last 
earthquake event, the sooner will be the 
next one. Their mathematical calculations 
on this aspect have actually led to an 
opposite conclusion; they say that the 
chances of a major earthquake event in an 
area diminishes as time goes by, a conclu¬ 
sion they were led to, when they evaluated 
statistically the ‘probability density of 
time intervals between quakes’"^. Where 
small earthquakes strike periodically, they 
conform to a simple mathematical prob¬ 
ability density; in other regions, where 
events are irregular or infrequent, this 
probability density follows a Poisson 


distribution. The chances, say the authors, 
of another earthquake striking the area 
remain constant with passage of time and 
it is unrelated to the elapsed time since the 
last event. 

Researchers are now increasingly turn¬ 
ing to computer modelling, thanks to the 
ability of the computer to simulate in a 
few hours stress build-up of decades; the 
results of such studies have indicated that 
predicting earthquakes accurately is com¬ 
plex and difficult^ Apart from these few 
approaches to earthquake prediction, sev¬ 
eral signals preceding quakes have been 
suggested as precursors such as crustal 
movements, spate of micro shocks, changes 
in hydrological, geochemical and biological 
spheres in the neighbourhood of the zones, 
anomalous animal behaviour, variations or 
spurt in electromagnetic radiation, and 
many more measurable or perceptible 
phenomena including astrological fore¬ 
bodings; but none of these precursors was 
found to be viable when evaluated against 
the norms for acceptability (developed, for 
example, by International Association for 
Seismology and Physics of the Interior). 
Earthquake predictions, to be meaningful, 
should give the warning of the forthcoming 
event in a reasonably short time, accurate 
with respect to location and magnitude and 
should have high reliability and universal 
applicability. 

In a recent report, Robert Geller of the 
University of Tokyo and his colleagues at 
the Universities of California (L.A.) and 
Bologna^ have pointed out that many of 
the suggested precursors have been re¬ 
ported only after the earthquakes had 
taken place and some of them have been 
recommended without even an assessment 
of their suitability by conducting rigorous 
statistical correlation. In fact, these authors 
say that each new claim publicized stipu¬ 
lates a new set of conditions, making 
‘hypothesis setting, which is what sepa¬ 
rates speculation from science, nearly 
impossible’^. Presently, the global endeav¬ 
our for deriving foolproof set of viable 
clues for earthquake prediction has been so 
frustrating that some of the countries like 
Japan, who were in the forefront in this 
field, are having second thoughts on con¬ 
tinuing the projects. 

In a meeting on ‘Assessment of Schemes 
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for Earthquake Prediction’, held in London 
last November, a number of scientists 
discussed the various precursory phenom¬ 
ena put forward so far and concluded (i) 
that the complexities in the build up of 
Earth’s continents and ramifications of 
several forces in operation leading to an 
earthquake, make predictions extremely 
difficult, a reason why none of the recom¬ 
mended precursors could be successfuP"'^; 

(ii) also, the earthquake-prone areas can be 
visualized as existing in a state of self- 
organized criticality or at the edge of 
chaos, a situation comparable to a pile of 
sand grains, where addition of a few grains 
can precipitate avalanches ranging in size 
from a few grains to entire slopes. Like¬ 
wise, a minor event in these critical areas 
within Earth’s crust experiencing interplay 
of assorted physical and chemical forces, 
can trigger disrupting earthquakes of vary¬ 
ing magnitudes; actually, seismologists have 
noted that a rupture in one fault can 
transfer stresses to neighbouring ones and 
initiate a cascading response from them*"^®; 

(iii) rupture initiation in a fault zone 
(nucleation zone) for small magnitude 


earthquakes is quite different from that of 
larger ones^**^^, and, further, this rupture 
can be due to factors other than those that 
build up friction; (iv) knowledge of several 
of the interlinked forces in operation is a 
pre-requisite for prediction and this is 
impossible to achieve, given the complexi¬ 
ties of the problem involving systematic 
observation of ‘subtle phenomena, formu¬ 
lating hypothesis and testing them thor¬ 
oughly against future earthquakes spread 
over decades, with no guarantee of suc- 
cess’^ 

The geoscientists who gathered in Lon¬ 
don last November to assess the prediction 
schemes have rightly felt that the hiatus in 
the development of reliable prediction 
methods should at least spur investigative 
agencies to concentrate more on hazard 
mitigation by intensive study of the mecha¬ 
nism of earthquakes, their seismic propa¬ 
gation and likely impact on potential sites 
so that better guidelines can emerge in 
reducing damage to life and property. 
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Homi Bhabha Centre for Science Education (TIER) 


S. Ramaseshan 

One generally associates Tata Institute of 
Fundamental Research with its research 
schools in mathematics and physics at 
Mumbai. The scientific community in 
India is also aware of its work in radioas¬ 
tronomy, the radiotelescope at Ooty and its 
current major project of constructing a 
Giant Metrewave Radio Telescope near 
Pune. A National Centre of TIFR in Bio¬ 
logical Sciences has also come up at Ban¬ 
galore. Against this background, it is 
interesting to know that TIFR has also set 
up, with DAE assistance, a major National 
Centre devoted to science and mathematics 
education and popularization. 

As with other offshoots of TIFR, this 
Centre, too, was not created as a planned 
initiative. It seems to have just happened. 
In the late 1960s, some scientists of TIFR 
began to feel concerned with the general 
state of science education in the country. A 
few of them started some programmes on a 
voluntary basis in the schools of Bombay 
Municipal Corporation. The activities 
grew rapidly and a strong need was felt for 
institutional support to carry out field 
projects systematically, conduct basic re¬ 
search in science education and bring out 
relevant educational materials. B. M. Ud- 
gaonkar and V. G. Kulkarni knocked at 
several doors for help but encountered 
apathy and indecision. Fortunately, the Sir 
Dorabjee Tata Trust agreed to support the 
activities and the Centre was founded in 
July 1974 as a project at TIFR. By 1981, 
the Centre had earned considerable repu¬ 
tation for the quality and relevance of its 
work and DAE undertook to support it 
fully as a unit of TIER. A decade after its 
inception, with new staff members joining 
it, the Centre expanded its activities sub¬ 
stantially on different fronts. In time, it got 
recognized as one of its National Centres 
under the School of Physics of TIFR. For 
eighteen years, the Centre had operated 
from a small wing of a Municipal School 
in Central Mumbai. Thanks to a generous 
DAE grant, an independent building was 
built for it at Anushaktinagar. The new 
campus to which it moved some four years 
ago has good infrastructure and facilities. 
A hostel is also coming up at its premises 
and is expected to be functional by the end 
of this year. 


What strategies has the Centre adopted 
to make meaningful contributions to the 
difficult enterprise of science and mathe¬ 
matics education in India? Udgaonkar 
explains that from its inception the Centre 
decided to work at the school tier of edu¬ 
cation and focus on the remedial education 
of socio-economically disadvantaged stu¬ 
dents. In parallel with its work on munici¬ 
pal school children in Mumbai, it took up 
a project of improvement of middle school 
science teaching in the rural area around 
Khiroda in Maharashtra. The project in¬ 
volved orientation of teachers over a pe¬ 
riod of three years, extended school visits 
and monthly follow-up meetings. A low- 
cost laboratory kit was developed that 
continued to be evolved and used in the 
Centre’s elementary school programmes 
since then. 

Two among the several action research 
projects initiated by the Centre’s founder 
Director (V. G. Kulkarni) in the 1980s are 
especially noteworthy. In one, linguisti¬ 
cally simplified versions of middle school 
textbooks were prepared and tested on a 
large sample of municipal school children. 
The study apparently showed that a simple 
inexpensive step of using simplified lan¬ 
guage in the textbook (with no other re¬ 
forms or changes in the curriculum) leads 
to considerable improvement. Students 
perform better, teacher-pupil interaction 
improves and, most importantly, the dif¬ 
ferential in performance of students from 
different socio-economic strata decreases. 
In another signilicant and important ex¬ 
periment lasting about six years (1980- 
86), the Centre worked on several batches 
of Scheduled Caste students from the mu¬ 
nicipal schools in Mumbai and demon¬ 
strated that it was possible to develop 
inexpensive and specific remedial meas¬ 
ures in science and mathematics to im¬ 
prove the scholastic performance of these 
disadvantaged students, not marginally but 
substantially. Equipped with this confi¬ 
dence, the Centre undertook a number of 
large-scale collaborative projects with the 
Government of Maharashtra and with 
NGOs in different parts of the State. The 
projects involved teacher orientation or 
orientation of resource persons who in turn 
taught teachers. The positive results seen 


in the earlier pilot scale experiments got 
considerably diluted, as was to be expected 
since direct contact with students was not 
feasible. Yet the Centre gained rich field 
experience, especially with regard to the 
possible methodology for transferring its 
results when operating on a small scale, 
into the larger educational system. I be¬ 
lieve few organizations in the country, and 
also Eklavya (in MP) and Kerala Shastra 
Sahitya Parishad, have such extensive 
experience of grassroots teaching of sci¬ 
ence and mathematics. Currently, the Cen¬ 
tre is involved in yet another ambitious 
project that involves orientation of teach¬ 
ers of the network of residential tribal 
schools (ashram schools) in Maharashtra. 
Also, the Centre is trying to extend its 
activities beyond its local state. Its strategy 
Ibr this purpose is to collaborate with na¬ 
tional networks of schools such as those of 
the Atomic Energy Education Society, 
Bharatiya Vidya Bhavan, etc. In the past 
five years, a number of orientation pro¬ 
grammes have been carried out as far as in 
Kalpakkam (Tamil Nadu), Hyderabad, 
Ravatbhata (Rajasthan), Jaduguda (Bihar) 
and Kodaikanal. The Centre is one of the 
few organizations in the country which has 
the wherewithal to carry out quality pro¬ 
grammes of teacher orientation in science 
and mathematics up to senior secondary 
level. 

An important plank of the Centre’s ac¬ 
tivities is the development of remedial and 
enrichment books. Some of the books 
(published by the Oxford University Press) 
have been translated into several Indian 
languages. The books have not been pro¬ 
fessionally reviewed, and a major limita¬ 
tion of the effort is the virtual absence of a 
distribution network, which is the reason 
the Centre’s work is not known in many 
places where it should be known. Since 
mathematics is a major cause of failure and 
alienation among the disadvantaged, the 
Centre has taken up remedial mathematics 
education as one of the thrusts of its ac¬ 
tivities. Considerable remedial materials in 
mathematics have been produced, though 
most of these remain to be translated from 
Marathi to other Indian languages. This 
effort is being led by a theoretical physi¬ 
cist, H. C. Pradhan, who^ after a Ph D in 
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Nuclear Theory from MIT decided to turn 
completely to physics and mathematics 
education. 

One important thing about HBCSE, 
Udgaonkar explains, is that it emphasized 
the content of science and mathematics as 
much as pedagogy. From the beginning, 
the Centre took care to see that the staff 
members it recruits are not mere peda¬ 
gogues, but have reliable competence in 
their respective disciplines. After a decade 
of its work at the school level, the Centre 
decided to extend its activities to senior 
secondary and introductory college levels, 
and to bright students also. The current 
Director of the Centre (Arvind Kumar) 
who joined it in 1984, with a reputation as 
an excellent University teacher, initiated 
this activity in physics. A ‘Homi Bhabha 
Study Circle’ was started for motivated 
college students. The Circle emphasized 
problem-solving in physics that is sorely 
absent in normal college education. A 
large number of problems in senior secon¬ 
dary and undergraduate physics were de¬ 
signed, many of which found their way 
into the new NCERT textbooks in physics 
for classes XI and XII, which were devel¬ 
oped mainly at Bangalore. After moving to 
the new campus in 1992, these efforts have 
been extended to other disciplines. New 
laboratories up to junior college level have 
come up in physics, chemistry and biol¬ 
ogy, and it is nice to see some of the inno¬ 
vative experiments that have been 
developed. The Centre has also begun to 
participate in the mathematical olympiad 
activities. It organized the International 
Mathematical Olympiad Training Camp at 
its premises this year and the last. From 
this year, the Centre has been assigned a 
key academic and organizational role in 
the physics olympiad activities. I was told 
that the Centre was looking for bright and 
motivated young mathematicians and 
physicists (and scientists in other areas 
too!) to join it and increase its participa¬ 
tion in the olympiad activities. Arvind 
Kumar is excited about this new role the 
Centre is to play in the promotion of con¬ 
tent excellence at a crucial stage of educa¬ 
tion. 

A thing unique to the Centre is its inter¬ 
est from its inception in basic research in 
students’ learning processes. This subject, 
now going by the name ‘cognitive science’ 
seems to have become the core intellectual 
area of the group. A number of staff mem¬ 
bers with varied backgrounds in psychol¬ 
ogy, sociology and philosophy are quite 


excited about this area which is probably 
pursued only at a few other places in the 
country. The Centre organized an Interna¬ 
tional Workshop on Cognitive Bases of 
Learning in 1995 and the proceedings have 
been brought out by the National Centre 
for Software Technology. Its staff mem¬ 
bers have published considerable research 
in international journals devoted to this 
area. The connection of this area with ac¬ 
tual practice of education may be some¬ 
what far-fetched but they believe it is 
essential to develop expertise in this sub¬ 
ject for ensuring quality of its work in the 
long run. On the other side of the coin, 
various field activities feed into the re¬ 
search in cognitive science. 

Most of the activities mentioned above 
refer to the formal education sector. 
Udgaonkar says that from the beginning, 
the Centre had also been interested in 
popularization of science among the 
masses. In its early years, the Centre con¬ 
tributed to the Satellite Instructional Tele¬ 
vision Programme. It has also produced a 
package of easy-to-use folders for basic 
science literacy for the non-formal educa¬ 
tion stream. The Centre’s staff continue to 
write expository articles/books on science 
and mathematics and a number of titles 
have been brought out over the years. For 
several years, the Centre operated a ques¬ 
tion-answer service. Any child could send 
a query to the Centre and expect to get the 
answer by post. Still the activity of the 
Centre on this front appears subcritical. 
One new direction the Centre has taken 
pertains to history of science. The Centre 
has assembled an impressive exhibition on 
this theme at its premises. In a span of 
some 32 panels, it summarizes milestones 
in science from its primitive beginnings to 
twentieth century science and there are 
future plans for bringing out a series of 
books on history of science and audio¬ 
visual materials on this theme for large- 
scale dissemination. This seems a nice 
idea, but is very difficult to implement. 

Where would all these disparate activi¬ 
ties converge to, and are they not spread¬ 
ing their elTorts too thin? Arvind Kumar 
shares these fears but said that the Centre 
was now trying to operate in a mission 
mode, at least so far as the development of 
books and materials is concerned. The 
principal mission was to develop an alter¬ 
native curriculum - Homi Bhabha curricu¬ 
lum - as they like to call it with some 
pride. One hopes the curriculum justifies 
the name, of one of our greatest physicists. 


This means developing alternative text¬ 
books and • collateral materials in school 
science and mathematics. The Centre has 
participated in textbook writing exercises 
at the National and State levels, but is not 
completely satisfied with it and wants to 
develop a pace-setting curriculum of its 
own, based on its field experience. The 
work on developing primary level curricu¬ 
lum is well under way. I thought the idea 
interesting but problematic. In the first 
place, who would want to adopt a curricu¬ 
lum that is outside the mainstream? Has 
the Centre adequately thought of its dove¬ 
tailing with the current evaluation system? 
In spite of clarifications, many questions 
remained unanswered. Hopefully, the an¬ 
swers will be found as they go along. 

Another project they have taken up is to 
develop a foundation curriculum beyond 
the school stage, a kind of issue-based 
science curriculum cutting across conven¬ 
tional disciplines of physics, chemistry, 
biology, etc. Once again I found the idea 
interesting but perhaps a little fanciful and 
ambitious to implement in practice. 

The activities are a trifle too many for a 
Centre of the present size-about 25 
members in all including the supporting 
scientific staff. (This does not include a 
substantial administrative staff.) No matter 
how competent and dedicated its faculty is, 
the quality and coherence of work are 
bound to suffer in course of time unless 
the Centre reduces its range of activities or 
greatly augments its staff. I was told that 
the Centre was going to have a strong 
visitors’ programme as soon as its hostel 
comes up. This would enable teachers and 
scientists from different parts of the coun¬ 
try to work at the Centre for extended pe¬ 
riods of time. Still, worrying thoughts 
about the Centre’s ultimate impact of its 
valuable work lingered in my mind as I left 
the charming and enthusiastic group of 
people who staff this institution. 

India is a vast country with a diversity 
of languages, cultural traditions, and area- 
specific educational problems. On seeing 
what the HBCSE has been able to do, and 
is planning to do, one cannot but feel that 
if motivated scientists at other prestigious 
institutions in the country can be encour¬ 
aged to undertake similar activities in the 
field of school/college education, it could 
help change the depressing educational 
scene in the not-too-distant a future. 


S. Ramaseshan is in the Raman Research 
Institute, Bangalore 560 080, India. 
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Inevitability of nuclear energy* 


GENERAL ARTICLES 


Raja Ramanna 

The Indian Atomic Energy Programme that had been launched in the late 1940s, with the coura¬ 
geous vision ofHomi Bhabha, had made remarkable progress during the fifties, sixties and till the 
mid-seventies, leading to the establishment of a comprehensive base of nuclear science, technol¬ 
ogy and engineering, and the setting up of nuclear power stations. After the Pokharan experiment 
in 1974, the programme had to face a hostile attitude from the Western powers, with the stoppage 
of flow of technology and equipment from the West. The programme had shown the resilience to 
face the challenge, and march ahead, developing a range of indigenous capabilities both within 
the Department and in the Indian industry, though with a certain loss in the momentum. The 
successful design, construction and operation of the 100 Mw(t) research reactor Dhruva in 
Trombay, and the successful commissioning of the Fast Breeder Test Reactor in Kalpakkam, with 
a unique plutonium'-uranium carbide fuel of Indian design, are significant capability demonstra¬ 
tions in the latter phase. On the power front, the twin-unit power stations at Narora (UP) and 
Kakrapar (Gujarat) have shown excellent performance, with respect to plant availability and 
capacity factor. This article presents an assessment of the progress achieved so far, amidst the 
difficulties encountered. Factors accounting for the apparently slow pace of growth are 
discussed, and the public concerns regarding nuclear safety and safety regulations are also 
addressed. 

In a situation where acute power shortages have become a fact of life, and difficulties can be 
foreseen in the development of coal and hydel resources (which are also limited in extent), the 
importance of pursuing the nuclear energy option is re-iterated. The need for unstinted govern¬ 
ment support to the program at this crucial stage is also emphasized. 


Nuclear energy is a subject which started as a part of 
physics, chemistry, metallurgy and now I believe engi¬ 
neering plays the major role and it is the right time to 
address all the engineers about the difficulties and cer¬ 
tain other important issues faced by our atomic energy 
programme. 

I would now like to concentrate more on the philo¬ 
sophical and the problem sides of why a certain atmos¬ 
phere has grown in the country, leading to statements 
like ‘we should not go ahead too much with atomic en¬ 
ergy, what we have done is sluggish, we have got stuck, 
etc.’ Many of these are wrong statements, but we have 
to counter them by proper data, to understand why this 
sluggishness did come, as it did. There are very good 
reasons for all these and they fall well within the politi¬ 
cal plane of the whole world and our own industrial and 
financial situation. I would like to explain how this has 
unfortunately happened. 

♦Speech delivered on 20 April 1997 at the tenth anniversary of the 
Indian National Academy of Engineering held at National Institute of 
Advanced Studies, Bangalore. 

Raja Ramanna is at the National Institute of Advanced Studies, 
Indian Institute of Science Campus, Bangalore 560 012, India. 


There is a total isolation of the atomic energy devel¬ 
opment in India and the rest of the world except in as far 
as it goes on the negative side. We had an excellent start 
with Homi Bhabha, who had lot of connections in those 
days with foreign scientists of the period and, with this 
early start, he had hoped India would become totally 
self-reliant in this new field. This was to be so, even 
with the first reactor APSARA that was set up in 1955. 
Only the enriched fuel was imported and the rest of the 
reactor equipment, components - the electronics, engi¬ 
neering, etc. was all done in India. But I do recall that 
day, just a day before the reactor became critical, prac¬ 
tically every part of the building was leaking. It was July 
and the rains were so heavy that there were leaks not 
from the top but through the walls. The tank was leaking 
as it has been built in a great hurry, but the main thing 
was that we got the reactor to go critical. I also recall 
the only thing that worked very well that day, something 
which I least expected, was the telephone call to Delhi 
to tell Pandit Nehru that the reactor had gone critical. In 
1955, the nuclear domain was dominated by the physi¬ 
cists - Bhabha was a physicist. There were, however, 
many brilliant engineers and metallurgists who made 
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this approach to self-reliance possible (see Box 1). 
When the Canadians offered to build a reactor of the 
Candu type, there was some discussion in 1955 between 
Bhabha and some of us who were around him. He was 
somewhat attracted by the British system called ‘Dido’ - 
a reactor which used enriched uranium. The Canadians 
had offered the heavy water system in the hope of 
building up strong business connection on power reac¬ 
tors for the future. For a while, Bhabha was for the en¬ 
riched one, but he listened to us and accepted the heavy 
water system because we would be more self-reliant. I 
am talking about 1955 and we are now in 1997 -over 
this period of time, it seems that what we advised him 
was indeed the correct decision. As you all know, ura¬ 
nium enrichment is not a simple problem, though it is 
not a problem anymore. With the coming of the D 2 O 
reactor, like the CIRUS reactor, which uses natural ura¬ 
nium, the next question was how we could become more 
self-reliant, especially with respect to fuel fabrication 
and reprocessing. 

I recall the discussions at that time when the Canadi¬ 
ans offered the first fuel load for the CIRUS reactor. We 
told them that we would produce half of the required 
fuel elements and that they could give us the remaining 
half. At a very friendly discussion on this matter, they 
said ‘don’t try fuel fabrication - it is a very difficult 
process much beyond you.’ All this is in writing. Some¬ 
how, we were adamant and I would like to mention the 
name of Brahm Prakash, fine man that he was, who took 
up the challenge and, as it happened, produced the re¬ 
quired fuel, which was better, in the sense that it failed 
less often than their own fuel, when it was tried out in 
the Canadian reactor. All this led to tremendous self- 


Box 1. 

Important elements energy self-reliance 

♦ Infrastructure 

♦ Raw material 

♦ Technology 

♦ Trained man power 

♦ Finance 

Vital issues 

♦ Energy independence 

♦ Energy security 

If you do not take a programme with a fixed speed, the 
trained manpower becomes a lazy manpower, they lose 
heart. There must be a plan and the plan must be imple¬ 
mented especially In nuclear business, not just a five-year 
plan but a ten-year/fIfteen-year programme and finance 
must be provided or else it becomes wasteful. If you are 
going to buy equipment from somewhere and not put them 
to use, this again becomes wasteful. Self-reliance is hence 
time-based. We have all the elements mentioned above 
except adequate funding. There is no need to stress on the 
importance of energy independence and energy security. 


confidence. The Canadians were surprised and the other 
countries were worried. 

Once you start making a complicated thing like the 
fuel, then there is no end to saying ‘Why should we de¬ 
pend on others, let us make it here in India and not buy, 
but let our people make it here.’ This is where I believe 
I like to express my admiration to the metallurgists who 
had a difficult job in doing many things for the first 
time. The theorists, of course, had shown their worth 
over many years. Though we did not have big computers 
at that time, all the work was done on small hand com¬ 
puters. Yet the calculations were dependable and suffi¬ 
cient. At that time, the Americans realized that they 
could not keep all atomic secrets to themselves. Earlier 
you may recall that the Americans would not even share 
the secrets with the British with whom they had worked 
during the war and more so with the French. Then, when 
the first Russian reactor went critical as also their bomb, 
they said Russians got the secrets through spies. I men¬ 
tion this because the person who was my guide for my 
Ph D thesis was arrested and sentenced to 10 years for 
passing on small quantities of Uranium 235 to the 
Russians. He was a very strong communist and that was 
the atmosphere at that time. 

When China came along, the West began to realize 
that keeping secrets of the type did not make sense. The 
Eisenhower plan, which came into existence in the early 
fifties, was to control the use of atomic energy from be¬ 
coming a weapon factory. The plan was that the US 
would build the reactor for power production and give 
the fuel, provided the reactor came under safeguards. It 
appeared very reasonable and Bhabha was attracted by 
it, but for some reason, the people in Delhi wanted to 
know whether safeguards meant that search would be 
restricted only to the reactor or to everything else. And 
from there started the big political problems we have 
had in the development of our atomic energy pro¬ 
grammes. The suspicion of the West was based on the 
fact that we had put a small plutonium separation plant. 
At the earlier stages, the plant was not working very 
efficiently on all fronts, but we were learning an enor¬ 
mous amount because everything was being done for the 
first time. By the late fifties, pressures were being ap¬ 
plied on us to sign the NPT. The conditions spelt in the 
NPT are different for different countries. The five 
weapon states can do anything, the rest must follow 
what they are told. While all this was going on, we car¬ 
ried out the peaceful nuclear explosion in 1974 at Pok- 
haran. The fact remains that at the Geneva Conference III, 
there were big stalls both by the Russians and the Ameri¬ 
cans on the many peaceful uses of nuclear explosions, 
the oil explorations, in making large lakes and several 
other useful operations, to the extent that they invited 
some of our scientists to go and watch such explosions 
in America in a place called Rullison to show the use¬ 
fulness of the method. They said it could even be done 
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in other countries and had designed a plan to cut across 
the Kra peninsula which separates Malaysia and Thailand 
so that the ships could avoid sailing around Singapore and 
thus save time. This was all discussed at Conference in 
1975 at Vienna. After we carried out the experiment in 
1974, the whole world’s attitude toward us changed and 
even the Canadians who were building for us, RAPP-1 
and RAPP-2 reactors broke all connections with us. The 
agreement was a part of the turn-key system, but we 
were left alone to complete these projects.. 

Subsequent to our test in 1974, the nuclear embargo 
on us became very severe in that the embargo was to be 
on all machineries connected with atomic energy. This 
kind of NPT was sponsored by all the five nuclear- 
weapon states, and these very five countries had decided 
that they had their last word on the subject of atomic 
energy. They would decide on the future of atomic en¬ 
ergy in all countries. Treaties were drawn up that, if one 
signed the NPT, it meant opening the whole country for 
inspection, not only for nuclear facilities, but on all 
other facilities required for an atomic energy pro¬ 
gramme. But we could not allow five countries to decide 
our future. We had just then become independent, after 
200 years of slavery and though we were not politically 
strong to assert ourselves, the will to resist was there. 

We thus had to face all the challenges ourselves. Prior 
to all this, Bhabha died in a plane accident in January 
1966. I mention Bhabha dying at this stage because if 
one looks at those countries which have progressed 
enormously in nuclear power like France, it shows how 
the will of the Government is essential to get things go¬ 
ing. The French President, after the oil crisis, said ‘we 
must try and avoid importing oil from outside and do 
everything to make the input of nuclear energy as high 
as possible’. Today, the share of nuclear power has 
reached 75-80% of the total power produced in France. 
But unfortunately, Indian will appeared lacking. 

Once the will is gone, there will be criticisms galore, 
e.g. 

(1) ‘Look! India has only 2% of its power from nuclear 
sources, so it cannot support our power pro¬ 
grammes in a large way’; 

(2) ‘Nuclear power systems are always dangerous, they 
can become a bomb in the end like Chernobyl’; 

(3) ‘We have so many other forms of energy, solar, 
etc. why use this source which causes radio-activity 
hazards. They must be closed down’, etc. 

There were many such criticisms emanating from the 
press and many more from the so-called environmental¬ 
ists. When we built entirely by ourselves the big reactor 
DRUVA in Trombay, (a reactor which is much bigger 
than CIRUS reactor, and produces large fluxes of neu¬ 
trons and is thus used not only for production of iso¬ 
topes, but also to be in the forefront of neutron and 
nuclear physics, radio-chemistry and radio-biology) the 
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criticisms in the press were that the design was wrong 
and it would never work, etc. As it turned out, it is the 
best reactor we have made and has worked continuously 
since criticality. 

However, all these were statements, in a way, that led 
to slowing down of our operations. Criticism of this type 
depends on who is in power and their understanding of 
the situation. Panditji was all for science, Mrs Gandhi 
was to a certain extent so. She had certain faith in the 
self-reliant development of science, but I am not sure 
that after her this was the case. While nuclear power 
began to be discredited, it was realized that, in addition 
to generating power, there were many applications ol 
great human value in medicine, in agriculture, in indus¬ 
tries, in food preservation, etc. There were a lot of peo¬ 
ple quietly beginning to understand that these several 
uses were vital for modern society, but when it came to 
power there seems to have been a mental block. May be 
this was due to accidents of a special type abroad, but I 
think it was mainly due to the fact that a power reactor 
could be a source for weapon making. 

Though we were completely isolated and had to oper¬ 
ate under an embargo regime, it was only because of our 
early work, leading to self-reliance, we could go on. It 
was during these difficult days, our programmes began 
to be ‘sluggish.’ We had, however, been trained on self- 
reliance, so we started asking our industries for help. 

I am happy to say they rose to the occasion. BHEL pro¬ 
duced the turbines. It was not without its troubles, for 
the blades used to crack and they had to learn much 
about servicing them. L&T and Cooper engineering did 
some good engineering jobs, but the fabrication of all 
the fuel elements and all the intricate parts were done in 
Trombay itself. Without the active participation of pri¬ 
vate industries, we would have been nowhere. It was 
very difficult for them to take on these jobs, as they had 
never done it before. They also knew it would cost them 
a lot of money, and may not give them profits. But for 
the challenging attitude taken by some of these indus¬ 
trialists, our entire atomic energy programme would 
have collapsed. Nowadays, if we go to an industrialist 
and ask him for various things, he will say, ‘where 
are my profits, I will not take up anything which is not 
in the production line, I would not like to venture 
into new things, etc.’ During this period, new technolo¬ 
gies were developed at the Bhabha Atomic Research 
Centre (BARC) and the Nuclear Fuel Complex (NFC), 
Uranium metal and its alloys, the zircaloy and beryllium 
and an endless number of alloys of high quality became 
available (see Box 2 for an idea about uranium effi¬ 
ciency). 

It was under these circumstances that the Tarapur re¬ 
actors were operated and maintained. Their fueling has 
become a long story involving many countries and I will 
not dwell on it. The RAPP-1 & 2 reactors were also 
completed. After this, NAPP and KAPP reactors were 
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Box 2. Efficiency 

of uranium and how much energy is 

contained in it. 


To generate 12,000 (units) kWh, we consume approxi- 

mately : 


Oii 

1 ton 

Coal 

1.5 tons 

Natural gas 

1.11 X 10=’ CuM 

Uranium 

0.06 kg 

(Source: British Petroleum) 


Tabic 1. Operating performance (1996-97) 

Generation (MUs) Availability Capacity 
Unit Target Actual factor % factor % 

TAPS-1 665 424* 38 30 

TAPS-2 975 648** 59 46 

MAPS-1 500 752*** 53 51 

MAPS-2 810 1233 84 83 

NAPS-1 1209 1377 75 71 

NAPS-2 1218 1449 78 75 

KAPS-1 1201 1593 90 83 

KAPS-2 992 1593 90 83 

Total 7570 9069 

*TAPS-1 was under annual shutdown from July 1996 up to mid- 
January 1997, for refuelling, carrying out mandatory regulatory in¬ 
spection of core shroud and other systems. 

**TAPS-2 started generation from June 1996 after annual shutdown 
from September 1995 to May 1996, for refuelling, carrying out man¬ 
datory regulatory inspection of core shroud and other systems. 
***MAPS-1 started generation from September 1996, after annual 
shutdown from April to August 1996, for mandatory regulatory in¬ 
spection of coolant channels. 


Table 2, Operating performance (1995-96) 


Generation (MUs) Availability Capacity 


Unit 

Target 

Actual 

factor % 

factor % 

TAPS-i 

960 

1108 

90.14 

78.87 

TAPS-2 

680 

445** 

35,60 

31.65 

MAPS-1 

905 

1136 

79.59 

76.07 

MAPS-2 

995 

274** 

18.79 

18.38 

NAPS-1 

1222 

1295 

75.31 

66.99 

NAPS-2 

1226 

1457 

81.07 

75.40 

KAPS-1 

1225 

1115 

73.47 

57.07 

KAPS-2 

737 

1152* 

84.70 

70.07 

Total 

7950 

7982 




*KAPS-2 commenced commercial operation from 1 September 1995, 
includes 365 MUs during infirm power period. 

**They were under shutdown for mandatory regulatory inspection. 


built entirely by us and are now working at high capac¬ 
ity factors. 

It was at this stage that we had to think of a more 
sophisticated system like the breeder reactor. Another 


question which I am always asked was about the cost of 
nuclear power. 

From the Tables 1 and 2 it can be seen that all the re¬ 
actors, except RAPS-2 which is undergoing coolant 
channel replacement, are functioning with availability 
factors of 80 to 90% and capacity factors of something 
little less than that. During the last few months, RAPS-1, 
MAPS-1, MAPS-2, NAPS-1, NAPS-2, KAPS-1 and 
KAPS-2 are working at high capacity factors. A few 
days ago, I had been to Kakrapar as I had never been 
there. The reactor and the site is a sight to see. An im¬ 
portant aspect of atomic power is the disposal of the 
waste and this is where the regulatory board plays an 
important role in all countries. About this time, the rise 
of anti-nuclear lobby had become significant. Some of 
its concerns were based on ignorance but it is, perhaps, 
not without some influence of foreign elements. 

These excellent operating figures are making people 
ask newer types of questions. Now people ask where is 
the hold-up? Why is our contribution only 2%? It is said 
that NPC has earned a profit of about 300 crores this 
year. What happened to the money? Is it fed back to 
build 500 MW stations or is it set against payment of 
interest towards public borrowing? Why do we have to 
import Russian reactors at this stage? It is true that 
Rajiv Gandhi and I disagreed completely on the import 
of Russian reactors, but now, I feel, I was wrong and we 
should have imported these reactors for a very strange 
reason. It Just happens that the government is quite 
willing to get reactors on delayed payment from for¬ 
eigners but is unable to give money for building our own 
500 MW reactors. And a stranger thing that happened 
was that, in earlier planning meetings all that the finance 
and the planning commission would say to our request 
was ‘buy some components of long manufacturing cycle 
time and keep them ready till we can finance the whole 
project.’ So far, several crores of rupees worth of com¬ 
ponents have been bought and kept ready but the last 
operation to build the actual reactor was always met 
with the reply ‘No money’ and the matter oscillates be¬ 
tween Finance and the Planning Commission. I believe 
this is done as a part of the governance that you have 
two bodies always at variance, to postpone the issue 
when the government is unable to take a decision. This 
is what puts atomic energy into such a difficult position 
to take the appropriate step into the next century. For 
those who believe that there are other methods of pro¬ 
viding bulk power at a reasonable cost, Box 3 w'ill show 
the situation. 

The new argument advanced by the government is ‘we 
do not have money to give you, but then go to the 
public, they will provide you with the money. And when 
a little later you make money because the reactors are 
working well, you can return their borrowings’. You will 
all appreciate that, with a small installed capacity base, 
it is almost impossible to fund further expansion, leave. 
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Box 3. Renewable 

energy development. 

Wind farms 


Capital cost : 

Generation : 

Rs 30.000/kW 

Rs 3.15/kWh 

Solar photo-voltaic 


Capital cost : 

Generation : 

Rs 1,10,000/kW 

Rs 11.7/ kWh 

Solar thermal 


Capital cost : 

Generation : 

Rs 90,000/kW 

Rs 7.9/ kWh 

Blo-mass gasifier 


Capital cost : 

Generation : 

Rs 7,500/kW 

Rs 1.49/ kWh 


alone meeting the interest burden of public borrowings. 
This is how we all get into a debt trap. An important 
buyer of electricity is the farmer. You know farmers 
have high priority. Somehow, we are told to give elec¬ 
tricity but not collect the tariff from them. So give free 
electricity. Well, if you don’t collect money, what do 
they do when you give them something free? They will 
use it carelessly and inefficiently. Their pumps will be 
working at 10% efficiency, because the farmer buys the 
cheapest pumps available. In other countries, pumps 
work at 85% efficiency. Thus, in our country, all this 
electricity which we produce with great difficulty is 
converted into low grade heat and wasted in inefficient 
systems. 

I mention all these things because I think really the 
engineers are those who should look into this aspect of 
political interference in what should be a strictly eco¬ 
nomic matter. I do not know if when a government says, 
give priority to agriculture, it would mean providing 
free electricity. 

I have no direct connections with atomic energy 
for many years, but I certainly know, from living in 
Bangalore, how much the power situation can deterio¬ 
rate. 

Suppose you suddenly decide and the government has 
the will to go into nuclear power in a big way in the next 
century, i.e. 20% of all power by the year 2015 or 2020, 
what are the preparations necessary? These are two-fold. 
One is to work towards a totally fail-safe system and the 
other is that the safety is supervised by the Atomic 
Energy Regulatory Board (AERB) whose main business 
is supervision and not design and maintenance. The lat¬ 
ter is the business of the operation group. 

The government is considering a new structure in 
which the AERB, with an independence of its own, will 
work with the Nuclear Power Corporation (NPC). But it 
has to be essentially positive in its approach. It should 
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The Severity Scale 

[International Nuclear Event Scale (INES)] 



Figure 1. Indication of the internationally accepted scale for grad¬ 
ing various types of accidents that occur in nuclear plants. Chernobyl 
is graded as 7, Narora fire graded as 3 though the fire occurred in the 
conventional portion of the nuclear plant and had no inaplication on 
the safety of the nuclear portion. 


also be not forced by anyone to say ‘yes’ or ‘no’. It re¬ 
quires this structure and tradition. And that is what the 
Deve Gowda’s government was planning to do and I am 
sure the new Prime Minister will follow the same phi¬ 
losophy and the AERB will remain as a very independ¬ 
ent body to check on all possible types of accidents, but 
with the spirit that they are essential there to help in the 
generation of safe power. One can always create a 
structure and say ‘No’ to everything, then nothing will 
happen and no development takes place. 

As we know, atomic energy accidents are of various 
types (Figure 1). Principally, one is the conventional 
side where the turbine generators may go bad and give 
rise to a fire as it happened at Narora, or the heat 
changers and valves in the nuclear side, which could 
develop some leaks. When it comes to civil engineering 
buildings, I am sure you engineers, have your own set 
up for saying whether a building is safe or not. But the 
one that happened in Kaiga is the most unfortunate, be¬ 
cause it has held up the momentum of our activity. The 
roof came down and this has nothing to do with the nuclear 
matter and that it should have fallen down, despite the 
fact that we are a civil engineering country, is somewhat 
strange. Unfortunately, we had a system by which we 
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Table 3. World hydro electric potential (average flow conditions) 


Country 

Theoretical capacity 
(usable MW) 

Percentage 
of the total 

China 

330,000 

14.60 

USSR 

269,000 

11.91 

USA 

186,700 

8.26 

India 

70,000 

3.09 

Japan 

49,600 

2.19 

Pakistan 

20,000 

0.85 

All other countries 

1,335,800 

59.10 

World total 

2,261,100 

100.00 


Source: World Energy Conference (SER) 1974. 


Table 4. World coal resources and reserves at the end of 1987 
(billion tonnes) (Source: World Energy Conference 1989.) 



Table 5. Proved oil reserves at the end of 1990 (billion tonnes) 


Country 

Quantity 
(billion tonnes) 

% Share 
of total 


USA 

4.3 

3.4 


Mexico 

7.3 

5.2 1 

Latin 

Venezuela 

8.5 

5.8 1 

America 

Abu Dhabi 

12.1 

9.1^ 


Tran 

12.7 

9.2^ 


Iraq 

13.4 

9.9 1 

Middle 

Kuwait 

13 

9.4 f 

East 

Saudi Arabia 

35 

25.5 J 


USSR 

7.8 

5.6 


China 

3.2 

2,4 

Asia 

India 

1.1 

0.8 


Total 

118.4 




Table 6, Proved natural gas reserves at the end of 1990 


Country 

Quantity 
(trillion CuM) 

% Share 
of total 

USA 

4.7 

4 

Abu Dhabi 

5.2 

4.3 

Iran 

17 

14.3 

Saudi Arabia 

5.1 

4.3 

USSR 

45.3 

38 

China 

1 

0.8 

India 

0.7 

0.6 

Total world 

119.4 


Billion ton 

107.5 


Source: BP statistical review of World Energy, 1991. 

Proved reserves: More than trebled over the past two decades. 


Table 7. World uranium reserves at the end 

tons) 

of 1987 (thousand 

Recoverable reserves 

Country up to $80 per kg 

Percentage of 
the total 

Australia 

470 

28.00 

South Africa 

324 

19.33 

Niger 

171 

10.20 

Brazil 

163 

10.20 

Canada 

148 

9.70 

USA 

117 

6.98 

Namibia 

94 

5.60 

France 

50 

2.98 

India 

35 

2.09 

Others 

104 

6.20 

Total 

1,676 


China 2000*; USSR 5000*. 

*, Speculative. 

Source: World Energy Conference 1989 (SER). 


Table 8. World 

thorium reserves at the end of 
tons) 

1986 (thousand 

Country 

Recoverable reserves 
up to $80 per kg 

Percentage 
of the total 

Brazil 

551.01 

18.46 

Canada 

440.00 

14.75 

India 

400.00 

13.41 

Turkey 

400.00 

13.41 

USA 

400.00 

13,41 

Venezuela 

300,00 

10.06 

Others 

492.00 

16.50 

Total 

2983.01 

100.00 


Source: OECD 1986. 


could appoint any number of committees to examine 
why it fell down and if each one takes several months to 
give a report, there is something wrong with our regula¬ 
tory system. Indeed, the best way to stop activity is to 


have two committees to give opposite views. Between 
them, the game can go on for a long time, There is an¬ 
other procedure that they have in government, and that 
is to use a ‘space’ expression, to send it into ‘orbit’, 
which means you send the file from one ministry to the 
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1. Germany - Domestic coal. 

2. Germany • Imported coal. 

Figure 2 . Ratio of tariff of coal to nuclear power for different countries. 


Table 9. Reserves - Energy sources (India) 



Recoverable 

% share in 


quantity 

world total 

Coal 

107.82 billion tons 

6.96 

Oil 

1.10 billion tons 

0,80 

Natural gas 

0.7 trillion CuM 

0.60 

Uranium 

35 '000 tons 

2.09 

Thorium 

400 '000 tons 

13.41 

Hydro 

70,000 usable MW 

3.09 

Source: World Energy Conference. 



Table 10. Tariff P/kWh 



Nuclear Comparable thermal 


TAPS 

63 P/kWh 

Nasik 

90 P/kWh 

MAPP 

82 P/kWh 

Ramagundam 

90 P/kWh 



Neyveli 

104 P/kWh 

NAPP 

152 P/kWh 

Dadri thermal 

185 P/kWh 

KAPP 

215 P/kWh 

Kawas gas 

195 P/kWh 


Other, for their comments and it may or may not even 
come back. 

I would like to end by saying that I have given you a 
fairly open account of everything. 1 have hidden noth¬ 
ing, but being out of the organization, I may have left 
something out, but not out of any secrecy. There is no 
other energy source which will give you large amounts 


of power using a small amount of fuel and space. If you 
want to be an industrial country and speak about being 
an equal to China and Japan, you cannot do this without 
a surplus of power and only nuclear can give you this in 
large quantities. If we assume imaginary difficulties and 
see red herrings, like, for example, earthquakes, we have 
the case of Japan, a country of many big earthquakes 
who design their buildings against such catastrophes 
from the start. It is only necessary that there has to be 
somebody to check that this has been provided for. This 
is where a regulatory authority becomes essential. I am 
sure one would like to have suggestions on safety of the 
construction of buildings, safety of electrical systems 
and finally nuclear safety by a special body knowledge¬ 
able about nuclear matters generally. One also requires 
safety against delay in decision making. Delay is the 
biggest enemy of progress. While we have computers 
which work faster and faster, the reports take longer and 
longer to prepare. Unless there is a reason why you want 
to delay things, it can be very dangerous to the nation. 
Sometimes, the delays may be purposefully planned by 
those who do not wish to see us progress. I will not go 
further into it and make comments which I cannot sup¬ 
port. But we would like to warn people like us to be 
aware of these unnecessary committees and discussions. 
I have said to the media that danger and progress are 
interconnected. Sometimes, poets or novelists, based on 
misleading information, tend to romanticize the danger 
aspect. To minimize the former and accelerate the latter 
is the business of the engineers. 
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Tables 3-9 give data on various energy resources like 
hydro, coal, gas, uranium and thorium. Our oil extrac¬ 
tion process is rather low, about 20% vis-d-vis about 
80% elsewhere. Improvement in extraction efficiency 
would bring in significant energy savings. With respect 
to uranium and thorium, we have limited uranium re¬ 
sources but abundant thorium. Those who have lot of 
uranium have no interest in the use of thorium. Those 
who have less of uranium and lot of thorium like India, 
should work towards the fast breeder. The recoverable 
uranium reserves (35,000 tonnes) will support 
10,000 MW-PHWR while the recoverable thorium re¬ 
serves (400,000 tonnes) equivalent to 600 bn tonnes of 
coal will support 350,000 MW-FBR. 


Table 10 and Figure 2 give data on costs. The unit 
energy cost from recent plants is higher due to higher 
input cost and incorporation of several safety features. 
The OECD data shows that the nuclear cost is cheaper in 
comparison to coal. We should specially take note of the 
situation in France. 

Finally, I make a few suggestions about planning for 
power reactors for the next century following Sarabhai^s 
earlier proposal. I think we must create industrial com¬ 
plexes around power stations and use up all the power 
there to avoid long-distance transmission where losses 
go up to even 30% (mostly by theft). The maintenance 
of the lines is also a specialized science. Domestic 
supply must be treated as a separate demand. 


Research as a career - A study of factors 
influencing choice 


N. R. Rajagopaly G. Kartikeyan and Riichira Tewari 

For a dynamic R&D organization the values and attitudes of its researchers are crucial Do our 
young researchers exhibit a keen desire to take up research as a career? The following sample 
study probes this important aspect of R&D through the responses of our young researchers. 


Research as a career has been the topic of discussion 
elsewhere in the world. Generally it is perceived that a 
scientist opts for this profession consciously in prefer¬ 
ence to others. The spirit of inquiry, the thrill of un¬ 
ravelling the mysteries of Nature and, now, finding out 
new things that may bring economic/social betterment to 
fellow beings and himself/herself seem to constitute the 
motivation to undertake Research & Development 
(R&D). Do our young researchers make a determined 
bid to enter the portals of R&D institutions with re¬ 
search as a career in their minds or do they gravitate 
there buffeted by circumstances beyond their control? 
Why is the number of personnel actually engaged in 
R&D so small? The declining trend of expenditure on 
R&D as a percentage of GNP (ref. 1) with the resultant 
decline in the attractiveness of science as a career is of 
serious concern especially when we claim to have a 


N. R, Rajagopal and Ruchira Tewari are in the Human Resources 
Development Group, Council of Scientific and Industrial Research, 
New Delhi 110 012, India. 

G. Kartikeyan is at the National Centre for Medium Range Weather 
Forecasting, New Delhi 110 003, India. 


large reservoir of S&T personnel. Opinions^’^ on the 
university research scenario have been expressed by 
academicians. Yet no answers to the above and related 
questions have been obtained based on analysis of 
authentic data from research workers. A study of the 
attitudes of young scientists at the research fellow (RF) 
level was therefore deemed necessary. These RFs are 
selected and placed by the Human Resource Develop¬ 
ment Group (HRDG) of CSIR in universities and higher 
technological institutions of their choice to pursue re¬ 
search. In terms of the number of fellowships and range 
of disciplines covered, HRDG accounts for the largest 
collection of young scientists undertaking R&D. Being 
one of the largest, it is imperative for CSIR and other 
funding agencies to know whether these fellows and 
associates really aspire for scientific research, choose 
research as a career and whether they find themselves 
motivated to continue. 

The data was acquired from a sample of RFs on an 
individual basis through a questionnaire, inquiring about 
their decision to pursue research, their views regarding 
the prospects of scientific research as well as theoretical 
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Table 1. Male and female responses to questionnaire 



Male 

Female 

Total sent (766) 

461 

305 

Total respondents (315) 

194 (42%) 

121 (40%) 


scientific research in India, laboratory environment, ex¬ 
tent of supervisor’s involvement, etc. 

It was observed that 315 of 766 mailed questionnaires 
were completed and returned, yielding a final response 
rate of 40% (Table 1). 

Of the 315 respondents engaged in research, 253 
(80%) are in science laboratories, and 22 (7%) in engi¬ 
neering-oriented laboratories. The responses came from 
75 (24%) JRFs, 153 (49%) SRFs and 87 (27%) RAs. 
The average age of JRF, SRF and RA was noted to be 
24.5, 27 and 30.5 years respectively. 

Researcher by choice 

This section reveals that apparently a large section 
(119/315) of respondents are interested in pursuing re¬ 
search as a career. The respondents were shortlisted by 
repeatedly asking the question regarding their choice 
among several career options. 

Most of the respondents (305, i.e. 97%) desired to 
take up research as a career for different reasons. Fifty- 
eight per cent of them opted for it to bring out some¬ 
thing good so as to serve the country as well as the so¬ 
ciety; 16% were interested in getting PhD degrees; 11% 
thought they were in for good job opportunities; 8% had 
other reasons to pursue research whereas 6% did not 
answer. It shows that a large portion of aspiring re¬ 
searchers wished to take up research as a career primar¬ 
ily for the sake of the humankind. 

In two different sets of questions about their choice of 
a career, it was seen that about 61% and 68% reportedly 
were interested in pursuing research activities. In the 
first set they were asked what they desired to become. A 
good number of the respondents (135-over 42%) 
showed their willingness to work in R&D labs like CSIR 
laboratories or as lecturers (67/315 -20%) or go 
abroad for post-doctoral fellowships (58/315 - 18%). 
A few wanted to join the industrial sector (17/315- 
5.4%). Ten per cent (32/315) were not ready for it, 
whereas a small number of scholars (6/315) did not re¬ 
spond. 

Eighty per cent (i.e. 119/135) of respondents of the 
first set reaffirmed in the second set their decision to 
pursue research activities. Further analysis showed that 
about 70% (83/119) of these strongly motivated respon¬ 
dents were pursuing research as a career to bring out 
something good so as to serve mankind. The rest of 


the respondents in this group seem to be attracted to 
careers in multinational companies and other careers 
(16/135). 

Of those who wished to proceed for the post-doctoral 
fellowship abroad (58/315), 43 opted for research as a 
career, 6 wanted lectureship and 5 hoped to have a ca¬ 
reer in multi-national companies; the rest did not show 
any preference. 

A majority (more than 50%) of the respondents who 
hoped to become lecturers reaffirmed their decision 
(35/67). Twenty six out of these 67 respondents (nearly 
40%) were inclined to a research-related career at the 
second instance. 

A small number of respondents were interested in 
joining the industrial sector (17/315); out of them seven 
showed interest in R&D and eight wanted to join multi¬ 
national companies. 

Ten per cent of the total respondents were not deci¬ 
sive when asked for their preference in choosing a ca¬ 
reer. The same group responded positively for opting 
research as a career (17/32) in a separate question. 
Seven out of 32 confirmed their indecision whereas 4 
showed interest in career in multinational companies and 
three opted for lectureship. 

Researcher’s motivation 

How many scholars are working under one supervisor? 
How much time does a supervisor spend with the schol¬ 
ars? How do the respondents rate their progress? Are 
they satisfied with the research laboratory environment? 
How do they leel about the present state of scientific 
research? An attempt has been made to analyse the re¬ 
sponses to the above questions, since the responses 
contribute to the bulk of motivation of a researcher. 

The supervisor’s involvement with the scholars plays 
a dominant role in motivating the young researchers. 
Table 2 represents the distribution of respondents regis¬ 
tered with supervisors having 1 to 5 or more scholars 
and in Table 3 the average time spent by the supervisor 
in solving research problems (in a week) is presented. 
The analysis confirms the view that where the number of 
scholars registered under the supervisor is less the su¬ 
pervisor spends more time with them contributing to 
good relationship between the teacher and the taught 
(181 students - more than 50%, were being guided by 
supervisors, each of them having three or less scholars 
to supervise). Moreover 269 scholars - more than 85% - 
had the benefit of attention of a minimum of one hour 
per week. The number which had the benefit of a mini¬ 
mum of eight hours per week was 133, i.e. 42% of the 
total considered here. 

The scholars were asked to rate their progress them¬ 
selves towards attaining their research goals, their labo- 
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Table 2. Distribution of respondents registered with supervisors, each having one to five or more scholars 


Discipline 

One 

Two 

Three 

Four 

Five or 

more 

No 

respondents 

Total 

Mean no. 
of scholars 

Ma 

10 

9 

5 

2 

1 


27 

2.07 

P 

8 

15 

15 

13 

10 


61 

3.03 

B 

22 

14 

21 

22 

34 

1 

114 

3.25 

C 

11 

8 

13 

13 

23 


68 

3.43 

E 

1 

3 

5 

1 

4 


14 

3.29 

En 

6 

5 

2 

4 

3 


20 

2.65 

Me 

4 

2 

2 

1 

1 

1 

11 

2.09 

Total 

62 

56 

63 

56 

76 

2 

315 

3.07 

Ma, Mathematical Science; 

P, Physical Science; B, Biological Science; C,' 

Chemical Science; E, Earth Science; En, Engi- 

neering Science; Me, Medical Science. 








Table 3. Discipline-wise break-up of time devoted by the supervisor with the scholar per week 









Average hours 









per week 


More than 


Less than 


No 


devoted by the 

Discipline 

14 h 

8-14 h 

1-7 h 

1 h 

Nil 

respondents 

Total 

supervisor 

Ma 

3 

10 

11 

3 

0 

0 

27 

7.37 

P 

12 

14 

27 

5 

1 

2 

61 

7.50 

B 

21 

22 

52 

15 

4 

0 

114 

6.90 

C 

20 

12 

28 

8 

0 

0 

68 

7.82 

E 

2 

3 

4 

4 

1 

0 

14 

6.23 

En 

4 

4 

11 

1 

0 

0 

20 

7.25 

Me 

4 

2 

3 

2 

0 

0 

11 

8.36 

Total 

66 

67 

136 

38 

6 

2 

315 

7.31 

Ma, Mathematical Science; 

P, Physical Science; B, Biological Science; C, 

Chemical Science; E, 

Earth Science; En, Engi- 

neering Science; Me, Medical Science. 









Table 4. Average responses in five-point scale 



Discipline 



Ma P 

B 

C 

E En 

Me 

Total 

Respondents’ own progress 








towards attaining the research goal 

3.81 3.78 

3.59 

3.74 

3.79 4 

4.18 

3.73 

About respondents’ work place 







environment 



3.88 3.61 

3.56 

3.43 

2.93 3.45 

3.73 

3.54 

The prospects of scientific research 







as a whole in India 


3.33 2.73 

3.09 

3.1 

2.79 2.89 

3.39 

3.03 

The prospects of theoretical 








scientific research in India 


3.5 3.08 

3.3 

2.98 

2.79 2.9 

3.6 

3,17 


ratory environment and how they felt about the pros¬ 
pects of scientific research in India (Table 4). 

The perceptions of the respondents were quantified in 
five grades, ranging from 5 (very good) to 1 (very bad), 
to calculate the average response. The average re¬ 
sponses varied between fair and good in all the above 
mentioned cases. The majority believed the climate to 
be conducive (fair to good) to do research. 

Discussion 

Research activities cannot thrive without enthusiastic 
researchers and a proper climate for them to work in. 


The distinctive features of highly sophisticated research 
organizations include a high degree of innovation-prone 
environment with plenty of creative opportunities'*. 
According to Baillie‘\ there would be a certain amount 
of ‘sheer faith’ in ideas and initiative of scientists re¬ 
quiring tolerance of creative individualism. 

Analysis of data herein reveals most of the respon¬ 
dents chose research as a career and were interested in 
continuing. They had a healthy attitude to their profes¬ 
sion as brought out by the fact many of them had good 
relationship with supervisors and believed the climate of 
research to be good. In other words here is available a 
motivated cadre of scientific workers brimming with the 
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possibility of finding out something new ~ may be re¬ 
sulting in a breakthrough. Recently it has been reported^ 
that the Indian share in world scientific output in terms 
of publications has declined by 32%. It is open to ques¬ 
tion why this should happen when we have motivated 
young researchers. Richard Jolly, author of the 1996 
Human Development Report published by the UN De¬ 
velopment Programme, notes that a large research and 
development workforce does not guarantee economic 
success^. Moreover the value system of an individual 
would be, among other things, a factor of cultural heri¬ 
tage variables, demographic characteristics and the 
larger social values from which the individual has 
emerged^ The value system of scientists and its rela¬ 
tionship with work climate may provide useful guide¬ 
lines for design of work in such organizations'^. 

Limitations 

The number of respondents considered in this sample is 
small as compared to the total funded. Constraints of 
time and accessibility stood in the way of addressing all 
the fellows. Yet attempts were made to draw as repre¬ 
sentative a sample as possible from the point of view of 
regions, disciplines, gender, etc. Only the answers rele¬ 
vant to the two important questions (choice and motiva¬ 
tion) were considered. 

Payment of stipend, perhaps a contributory factor to 
motivation, did not appear to be a problem since the 


majority of respondents (60%) stated they were satisfied 
with the current CSIR procedure. 

Conclusions 

From a sociological point of view, can a definite con¬ 
clusion be drawn at this stage? Yes, the numbers here 
lead one to believe that our young researchers are fired 
with enthusiasm to work for the betterment of mankind 
and/or bring out something fruitful through their re¬ 
search efforts. They find R&D environment congenial. It 
is interesting to note a good number aspire to join CSIR 
laboratories! This study has emphasized the need to deal 
with larger sections of the R(&D population with a view 
to making an in-depth analysis of the value of their out¬ 
put (to knowledge, industry, economy) and then neces¬ 
sarily locating the missing links that influence the 
mismatch between motivation and performance. 

1. Jayaraman, K. S., Nature, 1994, 370, 496. 

2. Sitaraman, V., Cim\ Sci., 1995, 68, 779-783. 

3. John, S., Curr. Sci., 1995, 69, 633-634, 

4. Dhawan, S. K., R&D Management, 1991,21, 153-160. 

5. Bailiie, A. A., Research Management, 1980, 23. 

6. Raghuram, N. and Madhavi, Y., Nature, 1996, 383, 572. 

7. Pearce, F., New Sci., 1996, 151, 12. 

8. Gautam, V., Indian J. Training Dev., 1985, 14, 

ACKNOWLEDGEMENT. G.K. and R.T. thank CSIR, New Delhi, 
for fellowships provided. 


CURRENT SCIENCE, VOL. 73, NO. 4, 25 AUGUST 1997 


329 











REVIEW ARTICLE 


Geomorphology and surficial geology of the 
western continental shelf and slope of India: 
A review 


V. Purnachandra Rao and B. G. Wagle 

National Institute of Oceanography, Dona Paula, Goa 403 004, India 


The geomorphology and geology of the western con¬ 
tinental margin of India have become better known 
only after the International Indian Ocean Expedition 
(1962-1965). The continental shelf of western India 
is wide off the river mouths, becoming narrower 
south-eastwards and narrowest on the SW margin. 
Shelf break occurs at depths between 60 and 150 m. 
The Fifty Fathom Flat is a prominent feature on the 
outer shelf. Submarine terraces at depths between 35 
and 170 m and shelf edge reefs are also present along 
the margin. 

Coastal geology and geomorphology of the area 
and nearshore currents played a significant role in 
the distribution of placer minerals off Kerala and 
Maharashtra. Transport and sedimentation of fine¬ 
grained materials at places on the shelf are influ¬ 
enced by high-energy conditions. Clay minerals de¬ 
rived from the Indus, Deccan Trap basalt and 
Gneissic provinces are distinct along the inner shelf, 
but bypassed the outer shelf and got deposited on the 
continental slope. Relict biogenic carbonates com¬ 
prising Halimeda litho-facies, rhodalgal-coral facies 
and molechfer facies, occur in the northern, central 
and southwestern shelf, respectively. Terrestrial 
limestones described as palaeo-shoreline indicators 
occur at mid-shelf. Several evidences exist in favour of 
Late Quaternary neotectonic activity and subsidence. 
Phosphorites and phosphatized limestones occur on 
the shelf and slope and phosphatization seems to be a 
short event in the Early Holocene. Verdine and Glau- 
cony facies occur on the shelf and slope of the central 
and southwestern margin of India. 

Systematic sampling/radiocarbon dating is lacking 
on many geomorphic features. Some coastal bays in 
Maharashtra are least explored for heavy minerals. 
Phosphorites at places could prove economic, if de¬ 
tailed exploration is done. Several gaps exist in the 
data on sea level changes during the Late Quater¬ 
nary. Shelf edge exchange processes are to be studied 
in understanding the organic carbon distribution. 
Attention should be directed in solving the problems 
highlighted. 


The western continental margin of India shows a num¬ 
ber of characteristic physiographic features and can be 


classified as stable Atlantic-type margin. There are sev¬ 
eral sedimentary basins on this margin (Figure 1) accu¬ 
mulating sediments since Eocene. The International 
Indian Ocean Expedition (IIOE - 1962-65) is an impor¬ 
tant landmark in the history of development of continen¬ 
tal margin geology. During the IIOE, several ships 
participated and among them are INS Krishna, Meteor, 
Vytiaz, Oceanographer and Requisite which collected 
data on the continental margin along a few traverses . 
Subsequently, INS Darshak (1973-74), RV Gaveshani 
(1976-1989), ORV Sugar Kanya (since 1983), RV 
Samudra Manthan and RV Samudra Shaudhikama col¬ 
lected geological and geophysical data at close intervals 
on the entire continental shelf and upper slope. Numer¬ 
ous research articles were published in various journals 
during the last 30 years. Siddiquie^ reviewed the status 
of marine geology in India in the year 1975. However, 
extensive research work was published only after 1975. 
In this article, we review the studies on geomorphology 
and surficial geology of the western continental shelf 
and upper slope of India with a view to understanding 
the processes operating on sediments and suggest Ibture 
scientific problems to be dealt with. 

Geomorphology 

Heezen and Tharp^ were the first to prepare the physiog¬ 
raphic diagram of the Indian Ocean. The first bathymet¬ 
ric investigations^"^ and broad review by Sahni^ 
provided some idea on regional structures and sedimen¬ 
tary basins of the western margin of India. The shelf 
width and the depth at which shelf break occurs arc 
variable along the western margin of India (Figure 2, 
Table 1). The shelf break is almost parallel to the 100— 
200 m depth contour and is away from the coast in the 
northern part (except near Saurashtra) and close to the 
coast in the south-western part of India. The relatively 
straight western coast was considered to be the result of 
an offshore fault believed to extend from Kanya Kumari 
to Karachi^^. Some workers*however, considered 
rifting to be the mechanism in the evolution of the west¬ 
ern margin of India. The Gulf of Khambat (Cambay) is a 
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Figure 1. Major sedimentary basins and ridges along the western 
continental margin of India (after Ramaswamy and Rao*^). Thick¬ 
ened portions of the lines denote the areas where gas-charged sedi¬ 
ments are seen in seismic profiles (after Karisiddaiah et al.^) . 
Location of shelf edge reefs along the western margin of India, (after 
Vora et 

graben filled with Tertiary sediments. Faulting is the 
main cause for the narrow shelf and steep slope at places 
off Kathiawar'^ and Alibag''*. The most prominent fea¬ 
ture adjacent to the western Indian margin is the Indus 
cone, one of the largest deep sea fans in the world. 

The shelf, having an area'^ of about 310,000 km^ is 
divided into two units: inner and outer shelf’^’'^"'^. The 
inner shelf is smooth or even with gently sloping topog¬ 
raphy (gradient 1:800). This even topography occurs 
down to 55-60 m depth in the north and narrows down 
to 25 m depth off Cochin. The sediments are acousti¬ 
cally transparent silty clays. A prominent subsurface 
reflection occurs at about 35 m below the sea bed off 
Narmada and Tapti; this becomes shallow towards south 


NORTH OF GULF OF KACHCHH PORGANDER (Saura»htra) 



SOUTH 

CAPE COMORIN OF COCHIN 




Figure 2. Topographic profiles across the shelf and slope of western 
India; Horizontal scale is same for all profiles. 


Table 1. Approximate shelf width and shelf break at different loca¬ 
tions on the western margin of India 


Location 

Width of 
the shelf (km) 

Water depth at 
shelf break (m) 

Reference 

Pakistan 

100-150 

100 

Milliman et 

Saurashtra 

70-110 

80-140 

122-150 

Veerayya. personal 
communication 

Chauhan et al. 

TarapuT 

345 

90 

Veerayya, personal 
communication 

Bombay 

_ 

130-140 

Siddiquie and 
Rajamanickam'^; 


260 

90 

Gloss et al?\ 


300 

95 

Nair^^ 

Ratnagiri 

100-128 

110-130 

Nair^"^; Veerayya, 
personal communication 

Goa 

60-185 

130-140 

Nair^'^. 

Bhatkal 

110 

120 

Veerayya, personal 
communication 

Cochin 

60 

60 

Nainil 
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and off Cochin it occurs at about 15m below the sea 
bed. The age of the sediments above this reflector is 
considered Holocene^'"’. Buried features^^”^^ such as 
paleo-channels and wave-cut terraces have been re¬ 
ported between Daman and Goa. They are buried under 
10-15 m thick (Holocene) sediments and presumably 
represent relict extensions of rivers that crossed the 
shelf or paleo-sea-level positions during the Late Pleis¬ 
tocene. Anomalous acoustic reflections related to gas- 
charged sediments (discussed separately) are also pres¬ 
ent. The inner continental shelf off the Gulf of Cambay 
consists of 6 to 13 m high sand banks (at 8 to 30 m 
depth)^^ and up to 4 m high sandwaves (with 100 to 
400 m wave length) at 60 m depth 

The middle shelf shows uneven topography with small 
scale topographic features or buried pinnacles under 2 to 
10 m thick sediments. Several pinnacles of the order of 
2 to 20 m high have been recorded on the outer shelf. 
Nair^"^ regarded the small scale prominences (1 to 8 m 
high) on the shelf as erosional remnants of now sub¬ 
merged relict bars that formed during the Holocene 
transgression. Halimeda bioherms^'"' occur as 2-14 m 
high pinnacles in echograms, narrow to broad mound 
structures in seismic profiles and linear ridges and mas¬ 
sive structures in sonographs. A total of 7-8 rows of 
well-defined, broad, symmetrical submerged sand ridges 
were found on the middle and outer shelf between 75 
and 100 m water depth over a considerable area off 
Bombay^^. This suggests that they formed discretely and 
sequentially when sea-level rise slowed down or stopped 
during the Holocene. A living coral bank named as 
Gaveshani bank“^’^^ has been reported at 80 m water 
depth off Malpe. 

A series of submarine terraces (Figure 3) at depths 
between 35 and 140 m were reported^^’^°. The most 
prominent ones, however, occur at depths between 50 
and 115 m at six distinct levels: (1) 55-60 m, (2) 65- 
70 m, (3) 75-80 m, (4) 85-90 m, (5) 95-100 m and 
(6) 110-115 m. They are quite common between 11° 
and 20°N but sparsely occur in the northern and south¬ 
ern parts of the shelf. The terraces are categorized into 
(a) wave-cut terraces, (b) coral/algal reef-induced ter¬ 
races and (c) paleo-beach/barrier terraces and their 
evolution has been ascribed to reef growth, progradation 
and wave activity during low stands of sea level in the 
Late Quaternary. 

The morphology of the, continental slope varies from 
north to south. Darshak Seamount^^ and other submarine 
hills located just south of the Indus canyon, possibly 
mark the volcanic activity related to Deccan Traps. 
North of Kathiawar, the slope morphology is being 
modified by the accumulation of Indus sediments. 
Deeper terraces at 130, 145 and 170 m (ref. 31) and 
large benches^^’"^^ at water depths 180-230 m and 650- 
780 m are present on the slope off Saurashtra-Bombay. 
The regions between Goa and Cochin show isolated 



Figure 3. Locations of submarine terraces along the western conti¬ 
nental shelf and slope of India (after Wagle et al.), 

topographic highs rising from 2,000 to 3,000 m water 
depth. These highs^ are continuous and form a structural 
high (Pratap ridge) between T and 15°N. The continen¬ 
tal slope off Ratnagiri and Goa shows the presence of 
sharply-defined portions indicating floors of different 
roughness. These may indicate portions of the slope that 
have been scoured by slumps and turbidity currents^"^. 
Turbidites transported from the shelf due to slope failure 
were reported in the eastern Arabian Basin^'*’’^^. 

There are several reports on algal ridges, algal knolls 
and reefal structures^"^’^^’"^^’^^. A scrutiny of the papers 
reveals that these were simply described based on un¬ 
derway data. Shelf edge reefs are prominent at depths 
between 85 and 136 m (ref. 39). This reef system is sub¬ 
parallel to the present day shoreline, well developed 
between Ratnagiri and Goa and between Coondapoor 
and Quilon (Figure 1), less developed between Ratnagiri 
and Gulf of Kachchh and absent between Quilon and 
Cape Comorin (latter two areas are bordered by Early 
Holocene carbonates). The reef growth at around 
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-136 m water depth at places and lack of shelf edge 
reefs^^ at some other places which comprise deeper ter- 
races^^ provide clues on paleo-topography and differen¬ 
tial subsidence that had possibly taken place on the 
western margin of India. Unfortunately there are no 
samples/radiocarbon dates on these shelf edge reefs to 
establish precisely the rate and time of subsidence. 

Nature and distribution of surficial sediments 

The surficial sediments of the western continental shelf 
and slope of India can be divided into terrigenous, bio¬ 
genic and chemogenic sediments. Terrigenous sediments 
mostly occur as sands (including heavy minerals) in the 
nearshore (up to 10-12 m water depth) followed by a 
zone of silty clays on the inner shelf between Saurashtra 
and Quilon. Relict sandy sediments carpet the outer 
shelf and are predominantly biogenic between Saurash¬ 
tra and Mangalore and admixture of abundant terrige¬ 
nous and biogenic constituents between Mangalore and 
Quilon (Figure 4 a). Biogenic sediments are again pre¬ 
dominant on the continental shelf between Quilon and 
Cape Comorin. The continental slope sediments are 
clayey silts with abundant carbonate tests. Chemogenic 
sediments are phosphorites and authigenic green clays. 

Terrigenous sediments 
Coarse-grained sediments 
Placer minerals 

Placer deposits here refer to heavy minerals concentra¬ 
tions. In order to better understand the controls on heavy 
minerals distribution in the offshore, their distribution 
on beaches has also been reviewed. 

Placer deposits of Kerala. The Kerala coast contains 
placer deposits of economic importance and are being 
mined at several places. Several workers"^®"'^^ reported 
black sands from river beds, beaches, nearshore and 
offshore regions of the continental shelf. 

The heavy minerals occur in layers and patches along 
the beaches and their weight percentage varies from 0.2 
to 96%. Ilmenite, monazite, zircon, sillimanite and 
garnet are the important minerals. Opaques (29-74%) 
(ilmenite, magnetite, rutile, spinel and leucoxene) domi¬ 
nate the heavy mineral suite and were concentrated 
during the formation of barrier spit and reworking of the 
beaches. Highest concentrations of heavy minerals occur 
in the beaches of south Kerala (Chavara-Manavala- 
kuruchi) which also contain high amounts of radioactive 
elements"^^. Five distinct mineral assemblages represent¬ 
ing provinces have been reported all along the 
beaches"^^. These provinces arise as there are variations 


in the composition of the rocks of the Western Ghats 
(from basic charnockites to intermediate and acidic 
charnockites), thickness of lateritic cover and the extent 
of Warkala coastal beds from north to south. The khon- 
dalite-migmatite complex seems to be the main source 
for the richest concentrations of monazites between 
Chavara and Manavalakuruchi"^'**. There is no correlation 
of heavy minerals in bed loads of the rivers and those 
accumulated on the beaches'^^’'^'^’'^^’'^^ and the material 
received is being drifted northwards by powerful long¬ 
shore currents generated during the southwest monsoon. 

Rao"^"*^ reported vertical distribution of heavy minerals, 
based on drill holes, and places of accumulation of plac¬ 
ers, especially in the offshore between Neendakara and 
Kayankulam. Heavy minerals content ranges from 
1 to 26% and highest concentrations are associated with 
medium sands and occur in stray patches. Of the heav¬ 
ies, 60-70% is ilmenite, 4-9% rutile, zircon and silli- 



Figure 4 a. Sediment distribution map (prepared after Nair and 
Pylee*^^, Stackelberg^'^^ Hashimi et al.\ Hashimi et Rao et 
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Figure 4 b. Anomalous seismic signatures (due to gases) in the form of well-defined reflector terminations (after Karisiddaiah ei 


manite and 0.5-1.0% monazite. The heavy mineral con¬ 
centrations are < 10% in the shore zone off Paravur- 
Varkala"^^. The inferred resources up to 1 m water depth 
in the selected areas of Varkala are 0.33 m tons of 
ilmenite, 0.11 m tons of rutile, 0.02 m tons of zircon and 
0.008 m tons of monazite and 0.15 m tons of sillimanite. 
The heavy mineral content of total sediments on the 
continental shelf (Quilon-Cape Comorin) varies from 
0.3 to 12.5%. The decrease in the proportion of opaques 
and zircon in the offshore with a corresponding increase 
in sillimanite and hornblende has been attributed to 
sorting'*'^. It has been estimated that the Kerala coast 
contains placer deposits of about 17 m tons of ilmenite, 
1 m tons of rutile, 1.2 m tons of zircon, 0.12 m tons of 

19,40-42 

monazite 

Placers of Karnataka and Goa, Heavy minerals in the 

beach sands between Mangalore and Cochin., 

Karwar^'’"'’^, Goa'"’®, in the sediments off Mangalore (up 
to a depth of 28 and in the shelf (up to a depth of 

90-120 m) off Vengurla and Mangalore^^ have been 
reported. 

The most important heavy minerals are hornblende, 
muscovite, tremolite-actinolite, garnet, sillimanite, 
kyanite, augite, zircon, monazite and opaques. Opaques 
are magnetite, ilmenite, hematite, goethite-lepidocrocite, 
rutile and pyrite^^’^®. Higher concentrations of heavy 
minerals occur in the 62-125 pm fraction except mus- 
covite which occurs more in the 125-250 pm fraction' . 
The quantity of heavy minerals varies from 0.01 to 


22.6% of the sediments and opaques vary from 1 to 72% 
of the heavies. Distributional patterns of heavies and 
fluorecent tracer studies indicate that the direction of 
dispersal of the minerals and their host sediments is to¬ 
wards south and southwest. The outer shelf sediments 
between Vengurla and Mangalore'^^ consist of 1-5% of 
heavy minerals in the sand fraction. Of the heavies, 
opaques dominate (20-90%) followed by hornblende 
(1-30%), epidote (1-20%), garnet (0-8%), zircon (0- 
5%), sillimanite (1-20%) and orthopyroxene (0-11%). 
Mandovi-Zuari province, Kalinadi province, Netravati 
province and offshore relict province have been identi- 
fied^^ 

Placers of Maharashtra. This is an important resource 
region after Kerala. There are several reports on placers 
in the coastal^^^ and offshore^^"^'*" (2-5 km up to a water 
depth of 10-12 m) areas, especially in some bays off 
Maharashtra. 

Although heavy minerals occur all along the beaches, 
their higher concentrations occur between Jaigarh and 
Vijaydurg and highest concentrations are confined to the 
arcuate bays in the central part (Table 2). The Kal- 
badevi, Mirya and Ratnagiri bays have been investigated 
in detail. Heavy minerals range from 1 to 91% which 
includes ilmenite (1-52%), magnetite with minor quan¬ 
tities of augite, hornblende, diopside mostly derived 
from the Deccan Trap province^^ Granitic (tourmaline, 
zircon) and metamorphic (kyanite, staurolite, garnet) 
suite of heavy minerals derived from Kaladgis and 
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Table 2. Heavy minerals distribution (in total sediments) in the 
offshore areas of several bays of Maharashtra (A. R. Gujar, per¬ 
sonal communication) 


Bay 

Heavy minerals 
% (range) 

Ilmenite 

% 

Magnetite 

% 

Jaigarh Bay 

20-70 

1-30 

10-40 

Ambwah Bay 

5-40 

3-30 

1-70 

Varvada Bay 

15-80 

10-60 

1-10 

Malguru Bay 

0.77-83 

0.3-27 

0.7-38 

Kalbadevi Bay 

7-90 

3-52 

1-38 

Mirya Bay 

5-72 

1-35 

3-48 

Ratnagiri Bay 

2-78 

1-22 

0,8-59 

Pavas Bay 

5-80 

0.2-20 

0.5-40 

Purnagad Bay 

10-80 

0.2-16 

0.5-40 

Vada Yetye Bay 

0.6-9 

0.09-10 

0.08-13 

Ambolgarh Bay 

9-80 

0,2-21 

0.1-40 

Rajapur Bay 

10-76 

2-13 

5-45 

Vijaydurg Bay 

5-65 

0.3-25 

0.3-47 


gneissic basement of the south Konkan coast are minor 
constituents^"^. Within the bays, the heavy minerals are as¬ 
sociated with sands in the stream entrances and along the 
shore and with silts in the centre of the bays or offshore. 

Ilmenite concentrations are the highest in the Kal- 
badevi and their concentration decreases in Mirya and 
then to Ratnagiri bay^’*'. There is no correlation between 
grain size and heavy minerals content in the bays. The 
textural parameters indicate beach/barrier island/lagoon 
type and palimpsest environments within the bays‘^’\ At 
the stream entrances, it is found that the magnetic min¬ 
erals are concentrated in the south and non-magnetic 
minerals in the north, apparently reflecting the drift di¬ 
rection wherein low specific gravity minerals were 
transported towards ,north^*. Seismic data show the near¬ 
shore first reflector of heavy mineral sand overlain by 
clays in the offshore. The thickness of the heavy mineral 
rich sands ranges from 2 to 10 m and extends up to a 
depth of 20 m. More than 10 m thick beds are associated 
with the sediments of the river mouths and buried an¬ 
cient river channels. Superposition of heavy minerals 
distribution map on the magnetic anomaly map showed a 
first order correlation between the high content of mag¬ 
netic heavy minerals and longer wavelength component 
of the magnetic anomalies^^. Ramana^^’^^ suggested that 
the changes in the individual medium to high amplitude 
short wavelength anomalies could be due to different 
concentrations of heavy mineral assemblages in the 
sedimentary layers. Assuming an average ilmenite con¬ 
centration of 10% and a minimum thickness of I m for 
ilmenite-bearing sands, the reserves are inferred to be 
about 12.5 m tons. Since the thickness of the ilmenite- 
bearing sands ranges from 2 to 10 m, the probable re¬ 
serves in the area will be much more than the onshore 
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reserves . 

Despite basalts being the major rock types, the distri¬ 
butional patterns of heavy minerals significantly differ 


along the beaches and offshore. Wagle et correlated 
geomorphology with heavy mineral content and divided 
the coast into three zones: The northern zone (Bombay- 
Srivardan) comprises of 3 to 30% heavies. Here, the coast 
is emergent type with a few rivers and low coastal relief. 
The central zone (Srivardan-Deogarh) contains high con¬ 
centrations of heavy minerals (0.17 to 98.5%). The coast is 
of submergent type with several bays and bounded by 
plunging steep cliffs. The rivers have mostly straight 
courses. In the southern zone (Deogarh-Goa), the abun¬ 
dance of heavies decreases almost to negligible proportions. 
Here, the rivers run parallel to the coast due to the forma¬ 
tion of sand spits at their mouth. Some rivers pass through 
mangrove swampy areas and bars at stream entrances and 
heavy minerals were deposited prior to the entry of the 
river into the sea and thus their heavy mineral content is 
less. Lateritic cover on the basement rocks is low in the 
northern part and high in the central part. 

Placers of Gujarat. There are a few heavy mineral 
studies^*'"'*^^ in this region. The content of heavy minerals 
varies from 0.25 to 8.32%. The important heavy miner¬ 
als are opaques (1-69%), hornblende (1-14%), clinopy- 



Figure 5 a. Radiocarbon dates (underlined) of carbonate sediments, 
sedimentary rocks on the western shelf of India (after Nair and 
Hashimi*^'"’ and Rao et 
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Figure 5 * W caliche Disolite, (ii) dune associated calcrete and (iii) rhizolilhs on the continental shelf 

ot India (after Rao‘"^ and Rao and Thamban”’-). 


roxene (0-25%), monazite (1-26%), zircon (1-20%), 
epidote (0-18%), muscovite (0-32%) and chlorite (1- 
29%) (ref. 77). Magnetite is predominant amongst the 
opaques. Four distinct provinces have been identified’^: 
(a) Indus Province characterized by muscovite, biotite 
and chlorite, (b) Offshore province characterized by 
ciinopyroxene, hornblende and some garnet, (c) Cambay 
province with high amount of epidote, monazite, pyrox¬ 
ene and some muscovite and (d) Bombay-Daman prov¬ 
ince with opaques, pyroxene, zircon and garnet. Heavy 
minerals suite reported at the intertidal zone off Hazira, 
Gujarat’^ is same as those in the Cambay province. The 
mineral assemblage suggests a mixed igneous and 
metamorphic source. 

Light minerals 

Stewart et al'^^ reported 20% quartz and 20% mica in 
the shelf sediments off the Indus. These high concentra¬ 
tions of quartz and mica continue to be present as far as 
north of the Gulf of Kachchh. In the shelf south of Gulf 
of Kachchh, quartz and mica contents are significantly 
low (5%) due to the barrier effect of tidal streams op¬ 
erating at the Gulf of Kachchh'’^’^®. Quartz and feldspar 
contents range from 20 to 75% in the sediments of the 
Gulf of Kachchh. Subangular frosted variety of quartz, 
transported by winds from the inland sources during the 
northeast monsoon, also occurs in this region’^ About 
20% quartz was reported in the inner shelf sediments off 
Bombay^\ Quartz (68-98%) followed by minor ortho- 
clase, plagioclase, muscovite and rock fragments occur 
in the sediments (< 28 m water depth) off Mangalore'^’’. 
Between Vengurla and Mangalore, light minerals con¬ 
tent is higher (50-70%) in the inner shelf than in the 
outer shelf sediments (10-50%) (ref 82). The outer 
shelf sediments contain iron-stained quartz (5-20%) and 
unstained quartz occurs in the inner shelf sediments^^ 



Figure 6 a. Location of phosphate-glaucony sediments, phosphatized 
limestones and phosphorites (after BaturinRao et Rao and 

Lamboy*^^, Vaz et 
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Figure 6h. Apatite micro particles (i) within the cellular structure of coralline algae and in the interseptal cavities of corals 
(ii) and (iii) resembling phosphatized bacteria (Rao and Nair''^^ and Rao and Lamboy^^^). 


Sedimentological studies indicate that the outer shelf 
represents paleobeach environment^^. It could be that 
the iron-stained quartz is a relict representing pa¬ 
leobeach environment, while the unstained quartz in the 
inner shelf is of Holocene age. Relict terrigenous sedi¬ 
ments in the outer shelf between Mangalore and Cochin 
(Figure 4 a) implies that, unlike in the northern part, the 
Holocene sedimentation to the outer shelf is minimal 
and has been unable to cover the Late Pleistocene sedi¬ 
ments. This is further confirmed by the exposure of ter¬ 
restrial carbonates such as calcretes and paleosols of 
Pleistocene age at 50-60 m water depth (see biogenic 
sediments). 

Hashimi and Nair^"^ showed that the feldspar contents 
are low in the inner shelf and relatively high (quantified 
by X-ray diffraction method) in the outer shelf sedi¬ 
ments, between Goa and Mangalore and interpreted 
these differences in terms of paleoclimate and suggested 
that arid conditions prevailed during the Late Pleisto¬ 
cene/Early Holocene and humid tropical conditions in 
the present day. The inner shelf sediments are predomi¬ 
nantly clayey, whereas the outer shelf are sandy and rep¬ 
resent paleobeach environment. In other words, the 
authors compared feldspar content in predominant sands 
of the outer shelf with the predominant clays in the inner 
shelf. Moreover, plagioclase feldspars weather more 
easily than alkali feldspars and thus the former associate 
with clayey sediments^^. The differences in feldspar 
content thus found appears obvious and may not be true 
reflectors of climate. 

Fine-grained sediments 

A characteristic feature on the west coast of India is the 
occurrence of clastic sediment zone along the inner 
continental shelf from Saurashtra to Cochin (see Figure 


4 a), The sediments are silty clays and this zone is wid¬ 
est on the continental shelf off Narmada and Tapti and 
narrows down to the south. It is 40 km wide off 
Saurashtra, 175 km off Tarapur, 80 km off Bombay, 
40 km off Ratnagiri, 45 km off Goa and Bhatkal and 
25 km off Cochin. This zone extends up to 60 m water 
depth off the major rivers and narrows down to 25 m in 
the south-western part. The organic carbon content, 
ranges from T to 4% (ref. 86), is lower than the world 
average (2.5%) for the nearshore sediments. The car¬ 
bonate content is about 8-10% and rarely exceeds 20%. 
The coarse fraction content is <10% and is dominated 
by shallow water foraminifers and molluscs. The 
peat/carbonized wood apparently transported from land 
occurs as intercalated layers in the sediments between 
Vengurla and Taingapatnam^^"®^, Some workers^^’^^ 
suggested that the inner shelf sediments are repeatedly 
reworked by currents running parallel to the coast that 
resulted in good sorting and sediment layering without 
bioturbation. 

Influence of hydrodynamic conditions on clay 
sedimentation: Examples from the nearshore and 
from the continental shelf 

The Indus, Narmada and Tapti are the major rivers 
situated on the north-western margin and contribute 
enormous sediment load to the Arabian More¬ 

over, the Indus cone has a volume of sediments in the 
range of 0.21 x 10^ km^, (ref. 9) and Indus sediments 
cover huge area in the Arabian Sea and were recorded 
up to a distance of 1500 km from its mouth. Besides, 
there are several minor and seasonal rivers contributing 
sediments to the shelf. Obviously one would expect their 
sediments in the immediate shelf. Sedimentation at 
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places on the shelf is influenced by intense hydrody¬ 
namic conditions and examples are given below. 

Macro-tidal environment at the Gulf of Kachchh. 
Macro-tides of the order of 4 m high at the mouth of the 
Gulf of Kachchh and 7 m in the inner Gulf and high 
speed surface currents (1.5 to 4.5 knots) within the 
Gulf^^ have been reported. The physiography and sedi¬ 
ments of the Guif79.80,96-100 iYidic 3 .tt that a large area, 
extending from mouth of the Gulf to the centre, consists 
of numerous topographic irregularities (with 10 m high 
pinnacles). The floor at the centre is covered with rock 
fragments, algal limestones, sandstones and dead corals. 
The southern shore of the gulf is relatively smooth and 
is covered by tidal flats with patches of corals. These 
features attest that the tidal influence is more rigorous at 
the centre of the Gulf. 

The river Indus is located 100 km north from the Gulf 
(see Figure 1). The Indus-borne sediments largely ac¬ 
cumulate on the entire shelf to the north of the Gulf of 
Kachchh and as a result the shelf is smooth and feature¬ 
less and 20 and 50 m isobaths are shifted towards off¬ 
shore. On the shelf south of the Gulf of Kachchh 
(Saurashtra), these isobaths occur very close to the coast 
and even small scale topographic features of 3 m high 
are not covered by sediments on the outer shelf®^ due to 
lack of sediments. Similarly, the distribution of mica, 
carbonate constituents, quartz and feldspar^^’^^^, heavy 
minerals^^ and abundance and type of various clay min- 
erals^^’^°®’‘®' showed distinct differences suggesting two 
distinct sediments types (the Indus sediments and sedi¬ 
ments from the arid Saurashtra peninsula) on the shelf 
on either side of the Gulf of Kachchh. 

The results suggest that alongshore transport of the 
Indus-borne sediments across the Gulf are affected by 
E-W flowing macro-tidal currents which are intense at 
its mouth. The net sediment transport in the inner shelf 
off the Gulf of Kachchh appears to be an interplay of 
tidal currents with south-eastward (alongshore) currents 
which flow from Indus to this area. Along-shelf move¬ 
ment takes place during ebb-llood cycles, slack periods 
at mid-tide and during the weakening of the E-W flows. 
Factors such as uneven topography and a frictional drag 
applied by sizable shoals and the bifurcation of these 
flows'^^'^^^ significantly weaken the tidal currents to¬ 
wards offshore. The presence of Indus sediments on the 
slope off Saurashtra and to some extent on the outer 
shelf indicate that the macrotidal influence is more on 
the inner shelf and decreases offshorewards and insig¬ 
nificant on the continental slope‘^^ 

Macro-tidal environment at the Gulf of Khambat. The 
Gulf of Khambat (Cambay) (Figure 1) receives drainage 
and large sediment flux from Narmada, Tapti, Puma, 
Ambica and Damanganga rivers. The tides are about 
10 m high at Bhavnagar and 5 m at Daman. Surface cur- 
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rents speed up to 2.5 knots. Due to intense hydrody¬ 
namic conditions at the Gulf, terrigenous sands (mainly 
quartz and feldspar) are predominant in the Gulf and 
extend much further offshore up to a depth of 17 m in 
the eastern side. The asymmetric and symmetrical sand 
waves reported in the vicinity of Eastern Sand Bank^^ 
are manifested by strong tidal currents operating at the 
Gulf. Furthermore, the fine-grained sediments dis¬ 
charged into the Gulf largely accumulate in the inner 
shelf from 17 m to 60 m water depth and up to a dis¬ 
tance of 175 km from the shore and form a thick (35 m) 
modern terrigenous silty clay zone. 

High energy conditions on the Fifty Fathom Flat, The 
Fifty Fathom Flat lies on the outer shelf and off the Gulf 
of Khambat. (a) The sediments on the platform are pre¬ 
dominantly carbonate sands (90%) with < 10% silici- 
clastic flux^^^, despite the Narmada and Tapti 
contributing enormous sediment through the Gulf; (b) 
Surficial sediment constituents record high energy shal¬ 
low water conditions and are of Early Holocene age^^^; 
(c) Sediments on the platform are reworked^^. The.se 
imply that high-energy conditions (generated by shelf 
edge currents) prevailed on the platform during the 
Early Holocene and, siliciclastic sediments transported 
through the Gulf either did not reach the platform or due 
to high-energy conditions these sediments must have 
been transported further offshore (see section on bio¬ 
genic sediments). 

No-clay zone on the south-western shelf (Quilon~Cape 
Comorin). The continental shelf between Quilon and 
Cape Comorin does not contain clay zone unlike the rest 
of the inner shelf (between Saurashtra and Quilon) (see 
Figure 4 a). It consists of biogenic carbonate sands. 
Within the Kerala coast, seasonal mud banks are a char¬ 
acteristic feature between Allepy and Quilon (northern 
Kerala) but are absent further south between Quilon and 
Cape Comorin. Characteristics of the shelf sediments 
have been studied and the absence of clay zone has been 
attributed to the scarcity of estuaries^It has been 
suggested that north of Quilon, there are a large number 
of estuaries which trap coarse sediments and transport 
fine-grained sediments to the inner shelf. South of 
Quilon, the scarcity of estuaries result in the deposition 
of calcareous sediments 

The rivers such as Karmana, Neyyar and Tambrapani 
bring sediment to the shelf between Quilon and Cape 
Comorin. Therefore sediment filtering in the estuaries 
does not convincingly explain the absence of clay zone 
on the shelf. Two possibilities may be considered: (a) 
The coastal region between Quilon and Alleppy consists 
of a wide belt of Recent alluvium and Warkala beds and 
between Quilon and Cape Comorin this belt is, however, 
narrow and Precambrian khondalites occur very close to 
the coast^°. It is, therefore, likely that the rivers draining 
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between Allepy and Quilon supply large sediment flux 
to the shelf while the rivers between Quilon and Cape 
Comorin supply less sediment to the shelf, as they drain 
through hard formations; less sediment supply probably 
favoured carbonate growth; (b) Just south of Quilon (at 
Neendakara rocky headland) the coastal orientation 
changes from N70°W to NIO'^W. Wave height ranges 
between 1 and 2 m at Trivandrum while at Allepy it 
ranges between 0.6 and 0.9 m (ref. 107). South of 
Quilon, the shelf width is either narrow (with steep gra¬ 
dient) or wide with flat shallow bottom (Wedge bank). 
The southwest monsoon waves approach from S70°W 
which make a more oblique angle to the coast at Neen¬ 
dakara rocky headland, thereby creating a longshore 
transport southward leading to the removal of sediments 
brought by earlier cycles. Moreover, alongshore currents 
show a seasonal reversal trend in the southern part. The 
no-clay zone in the south-western shelf may therefore be 
due to coastal rock formations and hydrodynamic fac¬ 
tors influenced by coastal configuration. 

Detrital clay minerals on the continental shelf and 
slope 

Stewart et alJ^ were the first to report the clay minerals 
in the sediments off Saurashtra. Mattiat et al}^^ reported 
clay minerals on the basis of a few widely-spaced trav¬ 
erses and Nair et from the inner shelf sediments. 
Besides, there are local and regional studies such as clay 
mineralogy of the sediments of the mud banks"^’^’*, 
continental shelf and slope off Kerala^Bombay- 
Saurashtra* Gulf of Kachchh*^^’*®*’**^^, and on the outer 
shelf from Bombay to Cochin* particulate matter in 
the sediment traps***^’**^ and clay minerals in the sus¬ 
pended and bed loads of the rivers**^’**^. A better un¬ 
derstanding has been achieved by the studies of Rao and 
Rao*^® based on 156 sample analyses from the shelf and 
slope. Several workers*^*”*^^ have reported distribution 
of quartz and clay minerals in the Indian Ocean which 
includes several samples from the Arabian Sea Basin. 

Mattiat et a/.***** indicated that illite, illite- 
montmorillonite, montmorillonite and montmorillonite 
mixed layers are important clay minerals in the sedi¬ 
ments off Karachi, Saurashtra, Bombay and between 
Vengurla and Cochin, respectively. Four distinct clay 
mineral provinces in the inner shelf sediments**^^ are 
i) the montmorillonite(M)-kaolinite(K)-illite~chlorite 
zone (M/K 2-3.5) off the Gulf of Kachchh; ii) the 
montmorillonite-rich zone (M/K> 3.5) between the Gulf 
of Cambay and Ratnagiri; iii) the transition zone (M/K 
1.5-2) from Ratnagiri to Bhatkal and iv) the montmoril- 
lonite-poor -(M/K 1.5) gibbsite zone from Bhatkal to 
Quilon. Degraded illite, mixed layer minerals and kao- 
linite along with high montmorillonite are present in the 
shelf sediments of Bombay and Saurashtra**"*. Clay min- 
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eral assemblages of the Indus province, the Deccan Trap 
basaltic province and Western Ghats Gneissic province 
are distinct on the continental shelf in the north of the 
Gulf of Kachchh, the inner shelf from Saurashtra to 
Goa, and from Goa to Cochin, respectively*^*^. 

A few studies**^’***' have indicated the abundance of 
illite, kaolinite and chlorite with minor amounts of 
montmorillonite in the outer shelf sediments. These are 
in contrast with the inner shelf sediments which consist 
of montmorillonite, kaolinite, illite and chlorite in order 
of abundance**^^. Based on these differences, Ramas- 
wamy and Nair**'"* suggested that there is no cross shelf 
transport and attributed the outer shelf clays as a prod¬ 
uct of Indus river discharge. If there is no cross shelf 
transport, the clay minerals in the sediments of the outer 
shelf and adjacent slope are expected to be similar. The 
clay minerals on the adjacent continental slope 
(Saurashtra-Goa), however, .are admixture of minerals 
derived from Indus province and Deccan trap prov- 
ince*^*^. Sedimentation rates (by excess Pb method) show 
present day clay accumulation on the continental 
slope*^**. These imply that there is a cross shelf trans¬ 
port. On the other hand, several workers****^'**^*’*^** showed 
that the clay content itself is less on the outer shelf be¬ 
tween Saurashtra and Goa (as is dominated by carbon¬ 
ates); wherever clay is present the illite dominates over 
smectite in the northern part (off Saurashtra) or smectite 
dominates over illite in the southern part (off Ratnagiri- 
Goa). The outer shelf being a high-energy environment 
(as also revealed by tracer studies*^*), the clay minerals 
mostly bypass the outer shelf and settle in the low- 
energy slope environment*^*^. These points suggest cross 
shelf transport of clays. 

The decrease in abundance of Indus-borne clay min¬ 
erals from north to south with a corresponding increase 
of clay minerals derived from the Deccan trap basaltic 
province along the continental slope suggests decreasing 
influence of Indus sediments carried by SW monsoon 
currents*^*^. Influence of organic carbon and depositional 
environment on the accumulation of clay minerals 
and propensity of individual clay minerals for transport 
(abundant montmorillonite in clayey sediments and 
relatively high illite in sandy sediments) have been 
reported .in the shelf sediments on either side of 

India>oo,120.132,:33_ 

The outer shelf and slope sediments off Goa-Cochin 
are smectite and kaolinite dominated with characteristic 
gibbsite and minor illite. The illite content increases 
together with kaolinite and gibbsite towards offshore. In 
view of the composition of the Ghats (composed of Pre- 
cambrian granites, gneisses, schists and charnockites) 
and high seasonal rainfall (3000 mm/year), one would 
expect some residual clay minerals like illite and chlo¬ 
rite in the inner shelf sediments. Despite appreciable 
amounts of mica in the coarse fraction'"'^, illite content is 
low in finer sediments of the inner shelf which needs 
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explanation. Narrow shelf, high surface runoff and off¬ 
shore transport of surface water during the SW monsoon 
must have effectively transported illite and chlorite far¬ 
ther from the coast and accumulated in the outer shelf 
and slope^^°. Western India experiences semi-arid cli¬ 
mate in the northern part and humid tropical climate in 
the central and southern parts. Clay minerals so far re¬ 
ported are confined to only group levels. Investigations 
on identifying the specific clay minerals of the group 
may not only enhance our understanding the influence of 
climate on source rocks but also will help delineate the 
mineral provinences and their distributional patterns 
more precisely. For example, the NE monsoon is active 
and intense on the southeast peninsula. As there is an 
underwater current characteristic of Bay of Bengal wa¬ 
ters on the continental slope of the west coast of 
India^^"^, clay minerals transported by this current can 
very well be studied. 

A few workerssuggested that the clay minerals 
follow a latitudinal zonation while others^^^’^^^’*^^"^^^ 
indicated the detrital nature of the clay minerals. Later 
authors suggested that the clay minerals distribution in 
the ocean is influenced not only by the continental cli¬ 
mate and geology but also by oceanic circulation pat¬ 
terns and varying processes of sediment transport. These 
workers^^*'"^^^ reported high smectite zone both in the 
Bay of Bengal and Arabian Sea bordering the Indian 
margins derived from the Deccan province. Nair et 
reported large lithogenic flux to the central Arabian Sea. 
Clay mineral assemblages in the dust plumesfrom the 
continents bordering the Arabian Sea show significant 
differences between the Holocene and Glacial accumu¬ 
lation rates of wind-transported clay minerals in the 
Arabian Sea related to the intensity of monsoon winds. 

Sedimentation rates 

The sediment accumulation rates in a given area depend 
on the current circulation patterns and environmental 
conditions at the site of deposition. There are a few 
publications reporting clay accumulation rates, deter¬ 
mined by either excess Pb methodor computed 
from the radiocarbon ages of the peat occurring at dif¬ 
ferent depth intervals in the sediment cores of the inner 
shelf®^’^^ or by biostratigraphic method^'^^. The clay ac¬ 
cumulation rate is 19 mm/yr at the mouth of the 
Narmada and Tapi rivers. It is about 5-1 mm/yr in the 
nearshore region at 20-36 m water depth^^’, and about 
1.8-2.5 mm/yr in the offshore region of Bombay at 
about 50-52 m water depth^^^’^'^V Towards south, the 
rates obtained by excess Pb method are low and vary 
from 0.56 to 0.72 mm/yr in the inner shelf sediments off 
Mangalore (at 35 to 45 m depth), 0,72 mm/yr off Mulki 
(at 50 m depth), 0.44 to 0.89 mm/yr off Karwar and 
2.6 mm/yr off Kalinadi (at 20 m depth)*"^^. The high 
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sedimentation rates in the north corroborate the high 
sediment flux derived from larger rivers and lesser 
sedimentation in the central and SW part suggest less 
sediment discharge to the shelf. The sedimentation rates 
computed by using radiocarbon ages of the peats in the 
sediment cores off Taingapatnam, Ponnani, Karwar and 
Vengurla range from 0.11 mm/yr to 1.0 mm/yr and are 
lower than those determined by Pb method. A perusal of 
the data®^ shows that the peat dated 9,630 years BP oc¬ 
curs at 420-438 cm depth interval of the sediment core 
collected at shallow water (25 m depth), whereas the 
peat dated 8,620 years BP occurs at 578-580 cm depth 
interval of the core collected slightly offshore (34 m). 
This suggests reworking which placed the older age peat 
relatively at shallow depth intervals in the core (at 25 m 
depth) and younger age peat at deeper depth interval in 
the core collected at deeper depth (34 m). In other 
words, the sedimentation rates are not uniform and the 
rates estimated by ages of the peat, therefore, may 
not be useful. A rate of about 3.8 mm/yr (by excess Pb 
method) at 350 m depth on the continental slope sedi¬ 
ments off Saurashtra^^^, 12 cm/1000 yr (ref. 143) at 
1230 m depth and 2-3 cm/1000 yr (ref. 144) on the 
lower slope at 2188 m depth has been reported. Based 
on biostratigraphya rate of 1-2 cm/1000 yrs has 
been suggested for the continental slope sediments. The 
cores collected in the region off 10°N at 2523 m (ref, 
145), and Laccadive Trough at 1724 m depth^"^^ showed 
mean sedimentation rates of 2.2 cm/1000 yr and 
3.84 cm/1000 yr, respectively. 

Methane-associated sediments 

High resolution seismic reflection studies on the inner 
continental shelf between Bombay and Cochin show 
weakly stratified and acoustically transparent clays 
which contain anomalous seismic signatures in the form 
of acoustic maskings (Figure 4 b) and are interpreted as 
gas-charged sediments^"^^’*"^^. Subsequently several 
workers^"^^”’'"’^ reported widespread occurrence of similar 
reflectors over the areas of the inner shelf from the Gulf 
of Kachchh to Cochin (Figure 1). Siddiquie et 
identified turbidity within the clays resembling inverted 
U-like features extending from an unidentified reflector, 
which is usually a sand. These acoustic maskings extend 
continuously for a distance of 50-60 km on some tracks 
off Bombay. A sediment core collected in the area 
showed bubbles at about 3.5 m depth in the core and 
fissures below 4 m. The gases associated with the sedi¬ 
ments are methane-rich (11.15%) followed by minor 
pentane, hexane and heptane^"^^. The methane enrich¬ 
ment may be due to the bio-degradation of organic mat¬ 
ter or thermocatalytic cracking of more complex 
compounds. It has been proposed that the acoustic 
maskings on the outer shelf and on the inner shelf off 
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Bombay are of different origin. It has also been esti¬ 
mated that the potential sub-surface methane in the 
gas-charged sediments is 2.6 Tg CH 4 . Its contribution to 
the atmosphere with an annual flux of 0.039 Tg/yr 
appears quite significant^^^ This may diffuse into the 
overlying waters in the event of destabilization of the 
reservoir due to neotectonic activity. 

Biogenic sediments 

Biogenic sediments on the western margin of India are 
mainly carbonates. Dolomite occurs as well-rounded 
grains in the shelf sediments off Saurashtra^^ transported 
from the adjacent rocks and from pre-existing sedi¬ 
ments. Nair and Pylee^'*’'* reported grain size and car¬ 
bonate content along a few traverses and Stackelberg^^ 
delineated relict carbonate facies on the entire margin. 
A pioneering work was done by Nair and his col¬ 
leagues™ ^ 

Sediment constituents 

Carbonate-dominated sediments predominantly occur on 
the outer continental shelf off Saurashtra-Mangalore 
and on the shelf between Quilon and Cape Comorin (see 
Figure 4 a). 

Saurashtra-Mangalore 

Major part of the outer shelf in this region is occupied 
by the Fifty Fathom Flat, a unique carbonate platform 
lying off the Narmada and Tapti Rivers (Figure 5 a). 
The sediments are aragonite sands (90%) which pre¬ 
dominantly (80-90%) comprise non-skeletal grains re¬ 
ferred to as oolites and pelletoids^^’’°^’^^^ Other 
constituents are molluscs and benthic foraminifers. 
Benthic foraminifers such as Amphistegina, Ammonia, 
miliolids and several agglutinated forms are associated 
with them, suggesting a shallow marine environment 
during the Holocene^^^’^'"’^. Halimeda fragments and 
abundant aragonite faecal pellets^^ corresponding to the 
crustaceans were reported. The mean size of the non- 
skeletal grains decreases from north to south (0.3 mm 
off Bombay, 0.08 mm off Karwar and 0.06 mm off 
Mangalore)^^^. The radiocarbon dates of the sands range 
from 10,400 to 8,300 years BP (see Figure 5 a). The 
content of oolites increases in the sediments and sedi¬ 
mentary rocks associated with submarine terraces^^ 
Grapestones are aggregates of grains cemented by mi¬ 
crobial filaments. Their content increases towards the 
southern part of the platform^®^. A shell zone comprising 
large Chama shells occurs at places off Ratnagiri and 
Goa. Relict sediments off Karwar are represented by 
ferruginous coarse sands and shells associated with an- 
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gular basalt fragments, laterite pebbles and silicified 
wood^'**^. Aragonite content (up to 99%) decreases 
southwards and is replaced by calcite; this is due to the 
decrease of non-skeletal grains in the sediments south of 
Bombay. High-magnesium calcite ranges in abundance 
from 4.6 to 38.9% and mole percent of MgC 03 varies 
from 5.5 to 16% (ref. 156). The following problems re¬ 
quire attention. 

Where did the riverine sediments accumulate during the 
Holocene? 

The Fifty Fathom Flat mostly lies between 80 and 90 m 
water depth and the surficial carbonate sediment ages 
range from 10,400 to 8,300 years BP (see Figure 5 a). 
The glacio-eustatic sea level was at -70 m at about 
10,500 years BP^^^. This implies that the platform was 
at depths between 10 and 20 m and shoreline was close 
to the platform. If normal shelf gradient (1:800) existed, 
one would expect the deposition of siliciclastic flux 
(transported through the Gulf) directly on to the plat¬ 
form and complete inhibition of carbonate growth dur¬ 
ing 10,400-8,300 yrs BP. On the contrary, the carbonate 
depositional environment prevailed during this time with 
< 10 % siliciclastic flux accumulation on the platform, 
suggesting that the topographic conditions on the inner 
and outer shelf were abnormal. This means that the plat¬ 
form (outer shelf) and inner shelf were at different ele¬ 
vations (or tectonic settings) (see neotectonic activity); 
this probably prevented terrigenous flux to the platform 
and favoured carbonate growth. It could be that the riv¬ 
erine sediments discharged through the Gulf of Khambat 
most probably were directed south-eastwards or were 
still filling the Dahanu depression on the inner shelf. 

Climatic conditions during the Holocene 

Nair and Hashimi^'*''"’ predicted arid climate during the 
Early Holocene based on sediment constituents 
(carbonate and quartz) of the western margin of India. 
On the contrary, Van Campo^^^, based on the sediment 
cores from the continental slope of western India, re¬ 
ported that the SW monsoon reactivated about 11,500 
years BP and intensified monsoon existed at about 9,000 
years BP suggesting humid conditions during Early 
Holocene. Other independent studies in the Arabian Sea 
sediments^^^’^^^ are in agreement with Van Campo^^^ 
Furthermore, it is not yet known as to why carbonates 
growth ceased on the western margin of India after 
8,300 years BP. The corals and coralline algal lime¬ 
stones dated 8,000 ±250 years BP consist of abundant 
siliciclastic flux (which filled the interstices of corals 
and were trapped between algal laminations), suggesting 
that increased terrigenous flux at about this time ' 
could have caused the demise of carbonate growth. The 
increased flux may be due to climate or sea level 
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change. Since no climatic change was reported at about 
8,000 years BP, sea level change may be responsible 
(see neotectonic activity). Detailed study in this direc¬ 
tion would provide valuable information. 

Lime muds off Saurashtra—Bombay 

The continental slope off Saurashtra-Bombay at depths 
between 150 and 500 m consists of lime muds which 
occur either as surficial deposits or are covered by thin 
layers of clayey sediments derived from the Indus*^'^’^^*^ 
These muds are creamy white, soft, homogeneous and 
composed of worn-out skeletal fragments, pelletal grains 
and mud aggregates. It consists of abundant aragonite 
with minor calcite. SEM studies show the presence of 
minute skeletal fragments, stumpy aragonite crystalline 
aggregates and slender aragonite needles^^^. These char¬ 
acteristics suggest detrital origin of muds. On the other 
hand, investigations on the adjacent shelf indicate the 
presence of Halimeda bioherms of Early Holocene age. 
Halimeda is an aragonitic alga and gets easily disinte¬ 
grated upon diagenesis. It is evident from the size and 
shape of the Halimeda grains^'"’ that the original Ha¬ 
limeda plates have been disintegrated and aragonite 
muds derived from them were not retained on the shelf 
(as the shelf was composed of abundant aragonite 
sands). These points suggest that the lime muds which 
originated from Halimeda bioherms must have been 
transported and got accumulated on the slope during the 
low stands of sea-level. The results on CaC 03 content of 
the sediments in the gravity cores collected froih the 
continental slope indicate aeolian carbonate derived 
from Saurashtra miliolites and a 200 yr periodicity in 
CaC 03 deposition'^^. Detailed studies on identifying and 
ascertaining the relative importance of the sources of 
carbonates (biogenic, detrital and aeolian) in the sedi¬ 
ment cores may help us to segregate the arid and humid 
periods more precisely and associated sedimentary 
processes during the Quaternary. 

Quilon-Cape Comorin 

Carbonate sediments on this shelf are dominated by 
molluscs (20-55%) and benthic foraminifers (33-69%), 
echinoderms (up to 6%) and other constituents (6 to 
16%) such as ostracods, bryozoans, sponge specules, 
serpulids and algal and coral fragments and rock frag¬ 
ments. Most of the skeletal constituents are brownish to 
dirty white and white, broken, rounded, worn and coated 
with secondary carbonates suggesting oxidizing and 
agitating conditions during their formationAragonite 
is the dominant mineral where molluscs are significant 
components in the sediments and high-magnesium cal¬ 
cite is dominant where benthic foraminifers are the main 
constituents. The age of the carbonates is not known. 


The type of carbonate litho-facies varies from north to 
south. For example, on the carbonate platform (in the 
north) algal litho-facies, related predominantly to 
Halimeda bioherms (Early Holocene) and its byprod¬ 
ucts, is common^'"’. In the central part, coral and rho- 
doalgal litho-facies is abundant and phosphatization 
took place in these limestones during the Early Holo- 
cene^^^. Towards south, especially between Quilon and 
Cape Comorin, the carbonate litho-facies is dominated 
by molechfor litho-facies consisting of abundant mol¬ 
luscs, benthic foraminifei*s, echinoderms and bryozoa*^"*. 
Although the age of the latter litho-facies is unknown, 
the change in carbonate litho-facies from north to south 
is seemingly related to latitude, depth, water tempera¬ 
ture and other similar factors. Carbonate litho-facies as 
paleolatitude -indicatoi's, has been reported from Brazil¬ 
ian middle-outer shelf and Mediterranean Sea (see ref. 
178) and aided in the interpretation of the paleoenvi- 
ronmental conditions during their formation. This type 
of studies are absent from this margin. 

The Carbonate platform covers an area of 28,336 km^, 
extending over 4” latitude^*^ Bombay High Oil field is 
located on the carbonate platform and at present oil is 
being extracted from Miocene beds of the platform. The 
surficial and subsurface sediments (at least up to a depth 
of 26 m) are carbonate-rich (90%) (ref. 25) and thus 
serve as good reserves for lime deposits. 

Sedimentary rocks and paleo-sea levels 

Several types such as algal, oolitic, shelly, pelletal 
limestones and sandstones^^^’^'"’'^ occur at depths between 
60 and 150 m mostly confined to the north-western shelf 
of India (Figure 5 a). Based on mineralogy, diagenetic 
textures, radiocarbon dates and stable isotope data, 
these limestones have been classified into Holocene and 
Pleistocene limestones. Within the Holocene limestones 
subtidal, intertidal and vadose diagenetic limestones 
were identified. Limestones recovered from the 130 m 
depth terrace showed intertidal conditions at about 
11,890 years BP^^ Subtidal and vadose diagenetic 
limestones were recovered from the carbonate plat- 
form^'**’^*^^. The age of the limestones on the platform 
ranges from 9,200 to 8,430 years BP. Terrestrial lime¬ 
stones such as caliche pisolites^^^, limestones with ma¬ 
rine fauna and neomorphic meteoric cement fabrics 
dune-associated calcretes, rhizoliths, and paleosols^^'*' 
(Figure 5 b) have been recovered from 50 to 60 m water 
depth along the shelf between Ratnagiri and Cochin and 
suggested to be Pleistocene shoreline indicators. 

Evidences of neotectonic activity 

Nair^^ reported five radiocarbon ages of the samples 
from the submerged terraces at -92, -85 and -75 and 
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-55 m off Bombay and Karwar and suggested that the 
terraces at -92, -85 and -75 m may correspond to 
global sea level stillstands during the Holocene. A mid- 
Holocene strandline deposit was reported on the inner 
shelf off Cochin^^^. A attempted sea level 

curves for the Late Quaternary. Actual radiocarbon 
dates of the samples, however, fall away from these 
curves and also from the glacio-eustatic sea level 
curve*^^. A review by Rao et documented several 
evidences in favour of Late Quaternary neotectonic ac¬ 
tivity, using glacio-eustatic sea level curve^^”^ as a refer¬ 
ence. These are (a) the presence of submarine terraces 
off Saurashtra-Bombay at 130, 145 and 170 m water 
depths which lie below the glacio-eustatic sea level low 
(-120 m); (b) the intertidal limestones dated 11,980 
years BP occur at 130 m depth terrace. In contrast, the 
glacio-eustatic sea level for the corresponding age was 
at -90 m; (c) The radiocarbon ages of samples from the 
Fifty Fathom Flat are younger (by 2,000 years) than at 
the corresponding depth on the glacio-eustatic sea level 
curve; (d) Occurrence of vadose diagenetic limestones 
dated 9,200 yrs BP on the Fifty Fathom Flat at 85 m 
water depth. The eustatic sea level for the corresponding 
age was, however, at -40 m; (e) Halimeda bioherms 
grew on the carbonate platform until 8,300 years BP and 
ceased thereafter; (f) Absence of data younger than 
8,300 years BP from the offshore and presence of corre¬ 
sponding data (Early Holocene -8000 to 2000 years 
dated marine samples) from the coastal regions^^^; (g) 
Depth distribution of verdine and glaucony facies on the 
Kerala continental shelf and slope which appear 
anomalous when compared with the distribution 
of verdine and glaucony facies in the eastern margin 
of India (Figure 7 b), Senegal and French Guinea mar¬ 
gins. 

Rao et showed subsidence by about 40 m on the 
north-western margin some time in the Early Holocene. 
The time and rate of subsidence during the Holocene are 
yet to be determined precisely. Subramanya^^^ reported 
evidences of buckling of landmass along east-west line 
close to 13°N resulting submergence in the north and 
emergence in the south and uplift of southern Karnataka 
during Holocene. Whiting et found ‘excess’ subsi¬ 
dence on the west Indian margin mainly due to Indus 
Fan sediment deposition and fan loading. They proposed 
that the flexural deformation influenced in such a way 
that the areas closer to the subsidence are depressed and 
far from the load experience uplift, exposing the larger 
portions of the shelf of Saurashtra during the Quater¬ 
nary. Moreover, the Kachchh area consists of a series of 
parallel E-W trending gentle folds cut by E-W strike 
faults that possibly extend into the sea^^^. Valdiya^^^ has 
also shown geomorphic, structural and geodetic evi¬ 
dences indicating repeated and fast movements in 
the Pleistocene and Holocene on faults and thrusts in 
the Himalayas. He indicated in his talk at the interna- 
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tional symposium‘s^ that the stresses and tensions 
developed due to thrusting of the Himalayas should be 
released elsewhere and continental margins could be 
the probable areas that get affected by these stresses. 
There thus appears some correspondence between 
the uplift of Himalayas and observed neotectonic activ¬ 
ity in the northwestern shelf of India during the Holo¬ 
cene. 

Chemogenic sediments 

Phosphatic sediments^ phosphatized limestones 
and phosphorites 


Phosphate content in the sediments off Mangalore and 
Bombay to Ratnagiri^^^, in phosphatized oolites at 
70-120 m depth off Bombay-Ratnagiri‘^^ and from a 



Figure 7 a. Location of authigenic green grains along the central 
and southwestern shelf of India. Triangles indicate more than 5% 
green grains in the coarse fraction, (prepared after Rao et and 
Thamban and Rao^'^). 
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WESTERN CONTINENTAL MARGIN (OFF SOUTH OF COCHIN) EASTERN CONT. MARGIN ( OFF KALINGAPATNAM) 
DISTAWCE FROM COAST (Kms)—— DISTANCE FROM COAST ( Km»)—► 



Figure 7 b. Comparison of verdine and glaucony distribution on the Kerala coast with those on the east coast of India. A,, 
Depth range suggested for present-day verdine formation; B, Verdine formed during the Holocene transgression; C, Depth 
range suggested for verdine during the Last Glacial Maximum (prepared after Rao et 


few transects across the continental margin between 
Cochin and Karachi^^^ have been reported. Subsequent 
workers^®^"^^^ made detailed studies on the distribution 
of phosphate from the entire shelf and upper continental 
slope. Various types of Holocene phosphatized 
limestones and phosphate-glaucony sediments, and 
Pleistocene phosphorites have been reported from 
the continental shelf and slope of India (Figure 

6 193-202 

The P2O5 content ranges from 0.03 to 1.19% (av. 
0.48%) in the inner shelf sediments, 0.02 to 0.45% 
(av. 0.16%) in the outer shelf and 0.26 to 0.54% (av. 
0.36%) in the upper continental slope^^^. P2O5 shows a 
positive correlation with AI2O3 (r = 0.59) and also with 
(r = 0.63) indicating its presence in the form of 
ferric phosphate or being adsorbed onto hydrous Fe- 
oxides^'^^. On carbonate-free basis, the P2O5 content in 
the southern part reaches up to 1.53 wt%. The correla¬ 
tion between organic carbon and P2O5 (r = 0.34) is 
weak. The P2O5 content of these sediments is relatively 
low^^^ compared to the sediments of Peru-Chile^®^. 

The phosphorus content of the oolites is 700 pg/g and 
1096 pg/g in the samples off Bombay and Karwar, re- 
spectively^^^. Baturin^^^ reported 7% P2O5 in fossilized 
tubular structures on the 330 m depth terrace off 
Cochin. The P2O5 content of different types of lime¬ 
stones (algal nodules, coralline limestones and pelletal 
. limestones) range from 2 to 11%, being highest in the 
algal nodules*^"^’^^^. Uranium content of the phos- 
1 ; phatized limestones ranges from 22 to 124 ppm and 

il >/544 ' ' 

i, ■ 


their age measured by ^"^C and ^^^Th/^^'^U methods range 
from 14 to 7.5 kyrs. Thin section, SEM tied EDAX 
studies of the limestones showed that apatite is in the 
form of rods, ovoids and dumb-bell shaped microparti¬ 
cles or their coalesced/aggregate forms (Figure 6 b) or 
microbial filaments^^^’^^^. These particles resemble 
fossilized bacteria reported by several workers^^'*“^^°. 
Microprobe studies showed that phosphate is associated 
with siliciclastic material^^^. There seems to be a sudden 
increase in the sediment flux to the shelf in the early 
Holocene that filled the interstices of corals or got 
trapped between algal laminations. Phosphatization of 
limestones on the shelf appears to be a short-lived event in 
the Early Holocene, influenced by microbial processes. 

High-grade phosphorites with 33% P2O5 have been 
reported in the gravity cores collected on the topo¬ 
graphic highs off Goa^°°’^^^ They occur at different 
levels below 110 cm from the core tops. Absence of 
allogenic material, unique mineralogy and chemistry and 
presence of fish bones in these phosphorites are not 
convincing that these are diagenetic precipitates in the 
sediments^°\ but suggest that these are fish coprolites 
phosphatized at low rates of sedimentation during the 
Pleistocene^^^. 

The central and south-western margin is known for 
intense seasonal upwelling and high productivity^^ ^ 
Oxygen minimum conditions exist between 150 and 
1500 m depth. The organic carbon content reaches up to 
8% in the slope sediments^^^"^^"^. Though these condi¬ 
tions are comparable with those of Peru margin where 
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present day phosphogenesis is taking place, present day 
apatite formation has not yet been reported. This may be 
due to lack of systematic exploration or some other 
factors inhibiting apatite formation. 

Authigenic green clays 

Verdine and glaucony are two granular green clay facies 
usually reported from the shallow submerged margins. 
Verdine is a newly distinguished facies. It has been re¬ 
ported to occur at depths < 60 m followed seaward by 
glaucony. Earlier workers^^’^^^ reported green grains on 
the western shelf of India at depths < 50 m and referred 
to them as glauconite without analysing their mineral¬ 
ogy. Verdine facies as separate green grain facies was 
known only in the year 1985 (see ref. 216). Subse¬ 
quently, detailed studies^^^’^’^ were carried out on the 
green grains from the Kerala continental shelf and slope 
and on the shelf from Ratnagiri to Cape Comorin. 

A total of 195 samples have been examined for the 
green grains occurring at depths between 40 and 330 m 
and between Ratnagiri and Cape Comorin. Of these, 116 
samples showed the presence of green pigment (Figure 
7 d). The green grain content ranges from 2.4 to 51.2% 
of the coarse fraction of the sediment. The green grains 
are abundant in the sediments off the river mouths and 
in association with skeletal constituents. The green 
grains occur as irregular dark green grains, dark green 
glossy and light green rugose pellets and internal molds 
of skeletal constituents. Detailed mineralogical studies 
on 19 samples indicate that all the green grains studied 
here are a mixture of predominant authigenic green clay 
and detrital clay minerals and are altered. Both phyllite 
V and phyllite C (verdine minerals) associated green 
grains occur on the continental shelf. Phyllite C associ¬ 
ated grains occur off the river mouths and in the transi¬ 
tion zone between inner and outer shelf where there is 
some contribution of fine-grained material. Phyllite V 
associated grains are found with relict reefal sediments 
and terrigenous sands of the outer shelf. On the conti¬ 
nental slope, phyllite V occurs at depths between 100 
and 205 m followed by phyllite C at about 280 m depth 
on the continental slope. Glauconitic smectite of the 
glaucony facies occurs in association with phosphate 
facies at 330 m water depth’^^. Major element composi¬ 
tion of the green grains slightly deviates from that oi the 
green grains that contain pure authigenic clay. 

The results^'^ indicate that (a) verdine facies occur 
over an area of about 100,000 km^ representing the 
largest sedimentary basin in the world associated with 
low fluvial input; (b) The size of the verdine deposit is 
related to the influx of iron rather than the amount of 
fluvial discharge; (c) The colour of the grains does not 
reflect the authigenic mineral or its evolution and (d) 
Green grains on this margin formed at different times 
when the sea level was at different depths during the late 


Quaternary; (e) Comparative studies on the distribution 
of the green grains from the Kerala shelf and slope with 
those on the continental shelf and slope of the east cocist 
of India (Figure 7 b) indicate that the verdine facies oc¬ 
cur up to 280 m depth followed by glaucony facies on 
the Kerala coast. Whereas on the east coast of India, 
verdine facies occur up to 170 m depth followed by 
glaucony facies^^® which is in agreement with Senegal 
and French Guinea margins^^^. The contrasting distribu¬ 
tion on either side of the Indian margins has been at¬ 
tributed to the differences in paleogeography of the 
margins and as an evidence of Late Quaternary neotec- 
tonic activity on the west coast of India. 

Organic-rich sediments 

The amount and type of organic matter in marine sedi¬ 
ments reflect the supply and preservation of organic 
materials from marine and terrestrial sources. Organic- 
rich sediments occur as laminated sediments on the con¬ 
tinental slope of the west coast of India^^ and black 
shales in east coast of India^'^. These are important in¬ 
dicators of palaeo-oceanography. Several workers re¬ 
ported the distribution of organic carbon in sediments 
along the western margin of India and also the adjacent 
Arabian 

Organic carbon (OC) content in the inner shelf sedi- 
ments^^^ along the west coast of India ranges from 1 to 
4% and is associated with clayey sediments. High C/N 
ratios (10-30) indicate that it is mainly of terrestrial 
nature. On the outer shelf, OC values are low (<1%) and 
associated with relict sandy sediments. OC values are 
relatively high (>2%) on the continental slope except the 
slope between Indus mouth and Porbandar and a small 
portion of the anoxic slope along the southern Indian 
tip. Moreover, organic carbon-rich (4-16.7%) band^'^ 
and laminated organic-rich sediments^^ occur on mid¬ 
slope, intersecting the oxygen minimum, continuously 
between Bombay and the southern tip of India and is 
relatively wide between Ratnagiri and Mangalore. C/N 
ratios and 5^^C valuesindicate that the OC is 
mostly of marine origin. Higher levels of OC in the 
slope sediments are still a matter of debate. As there is 
mis-match in the productivity-associated zones and or¬ 
ganic-rich zones on the continental slopes, some^^^ con¬ 
sider that OC-rich sediments have accumulated due to 
preferential preservation of deposited organic matter in 
anoxic conditions and thus considered that the Arabian 
Sea is a modern analogue for the environment of forma¬ 
tion of organic-rich sedimentary facies. Hydrogen indi¬ 
ces (HI) values^^^ for the sediments in the oxygen 
minimum are higher than that of sediments above and 
below the oxygen minimum zone and higher HI values 
are indicative of preservation. The poor supply of or¬ 
ganic matter^"^ from the Indus may be responsible for 
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Figure 8. Distribution of organic carbon (OC), CaCO^ and sand fraction in sediment cores from three physiographic settings 

(after Thambanef^i/.^^^) 


the low OC in the slope sediments of the northeastern 
part of the Arabian Sea. 

Several others^^^’“^^’^^® have reported that organic car¬ 
bon maximum on the western margin of India extends 
over a larger depth range than the oxygen minimum and 
hydrogen indices of the sediments are similar in the 
sediments accumulating within and outside the oxygen 
minimum zone. These authors suggest that hydrogen 
richness in the sediments is not related to bottom water 
oxygen concentration but is controlled by sediment re¬ 
working. They found low HI values for the OC in 
coarser sediments and high HI values for the OC in finer 
sediments. These authors suggest that the distribution of 
OC is controlled by the variations in surface productiv¬ 
ity, dilution by other sedimentary components and tex¬ 
ture of the sediments and conclude that the bottom water 
oxygen concentration cannot be the primary factor de¬ 
termining the organic content and its preservation in 
continental slope sediments. Since surficial sediments 
on the western continental margin of India are being 
modified by depositional and mass transport processes 
from the adjacent shelf^^\ the investigations in the 
sediment cores may be useful in resolving this problem. 
In fact a core collected off Pakistan showed OC varia¬ 
tions in relation to productivity^^^. 
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Detailed studies (texture, OC and CaCOs contents, 
rock-eval pyrolysis, coarse fraction studies and radio¬ 
carbon dates) were carried out on sediments in the grav¬ 
ity cores collected from three physiographic settings 
(upper continental slope, topographic highs and terrace), 
within the oxygen minimum zone at depths ranging from 
280 and 350 m (ref. 214). These studies indicate that the 
OC, CaCOs and sand contents (Figure 8) are high at 
core tops and the values decrease with increasing depth 
in the Holocene and Upper Pleistocene sediments of the 
continental slope. OC shows strong positive correlation 
with CaCOs and sand content of the sediments of the 
slope and strong negative correlation with those of the 
topographic highs. On the terrace, it shows negative 
correlation in the sediments closer to the Last Glacial 
Maxima (LGM) and then positive correlation at the core 
tops. The OC content is lower in all Pleistocene sedi¬ 
ments and its relationship with CaCOa content is diverse. 
The OC is immature and marine or a mixture of both ma¬ 
rine and terrestrial in the Holocene sediments and is mostly 
terrestrial in the Pleistocene sediments. The influence of 
reworking, winnowing and texture of the sediments 
varies in each physiographic setting. It has been sug¬ 
gested that OC in the Holocene sediments is mainly 
controlled by primary productivity. Texture and rework- 
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ing are also responsible for the OC variations. Data on 
stable isotopes are required to substantiate the findings. 

Some important research problems to be 
investigated 

Marine geological studies on the western continental 
margin of India have progressed for the last 30 years 
and a fairly good understanding has been achieved on 
surficial geology. The following are some important 
research problems to be investigated: (a) Precise sam¬ 
pling and dating of submarine terraces, shelf edge reefs 
and drilling on reefal sediments may provide important 
clues on paleo-oceanography; (b) Exploration for placer 
deposits in several less studied coastal bays in 
Maharashtra and those associated with former shorelines 
and river valleys on the continental shelf may be helpful 
in discovering the placers of economic potential; (c) 
There is no reliable sea level curve for the continental 
margins of India. A systematic study is essential to gen¬ 
erate reliable database on sea level changes and for the 
construction of a regional sea level curve for the Late 
Quaternary. This area of study, which has received less 
attention so far, should be given high priority in order to 
model and better estimate the rise of sea level by green¬ 
house gases and by subsidence; (d) Recent studies have 
merely described acoustic maskings based on shallow 
seismics. Actual measurements for confirmation and 
estimation of methane in waters as well as in sediments 
should be investigated; (e) Detailed exploration for 
phosphorites are required at least in three areas (off 
Saurashtra, Goa and Kerala); (f) Stable isotope studies 
on sediment cores are required to understand the palaeo- 
oceanography of the organic-rich sediments; (g) Studies 
on shelf edge exchange processes may allow the 
identification of the mechanisms of sediment transport; 
(h) Data on sediment accumulation rates on the shelf 
and slope are sparse and scattered and more areas have 
to be investigated systematically; (i) As the clays on the 
inner shelf are carbonate-poor and organic-rich, 
studies may be initiated for the utility of these clays for 
ceramics. 
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The plant alkaloid colchicine exerts characteristic 
antimitotic activity by binding specifically to the 
dimeric protein tubulin, an important constituent of 
the mitotic spindle. Apart from its polymerization 
into microtubules, colchicine binding is one of the 
primary characteristics of tubulin and the tubulin- 
colchicine interaction has been studied in detail. Col¬ 
chicine binding to tubulin results in inhibition of mi¬ 
crotubule assembly both in vitro and in vivo. The 
binding is slow, noncovalent, poorly reversible and 
occurs with a stoichiometry of 1 mole of colchicine 
per mole of the tubulin dimer. Both tubulin and 
colchicine undergo characteristic conformational 
changes upon interaction, which are often used as 
probes to monitor the progress of the reaction. The 
use of structural analogs of colchicine, especially the 
B ring analogs, has thrown considerable light on the 
mechanism of colchicine binding. It was observed 
that the B ring of colchicine, more specifically its C7 
substituent, plays an important role in regulating the 
kinetic and thermodynamic parameters of the 
binding reaction, although it has no major role in 
assembly inhibitory or tubulin-binding ability of 
colchicine. Contact(s) between the B ring substitu¬ 
ents, hanging outside the colchicine-binding site on 
the j3 subunit of tubulin, and the neighbouring a 
subunit are thought to be responsible for such regu¬ 
latory action. 


Colchicine, the active principle of Colchicum autum- 
nale, also found in various related plants of the Lili- 
aceae family, has been known since antiquity for its 
medicinal uses. Purified colchicine is still in use today 
for the treatment of gout and familial Mediterranean 
fever*’^. 

The presently accepted structure of colchicine (Figure 
1) first proposed about 40 years ago^, consists of a 
three-ringed nucleus, of which one is a trimethoxy ben¬ 
zene ring (called ring A), one a methoxy tropone ring 
(called ring C) and a third, saturated seven-membered 
ring (B ring), carrying an acetamido substituent at its C7 
position. Colchicine disrupts a variety of cellular func¬ 
tions, e.g. mitosis'^’“\ secretion^’^ cell elongation^’^ cell 
motility and morphology^^. It was recognized quite early 
that colchicine possesses the remarkable ability to mod¬ 
ify celled growth by arresting cell division in meta¬ 
phase - the so-called stathmokinetic effect^ b Such 
antimitotic behaviour of colchicine was identified to be 


due to its very specific and destructive action on the 
mitotic spindle, and led to extensive use of colchicine in 
cytology and related fields. Colchicine was, and has re¬ 
mained, one of the main tools for the production of 
polyploids and amphidiploids in plant breeding‘s. 

The ‘colchidne-binding protein^: Tubulin 

The introduction of radioactive colchlcine‘^, labelled 
with tritium on the methoxy group of ring C had spec¬ 
tacular consequences. Early studies indicated that col¬ 
chicine exerts its antimitotic activity by binding to 
‘microtubules’, the major constituent of the mitotic 
spindle. Further researchdemonstrated that 
[3H]colchicine binding could be traced to a proteina¬ 
ceous subunit of the microtubule. In fact, [3H]colchicine 
binding provided the tool necessary for the initial purifi¬ 
cation and characterization of this ‘colchicine-binding 
protein’subsequently identified as tubulin. Since 
then, the tubulin-colchicine interaction has been the 
most intensively studied aspect of microtubule biochem¬ 
istry and has thrown considerable light on the tubulin- 
microtubule system and its intracellular functions. Pres¬ 
ent studies with colchicine and its derivatives indicate 
that antimitotic activity of colchicine is directly related 
to its stoichiometric binding with tubulin, which disrupts 
the tubulin <=> microtubule dynamic equilibrium in a 
cell‘d. 

Any review of colchicine remains incomplete without 
a discussion on tubulin and a brief resume of tubulin 
structure and properties, pertaining to this article is 



Figure 1. Structure of colchicine. 
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presented here. Tubulin, the subunit protein of microtu¬ 
bules, is a dimer of two similar but nonidentical subunits 
a and /?. The dimer has a Stake’s radius of 4.2 to 4.4 nm, a 
sedimentation coefficient of 6 S and a molecular weight of 
about lOOkDa, there being approximately 450 amino acid 
residues in each subunit. The subunits are held together by 
non-covalent forces and therefore dissociates reversibly 
with increasing dilution. The values of obtained range 
from 0.2 to 1 |iM and depend on the presence of col¬ 
chicine, excess calcium or GTP hydrolysis**”^^. 

The detailed three-dimensional structure of tubulin is 
not known, as crystals of tubulin suitable for X-ray dif¬ 
fraction have not yet been prepared and tubulin is too 
large a protein for NMR studies. Insights into the gen¬ 
eral folding architecture of the tubulin dimer have 
mainly been obtained from proteolysis^^’^^, antibody 
binding^^’^® and cross-linking studies^’'^^ Figure 2 
shows a widely-accepted model of the tubulin dimer, 
based on these results^'^'*. Both the a and subunits are 
composed of two globular domains, a larger amino (N) 
terminal domain and a smaller carboxy (C) terminal do¬ 
main, connected by an exposed loop. Limited digestion 
of the protein with trypsin and chymotrypsin specifically 
cleaves a and /i tubulin respectively at a single site only, 
producing N terminal and C terminal fragments of each 
subunit^"*. Cross-linking studies have demonstrated that 
intra-dimer contacts are between N terminal domain of b: 
subunit and C terminal domain of the P subunit^’. The 
C-terminal ends of both subunits are remarkably rich in 
acidic residues, especially in glutamic acid^®'^”. At 
physiological pH, these sequences are highly charged 
and stay in an extended conformation^”*. Small regions of 
tubulin, called the C-terminal tails, are exposed to the 
solvent with little noncovalent interactions with the rest 
of the protein^^'^”*. They are readily cleaved by the pro¬ 
tease subtilisin producing first, dimers with intact a and 
cleaved y3 ends, called hybrid tubulin (a/Sj (refs 23, 31). 
This is followed by cleavage of a, yielding the doubly 
cleaved asfis or tubulin S (refs 23, 31). The tails of tu¬ 
bulin regulate important functional properties of the 
protein. Polymerization is progressively enhanced as the 
tubulin tails are digested; such enhancement is probably 
due to reduction of charge as the tails are cut off, which 
facilitates the dimer-dimer interactions necessary for 
efficient assembly^’^'. Colchicine-binding properties of 
tubulin are also altered by C-terminal cleavage^^. The 
binding sites for several tubulin-binding ligands and 
proteins, viz. calcium, poly-lysine, the microtubule as¬ 
sociated proteins (MAPs), etc. are also located here 
(shown in Figure 3)^^”^^. 

Microtubule poisoning by colchicine 

Apart from its polymerization into microtubules, the 
ability to bind colchicine is one of the primary charac¬ 


teristics of tubulin, and the interaction between the two 
has been studied with tubulin from many organisms and 
higher plants^*"^^. The most dramatic effect of col¬ 
chicine is its potent inhibition of microtubule assembly, 
even at substoichiometric concentrations, both in 
vifro”*®'”** and in vivo'^. Colchicine affects both the rate 
and extent of tubulin polymerization, although variable 
IC 50 values for inhibition of polymerization have been 
reported”*'. The mechanism by which colchicine inhibits 
microtubule assembly has been examined in a number of 
laboratories. Microtubule assembly in vitro is a biased, 
polar phenomenon”*^'”*''' where under steady state condi¬ 
tions, net tubulin dimer addition and loss occurs at op¬ 
posite ends of the microtubule, resulting in a 
unidirectional flux of subunits through the microtu- 
bule”*^'”*^. Tubulin-colchicine complexes can therefore 


Tr 



Figure 2. A model of the tubulin dimer, showing the larger N do¬ 
main and smaller C domain of both the a and /3 subunits. Trypsin 
and chymotrypsin cleavage sites are shown on exposed loops con¬ 
necting the N and C domains of a and p tubulin respectively. In¬ 
tradimer contacts between /3C and aN are also shown. The C- 
terminal tails of both subunits are extended from the dimer surface 
and are cleavable by subtilisin. 


MAP/Pplylysine 
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Figure 3. The carboxy terminal sequences of a and tubulin, be¬ 
ginning from residue 384 in a and 374 in and some of their impor¬ 
tant features are shown. The lines above the sequences indicate the 
possible binding sites for MAPs, polylysine, and calcium on both 
subunits and also, the helical region on /S tubulin that is partially 
unfolded upon colchicine binding. The arrow-labelled Su indicates 
the major site of subtilisin cleavage. 
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poison assembly by adding to the growing end of micro¬ 
tubules, effectively ‘capping’ that end and blocking 
addition of further dimers by rendering that end totally 
incompetent for supporting assembly - the ‘end poison¬ 
ing’ model'^^ An alternative model of colchicine action 
is based on the ‘co-polymerization phenomenon’, in 
which the tubulin-colchicine complex gets incorporated 
into the growing microtubule, along with unliganded 
tubulin monomers"^^. Consequent conformational 
changes at the microtubule end lowers progressively the 
affinity of the end for unpolymerized tubulin, resulting 
in a decrease in the apparent rate of addition of tubulin 
dimers to the microtuble. 

Colchicine-induced depolymerization of preformed 
microtubules has also been observed"^^’"^^’'^^. The de¬ 
polymerization also appears to occur in an end-wise 
fashion, where the binding of tubulin to colchicine low¬ 
ers the free tubulin concentration to below the critical 
concentration required for polymerization, thus shifting 
the tubulin-microtubule equilibrium towards the dimer. 
It has been reported that the microtubule-associated 
proteins significantly reduce the rate of colchicine- 
induced depolymerization'^*'^’'^^'^^. 

Both colchicine and tubulin undergo 
conformational adjustments upon interaction 

The molecular mechanism of colchicine binding to tu¬ 
bulin has received considerable attention. Although col¬ 
chicine is not altered chemically upon binding, it 
undergoes some conformational changes during the 
binding process, as indicated by marked changes in its 
spectroscopic properties. Colchicine does not fluoresce 
when free in aqueous or organic solvents. However, 
binding to tubulin causes a dramatic increase in col¬ 
chicine fluorescence, with emission maximum near 
435 nm and a quantum yield of about 0.03 (refs 51, 52). 
The development of its fluorescence upon binding to 
tubulin has provided a simple technique for detailed 
kinetic and thermodynamic analyses of the reaction. The 
fluorescence has been ascribed to the tropolone moiety 
(C ring) of colchicine and is probably due to a jr - 
transition, with fluorescence lifetime of 1.14 ±0.02 ns, 
which is characteristic of the singlet state^^. The CD 
spectrum of colchicine is also altered upon binding to 
tubulin (loss of negative CD band at 340 nm)'*’'^. 

The basis of promotion of colchicine fluorescence 
upon binding to tubulin is not well understood. It has 
been shown that the promotion of colchicine fluores¬ 
cence upon binding to tubulin can be mimicked by im¬ 
mobilizing the ti'opolone ring, e.g. on increasing solvent 
viscosity, upon freezing or upon inclusion into mi- 
celles^^''**’\ This suggests that the induction of colchicine 
fluorescence is primarily due to its immobilization on 
binding to tubulin. It is also established that solvent po¬ 


larity plays a role in determining the ability of col¬ 
chicine to fluoresce in absence of tubulin although the. 
relative contribution of the two factors, viz. viscosity 
and polarity, when the drug is bound to tubulin is yet to 
be determined‘*'‘\ The change in CD spectrum probably 
signifies, a flattening of the molecule upon binding to 
tubulin, with a marked decrease in the dihedral angle 
between the A and C rings from about 55° to less than 
20° (ref. 54). This more planar conformation permits 
extended conjugation and hence the observed enhance¬ 
ment of fluorescence. 

Tubulin also undergoes a conformational change upon 
binding colchicine as indicated by small changes in its 
absorption and CD spectra. A time-dependent quenching 
of tubulin fluorescence on binding colchicine is also 
observed’'’^”'’'^ The quenching is proportional to the oc¬ 
cupancy of the colchicine-binding site and in the satu¬ 
rated complex, almost 35-40% of intrinsic fluorescence 
of the unliganded protein is quenched. This fluorescence 
quenching is believed to be due to Forster’s energy 
transfer between the bound colchicine and one or more 
tryptophans neighbouring the colchicine site on tubulin. 
That colchicine induces a local unfolding in tubulin has 
also been concluded from proteolytic studies^^. Col¬ 
chicine binding causes changes in tubulin sulfhydryl 
group reactivity; intra-/j-subunit covalent cross-linking 
of two reactive cysteines, Cys 239 and Cys 354, by 
A/',A'-ethylenebis(iodoacetamide) (EBI) is prevented, 
indicating a conformational shift^*. Changes in immu¬ 
nological properties of tubulin upon binding colchicine 
are also reported^^. Colchicine binding also enhances the 
intrinsic GTPase activity of tubulin^*'*’^’'^ and lowers the 
of the tubulin dimer‘^’^^’^^. 

Based on kinetic data'*’^’^’"*, a two-step model of the 
binding reaction has been proposed 

T-bCo [TC] [TC]*, 

which involves an initial, rapid, equilibrium step be¬ 
tween colchicine (C) and tubulin (T), to form a low af¬ 
finity, non-fluorescent complex [TC]. The second step is 
slow and poorly reversible, yielding the high affinity, 
fluorescent complex [TC]*. The slow step is where con¬ 
formational changes of both tubulin and colchicine occur. 

Properties of the tubulin-colchicine 
interaction 

Binding of colchicine to tubulin is slow, requiring al¬ 
most 60-90 min at 37°C to reach completion, noncova- 
lent and poorly reversible^*^’^^. The thermodynamic and 
kinetic parameters of the binding reaction have also 
been determined by many workers. Reports on rate con¬ 
stants have ranged from lO'"^ to 2 x 10^ h~‘ while off- 

rate constant values between 0.009 and 0.049 have 
been obtained*'^’'^^’"'’^’^^ Much of this variability is 
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probably due to differences in reaction conditions, reac¬ 
tion temperature and source of tubulin. The rate of 
binding of colchicine to tubulin is enhanced by certain 
anions like tartarate or sulphate®^. The activation energy 
of the forward reaction is about 20 kcal/mol (refs 70, 
71). Such high values of activation energy have been 
attributed to the conformational changes of both tubulin 
and colchicine that accompany their binding reaction. 
The enthalpy values (AH) reported were 7-16 kcal/mol 
and the entropy values (AS), 47-80 entropy units. The 
reaction is entropy driven. 

Colchicine-tubulin interaction is strongly influenced 
by pH. The pH profile of colchicine-binding activity of 
tubulin shows a maximum at pH 6.8, decreasing on 
either side of this optimum pH (ref. 32). The binding 
activity is labile, and is often used as a probe for aging 
of the tubulin. However, it appears to be more resistant 
to inactivation than polymerization activity of tubulin . 
A variety of agents are known to stabilize the colchicine¬ 
binding site, e.g. sucrose’^”’^'*, glyceroU*, MAPs^^, 
polylysine^'’ and antimitotic drugs like vinblastine and 
colchicine itsell^^^^. Many of these stabilizing agents 
bind to the C-terminus of tubulin, suggesting that the C- 
terminus must be involved in the lability. It has been 
shown that both pH dependence of colchicine binding 
and time dependent decay of the site are very much re¬ 
duced in tubulin S, obtained by C-terminal cleavage' . 
Also the affinity for colchicine is lowered due to in¬ 
crease in olT-rate constant of the complex^^. These 
changes are probably regulated by the a C-terminus as 
hybrid tubulin had properties similar to tubulin . 

Using Scatchard analysis, most workers have reported 
that colchicine binds to native tubulin with a stoichiome¬ 
try of approximately 1 mole per mole of the dimer . 
Some reports, however, indicate two classes of col¬ 
chicine-binding sites on tubulin; one being of high 
affinity and the other of very low affinity’*■®^ The pres¬ 
ence, origin and implications of these two classes of col¬ 
chicine-binding sites on tubulin are still not confirmed. 


Role of colchicine analogs to understand the 
mechanism of drug-protein interaction 

In order to understand clearly the mechanism and vari¬ 
ous aspects of the tubulin—colchicine interaction, such as 
(!) specificity and necessity of different rings of col¬ 
chicine in its binding to tubulin, (2) slow association 
and high activation energy, (3) reversibility and (4) 
thermodynamic properties of the binding reaction, sev¬ 
eral structural analogs of colchicine, that bind to the 
same site on tubulin, have been synthesized and their 
binding to tubulin studied in some detail. 

Structure-activity studies indicate that the A and C 
rings of colchicine comprise the minimum structural 
features of the molecule required for its high affinity 



R»H : Deacetomidocolchicme (DAAC) 

R«NH 2 ‘DeacetylcolchicineCNH 2 -DAAC) 

R«NHCH 3 Demecolcine (NHMe'DAAC) 
R=.N(CH 3 ) 2 : N-Methyl demecolcine 
(NMe2“DAAC) 
R»NHC0CH3: Colchicine 




2-Methoxy-5-(2,3U-tnmethoxyphenyO troponelAC) 


Figure 4. Structure of AC and other B ring analogs of colchicine. 

binding to tubulin. Insertion of a bulky group in the A 
ring of colchicine, as in colchicoside, causes complete 
loss of binding®^. On the other hand, several changes in 
the C ring, such as different substitutions at the CIO 
position (e.g., thiocolchicine) or a replacement of the 
seven-membered ring with a six-membered phenyl ester 
(e.g., allocolchicine) are tolerated*^"®^. However, re¬ 
placement of the tropolone ring with a phenyl ring, as in 
colchinol, causes total loss of binding ability''*. Also, 
correct positioning of the carbonyl group in the C ring 
appears to be important as isocolchicine, which has al¬ 
tered positioning of the carbonyl and methoxy groups in 
ring C, binds to tubulin very feebly'**. Single ring ana¬ 
logs of colchicine (A ring and C ring) also bind to tubu¬ 
lin specifically and reversibly although the standard free 
energy change of individual ring binding is lower than 
that of colchicine . 

Colchicine analogs modified at or even depleted of the 
B ring (structures shown in Figure 4) retain antimitotic 
and assembly inhibitory activity and bind as well to tu¬ 
bulin at the colchicine site. This apparently rules out any 
major role of the B ring in antimitotic activity or tubu¬ 
lin-binding property of colchicine^^’^*’***. Nevertheless, 
the presence of the B ring alone, or more specifically its 
C7 substituents significantly influences the binding 
mechanism, kinetics, association and dissociation rates, 
activation energy, reversibility, temperature dependence, 
thermodynamic properties of the binding reaction and 
also quantum yields of their complexes with tubu- 
lin®7.7i.80.90-94_ 'j'j,ese have been discussed below. 

Colchicine analogs with progressively smaller or 
no substituent in the B ring bind to tubulin remarkably 
faster than colchicine. Colchicine and its analog, 
2 -methoxy-5-(2',3'4'-trimethoxyphenyl)tropone (AC; 
having no B ring) are two extreme drugs; while col¬ 
chicine binding to tubulin is slow, requiring almost 
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90 min to attain completion at 37°C, AC binds tubulin 
even at 4°C and the binding is almost instantaneous at 
37°C (refs 67, 89). The association rate constant of AC 
binding to tubulin has been calculated to be 
187.2 X 10^ M“‘ ir^ while the dissociation rate constant 
is 216 h”‘ (ref. 71). The activation energy of the AC*- 
tubulin interaction is significantly lower than that for 
the tubulin-colchicine reaction, only about 12- 
13 iccal/mo^^ The rapid binding and low activation en¬ 
ergy of AC binding to tubulin might be attributed to its 
structural simplicity compared to colchicine (absence of 
the B ring) and free rotation through the phenyl-tropone 
bond. The on rate and off rate of desacetamidocol- 
chicine (DAAC; having the B ring but no C7 substitu¬ 
ent) binding with tubulin is 17 times slower than that of 
AC although the activation energies of both are simi- 
lar^^’^"^. This is not unexpected as the B ring of col¬ 
chicine immobilizes its A and C rings and hence hinders 
their free rotation. A significant drop in association rates 
and a significant enhancement in the activation energies 
occur when an NH 2 group is present at the C7 position 
of the B ring (NHj-DAAC; deacetylcolchicine)^^'®"*. In 
fact, the activation energy of the tubulin-deacetyl- 
colchicine interaction was found to be about 5 kcal/raol 
greater than that of the colchicine-tubulin association. 
However, substitution of further bulky groups as in the 
aminocolchicinoids (e.g. NHMe-DAAC; demecol- 
cine/colcemid and NMe 2 -DAAC; A-methyldemecolcine) 
does not affect either the association rate or the activa¬ 
tion energy^"^. These results suggest that not only the 
presence of the B ring itself, but also the nature of its C7 
substituent affects significantly the reaction kinetics and 
the activation energy of binding. Also, electronic rather 
than steric properties of the B ring side chain appear to 
be of greater importance in the activation enthalpy of 
the colchicinoids binding to tubulin. 

Another important property of the colchicine-tubulin 
interaction that has been Ibund to be related to the B 
ring is the reversibility of the reaction. Thus, while col¬ 
chicine-tubulin interaction is essentially irreversible, 
AC-tubulin interaction is >90% reversible^^’'^^ Com¬ 
pounds such as DAAC, NH 2 -DAAC, NHMe-DAAC and 
NMe 2 -DAAC are partially reversible, their dissociation 
rates being similar to each other and about 18-30 fold 
less than that of AC^^’^"^. Results of reversibility clearly 
indicate that it is the carbonyl group of the B ring sub¬ 
stituent present, rather than the size of the substituent or 
the B ring itself that is responsible for the irreversibility 
of the colchicine-tubulin interaction. The dissociation 
rate of the colchicine analog, colchicine fluorescein, 
where the >C=0 of the side chain was substituted by 
>C=S, was found to be similar to DAAC and the other 
aminocolchicinoids and much greater than colchicine^"^, 
thus supporting the above-mentioned hypothesis. 

The B ring substituent influences significantly the 
thermodynamic parameters of the reaction as well. Both 
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AC-tubulin and DAAC-tubulin interactions are charac¬ 
terized by a small positive entropy change and negative 
enthalpy of binding^’The reactions are enthalpy- 
driven ones unlike colchicine-tubulin interaction which 
is entropy-driven^*’^'"’. Progressive introduction of amine 
and alkyl amine substituents into the B ring results in a 
concomitant increase in entropy of the binding reac¬ 
tion^"*. Thus, the bare B ring itself has no significant 
effect on the thermodynamics of drug-tubulin interac¬ 
tion. Rather, it is the B ring substituent that converts an 
enthalpy-driven reaction (as in AC, DAAC) to an 
entropy-driven one as in colchicine. 

The solvation properties of colchicine and its conge¬ 
ners are very much influenced by the side chain at the 
Cl position. Whereas colchicine is highly soluble in 
water, its analogs mentioned here are weakly soluble. 
The B ring substituent of colchicine and its analogs is 
also crucial for the subsequent fluorescent properties of 
their complexes with tubulin. The promotion of col¬ 
chicine fluorescence upon binding tubulin has already 
been mentioned. Like colchicine, AC and DAAC exhibit 
marked fluorescence upon binding and have a quantum 
yield of approximately 0.02 (ref. 91). Other colchicine 
analogs where the B ring substituent is an acetylated 
amine have quantum yields comparable to colchicine 
and the fluorescence was not particularly sensitive to the 
bulk of the substituent, once the complex was formed. In 
contrast, the addition of free amine or alkyl amine (the 
aminocolchicinoids) substituent at the Cl position yields 
analogs that fluoresce very poorly or not at all when 
bound to tubulin^^". This low fluorescence of the amino¬ 
colchicinoids bound to tubulin has been explained by 
exciplex formation between the lone electron pair of the 
nitrogen and the n system of the C ring which leads to 
fluorescence quenching of the latter'^^. 

The colchicine binding site on tubulin 

Many workers have tried to localize the colchicine¬ 
binding site on tubulin. Efforts to define the colchicine¬ 
binding site have generally involved induction of cova¬ 
lent interactions between tubulin and different affinity 
and photoaffinity labelled derivatives of colchicine. The 
results obtained were apparently contradictory to each 
other. Initial studies with bromoacetylcolchicine (label 
on side chain of B ring) indicated binding to a tubulin^^ 
Proteolytic studies with the colchicine-tubulin complex 
yielded colchicine bound peptides, having molecular 
weight of 16-18 kDa, belonging to a tubulin^^. Col¬ 
chicine localization to the a subunit has also been 
shown using photoaffinity label on colchicine with a 
long spacer arm^^; however a shorter spacer arm led to 
colchicine binding to both a and /? tubulin^*. Predomi¬ 
nant labelling of/? tubulin has been obtained with A ring 
derivatives, viz. chloroacetates of 2- or 3-demethyl- 
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thiocolchicine^^. Direct photoaffinity labelling with 
[3H]colchicine has shown that the labelling occurs pref¬ 
erentially on P tubulin, with some labelling of the a 
subunit at longer times, suggesting that the site is lo¬ 
cated near the aip interface^^*^. Analysis of these results 
shows that when the reactive group is in the side chain 
of the B ring of colchicine, the a subunit is always la¬ 
belled. In contrast, when the affinity group is on the A 
ring of colchicine, the labelled peptide belongs to /?. 
This suggests that the A ring is probably a part of the 
subunit while the B ring substituent is close to a, 
Luduena and Roach suggested colchicine binding to /? 
subunit on the basis of drug-induced inhibition of spe¬ 
cific cross-linking of sulfhydryl groups on In yet 
another approach, several groups have shown that many 
mutations associated with colchicine resistance occur on 
/? tubulin^°"’’°'^. Also, different isotypes of /3 tubulin in 
the dimer lead to different kinetics of colchicine 
binding^^"^. That colchicine binding occurs on the ^ 
subunit has also been shown directly in some recent re¬ 
ports. Photolabelling of tubulin monomers induced by 
lactoperoxidase with [3H]colchicine showed that the 
bulk of radioactivity becomes attached to (i tubulin*^^. 
Colchicine-induced unfolding of tubulin is believed to 
occur in the carboxy terminal region of /? tubulin, 
around Arg 390 (ref. 60). Recently it has been shown 
that Cys 354 of p tubulin is directly involved in col¬ 
chicine binding’^^’^^^. 

A model of the tubulin-colchicine complex 

Having established that colchicine and its analogs inter¬ 
act primarily with the ^ subunit, a pertinent question is 
where on the /? subunit does the binding take place and 
what contribution, if any, does the a subunit make to the 
binding process? A schematic model of the tubulin- 
colchicine complex (Figure 5), in conformity with most 
experimental observations, answers the question. It 
consists of the following characteristics. The colchicine 
site is on p tubulin, near the aip interface. It consists of 
two chemically different and independent subsites which 
serve as attachment points for colchicine, one for ring A 
and the other for ring C of the drug. It is believed that 
colchicine binds to tubulin, first through its tropolone 
ring by means of hydrogen bonding or ring stacking'''^’^'\ 
This induces a structural change in tubulin that facili¬ 
tates binding of the A ring through hydrophobic interac¬ 
tions with the protein. The B ring substituent resides 
outside the colchicine-binding site in the equilibrium 
complex. Recently it has been proposed that the B ring 
substituent faces a tubulin and probably makes some 
kind of contact(s) with the protein, possibly with the a 

These contact(s) between the B ring substituent, pro¬ 
truding out iTom p tubulin, and the protein are respon- 
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Figure 5. Schematic representation of the tubulin-colchicine com¬ 
plex, showing the position of the colchicine-binding site on /? tubu¬ 
lin, near the dimer interface and the B ring substituent in contact 
with a tubulin. However, this is not a structural model of the protein 
but only a picture to clarify the discussions in the text. 

sible for regulating the unusual properties of the tubu¬ 
lin-colchicine reaction, viz. slow association rate, high 
activation energy, poor reversibility and high entropy. 
Thus an analog with no side chain (e.g. DAAC) or no B 
ring (AC) and hence incapable of making contact(s) with 
the a subunit, binds tubulin with properties dramatically 
different from colchicine. The a subunit probably im¬ 
poses constraints on the tubulin-colchicine interaction, 
making the entry and exit of the drug difficult. This 
contact(s) would cause a reorganization of water struc¬ 
ture around the protein and the drug towards greater 
disorder of the water molecules compared to the isolated 
and individually hydrated species, thus providing a 
simple explanation for the observed high values of en¬ 
tropy accompanying the binding reaction. It also ac¬ 
counts for the a subunit being labelled when the affinity 
label is in the side chain of colchicine, while p tubulin is 
labelled preferentially when the A ring carries the 
chemically reactive group. 

Additional support for this model is provided by a re¬ 
cent study which describes colchicine binding to tubulin 
monomers^ In the dissociated state of tubulin, the as¬ 
sociation rate of the tubulin-colchicine interaction in¬ 
creases 3-4 fold, the activation energy is lowered to 
13 kcal/mol and the reversibility of the reaction is con¬ 
siderably increased. Moreover, the tubulin-colchicine 
reaction which is normally entropy-driven becomes en¬ 
thalpy-driven when tubulin is in the monomeric form. 
The situation is thus analogous to DAAC or AC binding 
to tubulin dimers and confirms that the B ring substitu¬ 
ent does make a contact with a tubulin, that is respon¬ 
sible for the peculiar properties that characterize 
colchicine binding to tubulin. These properties are thus 
markedly different in cases where such contacts are not 
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possible, e.g. when colchicine binds to tubulin mono¬ 
mers or when the substituent is absent (AC or DAAC). 
The possibility of such regulatory contact(s) between the 
B ring substituent and the /? subunit (that bears the col¬ 
chicine site) is eliminated for in that case, the binding 
parameters would be independent of whether tubulin is 
in its dimeric or monomeric states. 

The nature of these contacts is not clear although a 
possible involvement of the amino and carbonyl groups 
of the B ring side chain in forming hydrogen bonds with 
the surroundings, might be visualized. Which part of a 
tubulin participates in such contacts is also not clear. It 
is strongly believed that the B ring side chain makes 
contact with the C-terminus of a tubulin; that is why 
subtilisin cleavage of the a tail modifies the colchicine- 
tubulin interaction^^. Definite evidence in support of this 
hypothesis is, however, awaited. 
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Most fractal systems in nature are heterogeneous. 
For such fractals, a unique fractal dimension is in¬ 
sufficient to characterize them and the same differs 
depending upon the method used to estimate it. Such 
fractals are called multifractal and are characterized 
by the generalized dimension The generalized 
dimension and Dq spectra of the spatial distribu¬ 
tion of earthquake epicenters in the Himalayan re¬ 
gion are studied for the time series having a window 
of 1964 to 1993. In general, the value of Dq is larger 
for low values of the parameter q. The rate of de¬ 
crease (slope) of Dq spectra have been found to be 
associated with the change in seismicity structure in 
the region. Steep slopes in the Dq spectra have been 
found to be associated with high rates of energy re¬ 
lease and the gentle slopes correspond to low rates of 
energy release in the region. 


Fractures exhibit a fractal structure over a wide range 
of the fracture scale, i.e. from the scales of microfrac¬ 
tures to megafaultsIn such systems, the number of 
fractures that are larger than a specified size are related 
by a power law to the size. The physical laws governing 
the fractal structures are scale invariant in nature. Since 
the occurrence of earthquakes is causally related to the 
size of fractures, they also have fractal structures in their 
space, time, and magnitude distributions^"^^. The fractal 
structures may be homogeneous or have multiscaling. 
The fractal sets having multiscaling are heterogeneous 
and are called multifractal sets. Most fractals in nature 
are known to be heterogeneous. Such fractals are charac¬ 
terized by generalized dimension Dq. Recent studies 
have shown that many natural phenomena such as the 
spatial distribution of earthquakes, fluid turbulence are 
heterogeneous multifractalsThe heterogeneity and 
multiscaling of fractal structure of spatial distribution of 
earthquakes in a region is related to the heterogeneity in 
the distribution of the seismicity. A number of studies 
have been made to investigate the temporal variation of 
heterogeneity in seismicity using multifractal analysis in 
various seismic regions^®"^^. Here we report on a similar 
investigation for the Himalaya. 

This change in spatial pattern of earthquakes is re¬ 
flected in the generalized dimension Dq or Dq spectra of 


the seismicity. Therefore, the study of temporal varia¬ 
tion in Dq and Dq spectra may be used to study the 
changes in the seismicity structure before and after the 
occurrence of large earthquakes, which may prove to be 
of value in forecasting of such events. Accordingly 
Hirabayashi et al?^ have done the multifractal analysis 
of seismicity of the regions of Japan, California and 
Greece using fixed mass and fixed radius methods. 
Hirata and Imoto^^ have performed multifractal analysis 
of microearthquake data of Kanto region using correla¬ 
tion integral method. Li et have performed the 

multifractal analysis of spatial distribution of earth¬ 
quakes of Tanshan region (Mi>1.8) using extended 
Grassberger-Procraccia method of Dq estimation. These 
studies have noted changes in the temporal characteristic 
of the generalized dimension Dq and Dq spectra which 
are associated with the occurrence of some large earth¬ 
quakes in these regions. This question, however, needs 
further investigation, particularly in different tectonic 
domains of the world. In the present study we investi¬ 
gate the temporal behaviour of generalized dimension 
Dq as well as Dq spectra for earthquakes in the Himalaya 
for the period 1964-93 to see if they can serve as a pre¬ 
cursory measure. 

Data analysis 

The time window for analysis was chosen to be 1964 to 
1993 and the USGS earthquake catalogue for the Hima¬ 
laya for this period was used for the multifractal analy¬ 
sis. The earthquakes for the period under investigation 
are shown in Figure 1. The stepped box shows the out¬ 
line of the zone taken to approximate the Himalaya. The 
completeness of the catalogue was verified using the 
procedure discussed in ref. 23 and it is found to be 
complete for magnitude threshold of m/, > 4.5. Under the 
assumption that geological processes are steady over 
historical time and the observation capabilities are 
steady over the time window under consideration for 
m/, >4.5, the temporal changes in the frequency of 
earthquakes may be attributed to the aftershocks of the 
larger earthquakes and to local temporal variations in 
seismicity. 
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Figure 1. The seismicity of India and its adjoining areas. The main boundary thrust (MBT) is also shown. 



Analytical framework for the analysis 

The available methods for calculating Z)„ are the box- 

O A ^ O Q 

counting method " , the fixed-radius method and the 
fixed-mass method^^’^®. These methods work well pro¬ 
vided the number of data points is very large^®”^°* The 
extended Grassberger and Procaccia method^^’^^ is used 
in our analysis, which can recover the dimension from a 
time series. It is described as follows: 

log Q(r) = log r (r 0), (1) 


C,(r) = Lim r ^ (1 / N)^ (1 / 7V)£ H(r- X,. ~ Xj) 


X 1/^-1, (2) 

where r is the scaling radius, N is the total number of 
data points within a search region in a certain time in¬ 
terval (also called the sample volume); X/ is the epicen- 
tral location (given in latitude and longitude) of the iih 
event, Xy is the epicentre (given in latitude and longi¬ 
tude) of the yth event, C^{r) is the ^th order integral and 
H(.) is the Heaviside step function. 

In the procedure for estimating spectra as a func¬ 
tion of time, a time series of earthquake epicenters has 
to be formed and divided into sub-series (subsets). Let 
set be a complete set of earthquakes occur¬ 

ring in time period 1964-1993, and M/ the magnitude of 
an earthquake occurring at time Thus the earthquakes 


constitute a time series of N elements. We consider this 
time series as the original data set. 

In the present case the original data set is divided into 
21 subsets. Each subset consists of 300 events with an 
overlap of 260 events. The subsets and their correspond¬ 
ing time periods are given in Table 1. Q/r) is calculated 
using equation (2) for the epicentral distribution X/ of 

Table 1. The subsets and their corresponding time periods along 
with the number of large events occurring in different magnitude 


ranges 


Subset 

event 

Time period 
(years) 

6.0 < mi, < 6.5 
(No. of events) 

6.5 < ni}) < 7.0 
(No. of events) 

1-300 

1963.068-1973.980 

6 

1 

41-340 

1964.766-1974.482 

6 

1 

81-380 

1965.697-1975,699 

4 

1 

121-420 

1967.113-1976.633 

4 

1 

161-460 

1968.499-1977.883 

4 

1 

201-500 

1971.079-1979.246 

4 


241-540 

1973.738-1979.883 

4 


281-580 

1973.202-1980.858 

6 


321-620 . 

1974.085-1981.592 

4 


361-660 

1974.947-1983.066 

4 


401-700 

1976.208-1983.874 

4 


441-740 

1977.146-1984.555 

4 


481-780 

1978.933-1985.394 

4 


521-820 

1979.646-1986.313 

3 


561-860 

1980.633-1987.280 

2 


601-900 

1981.135-1988.189 

1 

1 

641-940 

1982.074-1989.678 

1 

1 

681-980 

1983.363-1990.555 

1 

1 

721-1020 

1984.316-1991.305 

1 

2 

761-1060 

1984.958-1992.124 

2 

2 

801-1099 

1985.694-1993.00 

2 

2^ ’ 
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Figure 2. Selection of scaling region for Himalaya earthquakes, N = 300. a. Log r versus log Q(r) for three 
values of q‘,b. Log r versus K curve of (u). c, Log r versus K of region A which is shown in d. Log r ver¬ 
sus Log Q(r) curve of region A which is shown in (c). 


the subset. The distance r between two events is calcu¬ 
lated by using spherical triangle^^ For epicentral distri¬ 
bution having a fractal structure, the following power 
law relationship is obtained in the scaling region. 

C,(r) ~ r'’". 

An appropriate scaling region has to be estimated before 
the computation of the generalized dimension The 
scaling region is a linear segment in the graph of log r 
versus log C^/r). The scaling region may be character¬ 
ized by the circular boundary defined by scaling radius 
around epicentre. We use the method of Li et alP' to 
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determine the scaling region in Himalaya. Three point 
curves for q = 2.0, 0.0, -2.0 respectively are shown in 
Figure 2 a which are studied for the selection of the 
scaling region. There may be two or more linear seg¬ 
ments in each curve. It is known that slopes of adjacent 
points in the graph will be constant when these points lie 
on a linear segment. The graph of log r versus K (K is 
the slope of adjacent points of the graph of log r versus 
log C^(r) is shown in Figure 2^. A, B and C are the 
three possible regions which are separated by the cusps. 
The scaling region corresponds to the range in r for 
which the variation in slope is a minimum. The 

361 







RESEARCH ARTICLE 



Figure 3. The temporal change of generalized dimension for q, -2.0, 0,0, 2.0 in order from top to boltom 
for the epicenter distribution. 


variation in K for r(0.0°, 5.0*^) is a minimum which cor¬ 
responds to the region A. There is approximately one 
linear segment A in each curve for different values of q 
in the graph of log r versus log Q(r). 

The region A has therefore been selected to calculate 
generalized dimension The range of r in region A is 
ro . Thus the scaling region will be characterized by the 
circular boundary of radius tq. The scaling parameter 
within the boundary will be different from the scaling 
parameter outside the boundary. The value of scaling 
radius ro in region A is about 5°, the maximum distance 
of two points in the earthquake data in Himalaya region 
is rn,ax 25°, so ro/r^ax equals approximately (1/5). This 
implies that the boundary effect^^ will be present if the 
scaling radius ro is larger than (l/5)rmax. The reference 
regions B and C lie outside the scaling region having 
significant deviations from linearity. The generalized 
dimension is obtained by getting the slope of the lin¬ 
ear segment which lies in the scaling region. The 
values for the epicentral distribution of all the 21 sub¬ 
sets are calculated in the same scaling range. 

Results and discussion 

The generalized dimension is calculated for the time 
series comprising 21 subsets of earthquakes following 
the procedure outlined above. The standard deviations 
of the estimates of are less than 10% and are gener¬ 
ally smaller for larger values of q. The D^j for negative q 
is considerably more sensitive to the changes in the 
fractal structure of the earthquakes than the for 
q > +2. This is exemplified by the higher slopes of the 
Dy curves for q <2. 

Figure 3 shows the temporal variations of for three 
different values of q(-2, 0 and 2) from the year 1964 to 
1993. The values for each subset are plotted at the 
time where the last earthquake entered the subset. The 
first subset of 300 earthquakes starts from 1963.068 
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years and ends at 1973.980 years. Thus the value 
evaluated for this subset is plotted on the time axis at 
1973.980 years. The temporal changes observed in D _2 
are larger and rough as compared to the variations in the 
other two dimensions Dq and D 2 . Among the three di¬ 
mensions, Dq has the least variation, to the point of be¬ 
ing almost flat. Furthermore, the changes in D 2 and D _2 
are in the opposite directions. This feature signifies that 
as the clustering of the earthquakes increases, i.e. D 2 
decreases, the D _2 increases which represents an in¬ 
crease in the patches having little or no earthquakes. 
Thus in the time period 1964-1983, increased levels of 
clustering of the earthquakes would occur, whereas in 
the period 1983-1993, the D 2 assumes larger values and 
would therefore characterize decreased levels of cluster¬ 
ing. Accordingly, the multifractal characteristics of the 
earthquakes in Himalaya are changing with time. 

The value of Dq ranges from 1.45 to 1.60 in the total 
time period (1964-1993). Sadovskiy et al}^ obtained a 
value of 1.5 for Dq for a catalogue of world-wide earth¬ 
quakes. Thus our estimates for Dq in the Himalaya are 
close to the above value of global data set. The variation 
in D 2 is 1.0-1.3 and D _2 is 1.78-2.26. A lower value of 
D 2 obtained for the Himalaya shows that the fracture 
distributions are tending to fill a two-dimensional space 
through primary as well as secondary faulting. However, 
the low value of fractal dimension corresponds to a 
higher percentage of release of earthquake energy 
through primary faulting and the rest on the fractal dis¬ 
tribution of sub-faults^'^’^'^ In the Himalaya primary, the 
faulting is considered to be due to the basement thrust 
fault^^ on which the larger magnitude earthquakes occur. 
This is a north dipping ('-6°) surface at a depth of about 
15-20 km. It constitutes a megathrust extending along 
the entire Himalaya for about 2,400 km and having an 
average width of about 80 km. Thus the low value of D 2 
indicates that the seismic activity is mainly due to the 
primary faulting over the boundary thrust fault in the 
region. As D 2 has a fairly constant value of 1.0 in the 
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Figure 4. The temporal variation of energy released in various siihsets. 





Figure 5. Multifractal analysis of epicenter distribution of earthquakes occurring in subset 1 and subset 5. n. The spectra 
of subset 1 and subset 5; b, Spatio-temporal pattern of seismicity in (R-T) domain, the distance R is calculated for all earth¬ 
quakes in subsets from the reference point shown by solid circle in (c). c, The epicentral distribution of earthquakes occurring 
in different time windows in subset 1 and subset 5. 


period 1973-1983, it may be interpreted as indicating 
the seismic activity in this period to be dominated by 
primary faulting. On the other hand, Di attains higher 


value of about 1.4 in the period 1983—1993 suggestive 
of a tendency for the earthquakes to fill a 2-dimensional 
space. 
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The seismic energy distribution in various subsets is 
shown in Figure 4. One notices three distinct levels of 
energy, viz. from 1973 to 1978; 1978 to 1988 and 1988 
to 1993. The shapes of the curves in each of these peri¬ 
ods are similar. The levels are determined by the larger 
events, viz. the 1975 6.8 earthquake, the M^l,l 1988 

Bihar earthquake and the Ms 7 1991 Uttarkashi earth¬ 
quake. We would like to recognize if these events 
caused corresponding anomalies in the curves. The 
period of 1988-1993 shows a very significant increase 
in D_ 2 , and a weaker decrease in Di. This feature signi¬ 
fies increased level of clustering of earthquakes. Simi¬ 
larly where Mg 6.8 event occurred in the beginning of 
the period 1973 we observe a similar pattern as 
above. Occurrence of clustering associated with larger 
events has been observed in other studies in California, 
Japan and China^^"^^. We may interpret a general in¬ 
crease of clustering during periods of larger earth¬ 
quakes. 


Dg spectra of the subsets 

The Dg versus q curve is termed as Dg spectra. We next 
discuss the features of typical Dg spectra for the three 
time zones discussed above. The Dg spectra is a decreas¬ 
ing function of q. The shape of the Dg spectra is ex¬ 
pected to be diagnostic of the temporal changes of 
seismicity patterns before large earthquakes. The slope 
of the Dg spectra becomes gentle for the extended distri¬ 
bution of earthquakes and it becomes steep for the case 
of concentrated distribution of earthquakes. As before 
large earthquakes clustering of earthquakes may occur 
leading to a steep Dg spectra which may serve a precur¬ 
sory anomaly^°“^^. Thus seismicity distributions have 
evolutionary nature which may form distinctive patterns. 
For studying the nature of evolving seismicity patterns 
in addition to the Dg spectra, we also plot the spatial 
distribution of earthquake epicenters and the graph of 
distance {R) of epicenters from a reference point and the 




4.5 mb 5.0 
5.0 mb 5.5 

5.5 mb 6.0 
6.0 mb 6,5 

6.5 mb 7,0 



Figure 6. a. The Dg spectra of subset 5 and subset 16; Spatio-temporal pattern of seismicity in (R-T) domain; c, The epi- 
central distribution of earthquakes occurring in different time windows in subset 5 and subset 16. 
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Figure 7. a, The spectra of subset 16 and subset 21; b, Spatio-temporal pattern of seismicity in (R-T) domain; c, The epi- 
central distribution of earthquakes occurring in different time windows in subset 16 and subset 21. 


corresponding time of occurrence (T). Figure 5 a shows 
the spectra in the first time zone, i.e. 1973-1978. 
The slope of D^j spectra for subset 5 in this time zone is 
steeper than for subset 1. This indicates that an increase 
in the clustering and gaps is occurring progressively 
with time. The corresponding display of these features 
in the epicentral distribution is shown in Figure 5 h and 
in the R~T domain in Figure 5 c. The epicentral plot for 
subset 5 shows a discernible increase in clustering as 
compared to the similar plot for subset 1. Similarly the 
R-T plot indicates a similar increase in clustering in the 
case of subset 5. 

For the second time period 1978-1988, we compare 
the patterns in spectra, R-T plot and epicentral maps 
for subset 5 and subset 16. In this case we observe that 
the pattern is moving from a state of clustering to de¬ 
clustering. The slope of spectra moves from a steep 
shape for subset 5 to a gentle slope for subset 16. The 
corresponding feature may be seen in the R~T and epi¬ 
central plots (see Figures 6a-c), Similarly for the third 


time zone (1988-1993) we notice the seismicity pattern 
moving from a state of dispersed structure to clustered 
structure. The slope of spectra changes from a gentle 
shape for subset 16 to a steep shape for subset 21. Cor¬ 
responding features may be seen in R-T and epicentral 
plots (see Figures 7 a-c). 

Conclusions 

The present study shows the multifractal nature of 
seismicity in the Himalaya region. The multifractal 
characteristics vary with time. The heterogeneity of the 
multifractal is related to larger magnitude earthquakes. 
However, the magnitude threshold of mf, > 4.5 and rela¬ 
tively small time window constrain the resolution of the 
analysis. But as there is a general correlation of the 
features of clustering as indicated by Dq with the large 
magnitude earthquakes, it holds promise for serving as 
precursory parameter for earthquake data sets having 
lower magnitude threshold and larger time window. The 
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correspondence between the energy released and the 
spectra may be used in seismic hazard studies. 
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officinarum L.) var. CoC 671 
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Red rot of sugarcane caused by Colletotrichum falca- 
turn Went has become a threatening disease for the 
popular cultivar CoC 671. The work on isolation of 
red rot resistant lines using cellular selection is in 
progress. During present work an improved tech¬ 
nique is developed for isolation of red rot toxic me¬ 
tabolite in higher quantity using sugarcane host 
extract medium (1 g/10 1 of culture filtrate). The 
toxin was partially purified and incorporated into 
the MS medium supporting the growth of sugarcane 
callus of var. CoC 671. The lower levels (0.05%) did 
not inhibit the growth, however, the delay in callus 
proliferation was seen beyond 0.1% toxin level. The 
growth of callus was completely inhibited with 0.5% 
toxin concentration in the basal medium. The results 
confirm the pathogenicity of the isolated metabolite 
and limits of toxicity in vitro condition. 

Sugarcane var. CoC 671, which is showing a great 
promise as an early maturing variety, has become sus¬ 
ceptible to red rot disease caused by Colletotrichum 
falcatum Went*. There is a need to select red rot resis¬ 
tant lines using this variety. The efforts to induce red rot 
resistance through mutation^ and similar approaches^ 
have not yielded desirable results. Plant cell and tissue 
culture technology has helped in selecting the disease- 
resistant lines in sugarcane'^"^ However, these reports 
do not contain the studies on resistance to red rot. It is 
necessary to isolate the fungal toxin produced by C. fal¬ 
catum strain growing on this local variety and use for 
screening the tolerance of the varietal cells in vitro 
condition. Methodology on screening for red rot sus¬ 
ceptibility in the initial stages of field multiplication has 
been reported^ During the present work, the in vitro 
screening is carried out for finding the limits of toler¬ 
ance to the toxic metabolite produced by the C. falca¬ 
tum. We present the modified method of isolation of 
toxic metabolites from the pathogen. 

Diseased stalks of CoC 671 were collected from 
Aland sugar factory area (Karnataka, India) from five- 
month-old sugarcane field. They were cut into small 
pieces, i.e. 0.2 to 0.3 cm and washed thoroughly with 
the sterile distilled water. The stem pieces were disin¬ 
fected with 70% alcohol for 30 sec followed by washing 
with sterile distilled water to remove the traces of alco¬ 
hol. The diseased materials were again transferred to 
0.1% HgCl 2 for 3 min and washed thrice with sterile 
distilled water. After surface sterilizaton, the diseased 


materials were gently placed on oats meal agar in petri 
plates. The petri plates were kept at room temperature 
(25 ± 3°C) until the fungal growth almost covered the 
surface of the medium. 

The identity of this pathogen was confirmed using 
cultural, morphological and pathogenicity tests. The 
morphological characters of pure pathogen were ob¬ 
served daily after incubation. The fungus showed the 
cottony growth of mycelium which turned grey with the 
age. The conidial masses were dark grey at first and then 
changed into pink masses. 

The microscopic characters of the fungus were also 
observed. The hyphae were thin, branched, hyaline, 
septate and contain oil droplets. Numerous black setae 
were found around stroma and many falcate sickle 
shaped conidia were found at the tip of short conidio- 
phores. 

In vitro production of toxic metabolites by C. falca¬ 
tum Went has been demonstrated^ which causes symp¬ 
toms similar to those caused by the pathogen. The 
Czapeck Dox medium and Host extract medium were 
used for toxin production. The host extract medium 
containing 250 g of sugarcane var. CoC 671 extract, 
NaNOs - 2 g, K 2 HPO 4 - 1 g, MgS 047 H 20 - 0.5 g, 
KCi - 0.5 g and FeS 04 7 H 2 O - 0.01 g were dissolved in 
1000 ml of distilled water and pH of the medium was 
adjusted to 7.0. 250 ml of each were dispensed in 500 
ml conical flasks and autoclaved. The flasks were each 
inoculated with 6 mycelial disks (8 mm diameter) cut 
from the margin of young growing colonies of pathogen. 
The flasks were incubated at room temperature in still 
condition for 15 days. 

After 15 days of incubation, the cultures were filtered 
and the mycelial mat was homogenized with five vol¬ 
umes of (w/v) sterile distilled water with pestle and 
mortar. The homogenate was centrifuged at 1000 g for 
15 min and the pellets were discarded. The supernatant 
was reduced to one tenth of the original volume by 
evaporating at lOO'^C on water bath. The reduced vol¬ 
ume was combined with equal volume of methanol, 
stirred well and kept at 5°C overnight and then filtered. 
The methanol was removed by distillation and the left 
out filtrate was taken into a separating funnel and the pH 
was adjusted to 3.5 with dilute O.IN HCl. An equal vol¬ 
ume of diethyl ether was added and shaken well. The 
ether phase was separated and mixed well with equal 
volume of 5 % aqueous solution of sodium carbonate, 
separated again and the aqueous phase was discarded. 
The ether solution was evaporated to dryness at 40°C on 
water bath. It was then weighed and kept in a desiccator 
for further use. The concentrated toxic metabolite from 
mycelium was distinguished as endotoxin and that of 
culture filtrate as exotoxin. 

The isolate of C. falcatum used in this study has pro¬ 
duced the toxic metabolites in both Czapek Dox medium 
and sugarcane host extract medium. It was relatively 
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Table 1. Effect of toxic metabolite isolated from C. falcatum on callus growth* of sugarcane 

var. CoC 671 


Toxin con. 

% in MS 
basal medium 

15 

Days after subculture 

30 45 

60 

Control 

0.05 

0.1 

0.2 

0.5 

0.19 (± 0.026) 

0.18 (± 0.022) 

0.34 (±0.002) 

0.11 (± 0.006) 

0.10 (±0.006) 

0.53 (±0.033) 

0.63 (±0.013) 

0.65 (±0.014) 

0.28 (± 0.006) 

0.12 (±0.003 

1.41 (± 0.003) 
1.00 (± 0.13) 

1.17 (±0.048) 
0.47 (± 0.003) 
0.31 (±0.015) 

1.56 (±0.056) 
1.30 (± 0.019) 
1.35 (±0.013) 
0.55 (± 0.004) 
0.46 (± 0.005) 


*Fresh weight in grams. 



Figure 1. In vitro influence of red rot toxin on callus growth of 
sugarcane var. CoC 671. Toxin concentration: 1, control; 2, 0.05%; 
3, 0.1%; 4, 0.2%; 5, 0.3%; 6, 0.5%. 

very high in sugarcane host extract medium (0.8 to 
1 g/10 1 filtrate) as compared to Czapeks Dox medium 
(0.5 to 0.6 g/10 1 filtrate). 

There are also reports on isolation and partial purifi¬ 
cation of toxic metabolites from Colletotrichum species 
isolated from different host plants^®"^^. These reports do 
not contain the isolation and purification of toxin from 
sugarcane pathogen. The toxic metabolite production by 
C. falcatum growing on sugarcane has confirmed the 
pathogenicity of sugarcane red rot fungus due to the 
influence of phytotoxin^. In the present work, the toxic 
metabolite isolated from sugarcane host extract medium 
was used for bioassay using the leaves of the variety 
CoC 671. Typical symptoms of red rot were developed 
after 6 days of its administration. 

Further, the studies were extended by inducing callus 
formation of CoC 671 sugarcane variety using tissue 
culture medium*^. The methodology for callus induction 
is reported in our earlier communication^"^. The friable 
callus was used for the screening of the growth parame¬ 
ter with various concentrations of fungal metabolite in 
MS medium. 


The relative growth response of the toxin treated with 
callus culture of sugarcane var. CoC 671 was studied by 
using small screw cap glass vials with MS medium. The 
different concentrations of the toxin (0.0, 0.05%, 0.1%, 
0.2%, 0.5%, 0.8% and 1%) were incorporated into the 
medium. The growth responses were recorded at 15 
days’ interval up to 60 days. The change in the fresh 
weight of the callus was recorded by taking weight of 
the screwcap culture tubes (Table 1). 

The increasing concentration of toxin in MS medium 
resulted in inhibition of callus growth of CoC 671 
(Figure 1). The callus growing in control and 0.05% 
toxin level did not show any inhibitory effect, while the 
growth inhibition was noticed beyond 0.5% toxin level. 
The callus induction is slightly delayed at 0.1 and 0.2% 
toxin level. The callus segments subcultured on toxin 
level beyond 0.5% in the medium did not actively pro¬ 
liferate and instead turned brown, compact and finally 
died within ten days of subculturing. 

The toxin concentration beyond 0.1% shows inhibi¬ 
tion of the growth and beyond 0.5%, it is completely 
inhibited. There is a need to use this concentration for 
selection of red rot-resistant lines in sugarcane. The ex¬ 
periment also confirms the pathogenicity of the isolated 
toxin to susceptible variety CoC 671 under in vitro 
conditions of growth. The toxin is also being used for 
screening of disease resistance using serological tech¬ 
niques for selection of red rot resistance in sugarcane 
cuitivar. 
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Studies on herbicidal activity of 
parthenin, a constituent of 
Parthenium hysterophorus, towards 
billgoat weed (Ageratum conyzoides) 

Daizy R. Batish, R. K. Kohli, H. P. Singh and 
D. B. Saxena* 

Department of Botany, Panjab University, Chandigarh 160 014, 

India 

"^Division of Agricultural Chemicals, Indian Institute of Agricultural 
Sciences, New Delhi 110 012, India 

Parthenin, a constituent of Parthenium hysteropho¬ 
rus, was evaluated for herbicidal activity against 
Ageratum conyzoides (billgoat weed) under in vitro 
conditions. It inhibited/retarded germination of 
A, conyzoides at concentrations ranging from 0.02 to 
0.1 mg/ml. Radicle elongation and seedling length 
were severely reduced. The germination of wheat, 
however, remained unaffected at similar concentra¬ 
tions. The study, therefore, paves a way for possible 
exploitation of parthenin as a selective herbicide. 

Natural plant products are fast catching attention of 
scientists for their use as herbicides to control weeds\ 
Unlike synthetic herbicides, they do not cause pollution 
and undesired side effects on environment. Sesquiter¬ 
pene lactone parthenin - a constituent of the noxious 
weed Parthenium hysterophorus^'^, has been shown to 
be phytotoxic against some aquatic weeds'^. A work was, 
therefore, initiated to explore its herbicidal activity 
against a terrestrial weed Ageratum conyzoides (billgoat 
weed) commonly found in agricultural fields in north¬ 
western India. 

Parthenin was extracted from healthy, shade-dried 
leaves of Parthenium hysterophorus (collected locally 
from wildly growing stands as per the method of Saxena 


et The parthenin, so obtained, was dissolved in a 
few drops of ethanol and the final volume was made 
with distilled water to get solution ranging from concen¬ 
trations 0.02 to 0.1 mg/ml (in increments of 
0.02 mg/ml). To test the herbicidal property of par¬ 
thenin, seeds of A. conyzoides (collected locally from 
wild stands) and wheat Triticum aestivum var. HD-2329 
(procured from Punjab Agricultural University, Ludhi¬ 
ana, India) were subjected to germination in solutions of 
parthenin. Fifty seeds each of A. conyzoides and wheat 
were dipped in treatment solutions for 16 h. Treatment 
with distilled water served as control. The dipped seeds 
were then placed on the upper surface of Whatman filter 
paper no. 1 in a 12-cm petri plate. Below the filter paper 
a thin cotton pad soaked in the treatment solution was 
placed. The petri plates were incubated at 27°C, 16 h 
photoperiod and 75% relative humidity in a germination 
chamber. The entire experiment was arranged in a ran¬ 
domized block with four replications. The number of 
seeds germinated were counted and radicle length was 
measured after 72 h. After 10 days of treatment, the 
seedling length was measured. Mean values and the 
standard errors of the data were calculated and pre¬ 
sented with respect to control. Besides, values of corre¬ 
lation coefficient between different concentrations and 
parameters were also calculated using polynomial re¬ 
gression analysis. 

The results show that in response to different concen¬ 
trations of parthenin, all the seeds of wheat germinated 
like that of water-treated control, whereas, seeds of A. 
conyzoides responded differently (Table 1). At the con¬ 
centration of 0.02 mg/ml parthenin, the germination of 
A. conyzoides was nearly 50% whereas it was reduced to 
less than 20% at the concentrations ranging from O.04 to 
0.08 mg/ml. None of the seeds, however, could germi¬ 
nate at 0.1 mg/ml parthenin (Table 1). 

Radicle length of A. conyzoides after 72 h was drasti¬ 
cally reduced at all the concentrations of parthenin used 
and was nearly 50% of the control at the lowest concen¬ 
tration, i.e. 0.02 mg/ml. In contrast, a slight stimulation 
in radicle elongation of wheat was observed at this con¬ 
centration (Figure 1). Almost similar trends were ob¬ 
served in case of seedling length (Figure 2). 

Based on these results, a concentration of 0.04 mg/ml 
parthenin is recommended for further studies since at 
this concentration, germination of A. conyzoides was 
reduced by 90% whereas that of wheat remained unaf¬ 
fected. 

From the present study it is clear that sesquiterpene 
lactone parthenin exhibits selective phytotoxicity and 
may, thus, find a potential use in the field of agriculture. 
In fact, a number of natural products such as cineole^ 
l,3,7-trimethylxanthine‘^, ailanthone^, including the ses¬ 
quiterpene lactones such as artemisinin^’^ are fast 
emerging as selective phytotoxins/herbicides. The 
greater biological activity profiles of sesquiterpene 
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Table 1. Germination of A. conyzoides and wheat in response to different concentrations of parthenin {n - 4) 


Concentration 

(mg/ml) 

Germination 

A, conyzoides 

Wheat 

% change from control 

A. conyzoides Wheat 

0 (control) 

43.75a 

50a 

- 

- 

0.02 

22.50b 

50a 

48.57 

- 

0.04 

11.25c 

50a 

74.86 

- 

0.06 

5.00d 

50a 

88.57 

- 

0.08 

4.50d 

50a 

89.94 

_ 

0.1 

0 

50a 

100 

— 


Similar alphabets along a column represent insignificant difference at p - 0.05. 



cient between concentration and radicle length. 


lactones can be attributed to the presence of o.- 
methylene-y-lactone and/or y3-unsubstituted cyclopente- 
none, functionalization, ability to adopt different spatial 
arrangements and greater accessibility of groups for al¬ 
kylations^®. They react with -SH groups of amino acids 
and proteins by non-reversible alkylation of key en¬ 
zymes, thereby modifying their original properties. 

Parthenin is known to possess both a-methylene-y- 
lactone moiety as well as /3-unsubstituted cyclopente- 
none which enhance its reactivity to various biological 
nucleophiles, thus imparting an array of properties to it. 
Its exact mechanism of action is not known but has been 
reported to change the respiratory metabolism^ \ damage 
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Figure 2. Effect of different concentrations of parthenin on % seed¬ 
ling length, r value along each line represents correlation coefficient 
between concentration and seedling length. 


cell membrane'^ and even possesses growth regulatory 
activity comparable to indole-3-acetic acid (lAA) . The 
observed reduction in radicle elongation and seedling 
length in the present study could also be due to the ef¬ 
fect of parthenin on cell elongation as a number of phy¬ 
totoxins/sesquiterpenes are reported to inhibit 
gibbprellin and lAA-induced functions^^ 

From the present results, it could be concluded that 
parthenin possesses herbicidal activity which can be 
exploited but much needs to be done. Simple and easy 
protocols of its extraction and enhancement in its pro¬ 
duction by using biotechnological and tissue culture 
techniques need to be tried. Further, its herbicidal activ- 
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ity can be enhanced by making suitable derivatives since 
it posesses exocyclic methylene double bond of lactone 
ring and a cyclopentenone moiety in its skeleton which 
provide an excellent site for structural modifications*'’. 
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Failure of brown oak (Quercus 
semecarpifolia) to regenerate in 
central Himalaya: A case of 
environmental semisurprise 

S. P. Singh, Y. S. Rawat and S. C. Garkoti 

Department of Botany, D.S.B. Campus, Kumaun University, 

Naini Tal 263 002, India 

The brown oak {Quercus semecarpifolia Sm.), a late 
successional species is the greatest forest-forming 
species above 2400 m altitude in the Himalaya. The 
failure of brown oak to regenerate in central Hima¬ 
laya is a case of environmental semisurprise. Pres¬ 
ence of saplings along roadsides and their absence in 
shaded habitat of forest interior suggest that this oak 
requires not only canopy gaps but also exposed soil 
for regeneration. It seems that in the current chronic 
form of disturbance, gaps formed are too small to 
enable brown oak to establish seedlings, and in large 
gaps grazing/browsing does not allow regeneration to 
progress up to tree size. 

Environmental degradations of global and regional 
scales generally have an element of surpriseV Many of 
the present front-rank problems, such as global warming 
and tropical deforestation were not even mentioned in 
the Stockholm conference on the environment held only 
two and one-half decades ago. Indeed true surprises, by 
definition, are beyond the scope of our research, but the 
likely candidates for semisurprises, that have potential 
to become outsize problems need to be identified at an 
early stage^. There are a few preliminary studies which 
suggest that the failure of regeneration of the brown oak 
(Quercus semecarpifolia), the most extensively distrib¬ 
uted Himalayan oak, to regenerate at a regional scale 
may be regarded as one such likely candidate"^"^. In this 
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article based on population structure of the Himalayan 
brown oak (Quercus semecarpifolia) at a number of 
sites in Garhwal region, we have addressed questions: 
(i) Is this oak failing to regenerate in its forests in all 
sizes of canopy gaps? (ii) What are the factors respon¬ 
sible for its poor regeneration at a regional scale? 

The brown oak, a late successional species is the 
greatest forest-forming species of the entire east-to-west 
arc, above 2400 m altitude in the Himalaya. Much of 
brown oak zone and adjacent alpine meadows have been 
historically under the influence of grazing of migratory 
livestock such as sheep and goats. It is used for fire¬ 
wood, charcoal, fodder and agricultural implements, and 
now in tasar sericulture. 

The forest sites sampled occurred between 2400 and 
3200 m altitude in Akashkamini Catchment (30°28'- 
30°3rN lat. and 79°13'E long.) of Garhwal region of 
Himalaya. The main criterion of site selection was gap 
size because of its importance in regeneration^, how¬ 
ever, the study sites also differed in altitude and distance 
from edge of the forest (Table 1). The forest edge site 
(site 1, Table 1) resulted from road construction about 
30 years ago. Its ground was disturbed due to cuts and 
debris deposits. The site with unbroken canopy (site 2) 
with about 80% crown density (measured with den- 
siometer) represented the forest interior. In the site with 
large canopy gaps (>0.06 ha, Table 1) livestock grazing 
had recently begun, which is why its forbs were from 
both forest as well as meadows. The forest meadow site 
had large (site 5) meadow patches, with domination of 
forbs of alpine meadows, such as Trachydium roylei and 
Potentilla spp. 

At each site, all individuals of brown oak were 
counted in 5-16 randomly distributed 100 m^ circular 
quadrats. Individuals up to 150 cm tall were divided into 
50 cm height classes, and those larger than them were 
divided into 60 cm cbh (circumference at breast height, 
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Tabic 1. Regeneration status in relation to site characters. Values in parentheses indicate number of sample quadrats, 
each of 100 m" area, distributed between 2400 and 3400 m altitudes^*. In first three sites grazing is occasional. ^Meadow 
formation indicates a relatively longer history of livestock grazing that leads to spread of forbs of alpine meadows 


Sites 

Type of 
population 
structure 

Seedlings 

Saplings 

Age of 
youngest 
trees (yr) 

1. Forest edge along roads, old trees with 
canopy at 25 m (ii = 6) 

Transition 
between I and II 

Present 

Present 

>150 

2. Unbroken canopy at low height (about 

15 m) (>80% crown density) (n = 5) 

Type III 

Absent 

Absent 

48 

3. Small gaps (<0.06 ha), at 15-20 m 
canopy height (n - 5) 

Type III 

Absent 

Absent 

70 

4. Large gaps (>0.06 ha) at 15 m canopy 
height within forest {n = 6) 

Type III 

Absent 

Absent 

50 

5. Forest meadows*’ with old trees with 

Type 11 

Present 

Absent 

75 


canopy at about 25 m (n = 8) 


Table 2. A summary of characters of Quercus xemecarpifolia relating to regeneration. Comparison with Q. floribimda (referred to as 
Q. fl.) is given as this oak is its common associate at lower elevations (2400-2600 m) and regenerates well (based on 3, 4, 12, 13 and 

our field observations in the study area) 


Character 

Description 

Ecological implications 

Minimum tree age of seed 
production 

About 50 yr (compared to about 20 yr 
for Q. fl.) 

Poor colonizer, a later successional 
species character. 

Seed fresh weight 

7.5 g, among the heaviest {Q. fl. 3 g) 

Seedlings likely to be adapted to deep shade. 

Duration and time of seed fall 

About a month during July-August (in 

Q. fl.) throughout three months of 
rainy season 

Establishment of seedlings may be 
affected by the delay in 
commencement of monsoon. 

Germination 

10 days of seed viability, viviparous, 
high (95%) seed germination 
capability {Q. fl. similar but has a 
longer viability). 

Germinating seed assured of moisture, 
humidity and warm temperature; but 
seedling establishment of viviparous 
seeds poor. 

Gap size requirement for 
seedling establishment 

A well lit gap with overhead light 
(Q. fl. endures a deeper shade) 

Contrary to the expectation based on 
large seeds. 

Initial growth rate 

Very slow, stem thick (in Q. fl. thick 
but comparatively less) 

Thick stem may survive damages of 
litter and snow fall. 

Ability to coppice 

Exists (but far less than in Q.fl.) 

Coppicing inadequate to replace older 
individuals if they die. 


1.37 m) classes. Percentages in each size classes were 
plotted for each site (based on average of sample quad¬ 
rats) to depict population structure and regeneration 
trend. 

At each site approximate tree age of the lowest cbh 
was estimated based on relationship between age and 
cbh derived from the tables given in ref. 3. That gave an 
approximate estimate of length of time over which the 
brown oak had been failing to regenerate at the study 
sites. The impact of livestock grazing on seedlings was 
measured at the forest meadow site (site 5, Table 1), by 
counting their number periodically during the entire stay 
of graziers on the site (summer and rainy season). 

A short period of seed viability combined with 
vivipary and intolerance of seedlings to shade are the 
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characteristic features of the brown oak (Table 2). A 
short period of seed viability is unlikely to limit its re¬ 
generation, as most of seeds germinate in warm and 
humid environment while still on tree crown (Table 2), 
As the tissues of germinated seeds are no more dormant, 
the viviparous seeds fallen on the ground are not pro¬ 
tected by seed coat. In a normal terrestrial habitat, 
vivipary appears to be disadvantageous also because 
seeds germinated before reaching ground cannot again 
use favourable moisture condition, once they desiccate 
after falling in a dry microsite. 

Of the five types of forest sites sampled, only forest 
edge had both seedlings and saplings, samples with 
large gaps and meadow patches had only seedlings and 
the remaining sites had only individuals of tree size. In 
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Figure 1 . Representation of the size class distribution of Qiieirus 
sernecarpifolki population in Akashkamini catchment (Garhwal Proj¬ 
ect area) for sites 1-5; on the X-axis, classes 1-3 are the height 
classes of seedlings and saplings (1st height class is for seedling 
<50 m tall, 2nd and 3rd height classes are for saplings, 50-100 cm 
and 100-150 cm tall, respectively). Fourth to 8th classes are girth 
classes (girth is circumference of tree at breast height (cbh) or 
1.37 m) for trees (4th girth class = 30-90 cm cbh, 5th = 91- 150 cm 
cbh, 6th = 151-210 cm cbh, 7th = 211-270 cm cbh and 8th 
>270 cm cbh). 


the forest meadow site, only one quadrat around an iso¬ 
lated old tree had seedlings, all below 30 cm height 
Their survival was low due to grazing/browsing and 
trampling of animals. It was observed that during two 
months grazing the mortality of seedlings was about 
75%. 

In none of the sites was the population stable, self- 
maintaining (Type I), characterized by a greater number 
of small individuals than large individuals and a more or 
less constant reduction in individuals from lower to 


higher size class (referred to Type I by Peters^). The 
sampled populations had either structure with peaks and 
troughs in the size class distribution indicating irregular 
seedling establishment (close to Type II), or that with 
many more individuals in higher than in lower size 
classes (Figure 1), indicating failure to regenerate for 
quite some time (Type III). Distribution of Type II is 
common among late secondary species that depend on 
conspicuous canopy gap for regeneration^. The study 
samples showing similarity to Type II population have 
troughs in population distribution caused through lack 
of individuals, specially in small size classes, reflecting 
failure of regeneration that has been continuing for quite 
long time. 

Type III in which individuals are in a limited number 
of size classes, is a characteristic of light-demanding, 
early pioneer species having a pool of dormant seeds in 
soils^. However, when this type is exhibited by a pri¬ 
mary, or late successional species, such as the brown 
oak, it reflects failure to establish seedlings for a long 
time. The above three size class distribution types are of 
a single sequence through which population passes on 
its way to extinction (from Type I to Type III), and the 
populations of brown oak already under such a transi¬ 
tion. 

Relationship between size and age indicates failure of 
brown oak to regenerate for last 6-10 decades. 

Absence of saplings in shaded habitat of forest inte¬ 
rior and their presence along roadsides with disturbed 
ground surface suggest that the brown oak requires not 
only canopy gaps but also exposed soil for regeneration. 
Presumably, well-lit microsites with exposed mineral 
soil, resulting from tree fall and landslides constituted 
natural habitat for regeneration of this oak. However, 
such sites were also preferred by graziers and their 
herds, resulting in expansion of gaps®. 

Though road construction promoted recruitment and 
growth of oak seedling and saplings by disturbing can¬ 
opy and forest floor, it also led to temporary human set¬ 
tlements and to concomitant increase in demand of 
firewood and fodder. This in turn, damaged sapling and 
young trees. 

It seems that in the current chronic form of distur¬ 
bance, gaps formed are too small to enable brown oak to 
establish seedlings, and in large gaps grazing/browsing 
does not allow regeneration to progress to tree size. 

In the chronic form of forest disturbance, common in 
developing countries, only a small fraction of forest 
biomass is removed at given time (e.g., collection of 
leaves and cutting of twigs for fodder and firewood^) 
resulting in a small increment in canopy gaps. By the 
time the creeping harvest of biomass forms a gap suffi¬ 
ciently large for species to regenerate, the gap habitat is 
substantially modified and is very different from that 
resulting from an acute disturbance, such as cutting of a 
whole tree or a forest stand. Modification of habitat may 
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include compaction of soil, replacement of forest herbs 
with grasses of alpine meadows, and consequent in¬ 
crease in root growth, impeding tree seedlings to estab¬ 
lish^^. They may combine (synergism) to cause an 
irreversible decline in regeneration of brown oak. 

The ban on tree cutting clamped about two decades 
ago has, in part also contributed to failure of regenera¬ 
tion of brown oak, as well as of most tree species, ex¬ 
cept the shade-enduring (Querciis floribiinda Lindl."^) by 
restricting formation of gaps of an adequate size. 

The failure of regeneration would not come to public 
notice as long as old trees persist. Reports of failure of 
regeneration of brown oak in three separate areas (viz., 
Naini Tal, Pindari and the present area)^’^^ located more 
than 300 km apart, need to be taken as a serious warn¬ 
ing, warranting action before the problem assumes an 
element of surprise. 
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Primary cell culture from explants of 
heart tissue of Indian major carps 

K. Sushmitha Rao, M. A. Joseph, 

K. M. Shankar and C. V. Mohan 

Fish Pathology Laboratory, Department of Aquaculture, College of 
Fisheries, Mangalore 575 002, India 

Heart tissue of Indian major carps was explanted in 
minimum essential medium supplemented with 15% 
fetal bovine serum. Fibroblast-like cells emerged 
from the explant and formed a monolayer within a 
week. The cell monolayer could he harvested for pas¬ 
sage by either trypsinization or scraping. 

Fish cell lines are indispensable in fish virology besides 
their importance in toxicology, biomedical research, 
biotechnology and many other basic studies^ Most of 
the established fish cell lines are derived from cold 
water fish^’^. Very few cell lines have been developed 
from the tissues of warm water fish cultured in Asia. 

In India, a cell line from the gill tissue of mrigal, 
Cirrhinus mrigala has been developed"^. Primary cell 
cultures from kidney of stinging catfish, Heteropneustes 
fossilis^ and from caudal fin of rohu, Labeo rohita^ have 
also been developed. 

Indian major carp culture has been established on a 
commercial scale in India. The growing carp culture 
industry has suffered due to several incidences of mass 
mortality of carps in culture systems suspected due to 
microbial diseases, particularly of viral etiology^. Be¬ 
sides, mortality due to increased aquatic pollution is 
also on the rise. Hence, there is a need to develop cell 


lines for the major culturable varieties of fish in India. 
This paper describes the development of primary cell 
culture from the heart tissue of the Indian major carps, 
catla {Catla catla), rohu {Labeo rohita) and mrigal 
(Cirrhinus mrigala). 

Major carp fry (5-8 g) were obtained from the State 
Government Fish Farm, Gajanur, Shimoga and reared to 
fingerlings in 25 m^ cement tanks at the fish farm of 
College of Fisheries, Mangalore. The fish were fed daily 
with artificial feed^ The fingerlings (12-15 g) were 
transferred to laboratory and maintained for 5 days in 
aquaria containing tap water treated with KMn 04 
(5 ppm). These fish were then transferred to sterile 
water overnight. They were killed instantly by a hard 
blow on the head, disinfected in calcium hypochlorite 
(500 ppm) for 5 min, washed in sterile water and 
swabbed with 70% ethyl alcohol. The heart was re¬ 
moved aseptically from several fingerlings using sterile 
scissors and forceps and pooled in a vial containing cold 
phosphate buffer saline (PBS). Pooled heart washed 
twice in PBS were squeezed to remove blood cells and 
washed again with PBS. The organ was cut into small 
fragments of approximately 1 mm^ and washed twice at 
1000 rpm in PBS. 

The pellet consisting of small pieces was resuspended 
in 2-3 ml of PBS containing antibiotic-antimycotic 
solution (penicillin, 250 lU/ml; streptomycin, 
0.25 mg/ral and amphotericin B, 0.625,pg/ml Sigma, 
USA) and further washed twice in a sterile petri dish, 
The tissue pieces were transferred to a 25 cm^ tissue 
culture flask (Tarsons, India) and then distributed uni¬ 
formly by flooding with 1 ml PBS supplemented with 
antibiotic-antimycotic solution as above. Excess PBS 
was then pipetted out to the last drop and the tissue 
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Figure 1. Primary culture (three-day-old) from the heart tissue ex¬ 
plant (arrow) of (a) rohu {Labeo rohita)\ (b) catla iCatlci catla)\ (c) 
mrigal (Cirrhinus mrigala), (100 x). 


pieces were incubated in semi-dried condition for 6-7 h 
at room temperature (28 ± 2°C). Minimum essential 
medium (MEM) (Sigma, USA), supplemented with 15% 
fetal bovine serum (FBS) (Sigma, USA) and antibiotic- 



Figure 1, Five-day-old monolayer of cells from the heart tissue 
explant of catla {Catla catla), (100 x). 

antimycotic solution, at dosage already mentioned 
above, was added to the flask and incubated at room 
temperature (28 ± 2°C). After 24 h the medium was re¬ 
placed with 5 ml of fresh MEM supplemented with FBS 
and antibiotic-antimycotic solution and incubated at 
room temperature (28 ± 2°C). The tissue explants were 
observed for growth and formation of monolayer of cells 
using an inverted microscope (Olympus, Japan). 

Within 12-15 h, several types of cells were found 
emerging from the tissue fragments and attached to the 
flask. After 48 h, large, elongated, fibroblast-like cells 
appeared around several explants. The cells were found 
to migrate away from the explant, attach and multiply. 
On the third day, spindle-shaped fibroblast-like cells 
were seen spreading over an area of 1 mm^ around the 
tissue (Figure 1 a-c). These cells multiplied and a good 
monolayer, comprising mostly of fibroblast-like cells 
were obtained within 5 days of tissue explanting (Figure 
2). On the sixth day, growing cells close to the explants 
were found to be rounding off, but the cells away from 
explant were found to be in good shape. It is interesting 
to find that several heart pieces were still twitching in 
the flask. The twitching rate was 60 times/min in the 
beginning which decreased gradually and lasted for 6-7 
days after the explant. 

A monolayer comprising mainly of fibroblast-like 
cells with a sharp and clear outline developed in a 
week's time. These cells were of both dendritic and 
spindle shape with visible cytoplasmic granules. A con¬ 
fluent monolayer was formed in the flask within 8 days 
in the case of catla, 10 days in case of rohu and 20 days 
in case of mrigal. This variation in attaining confluency 
could be due to the difference in explant density and the 
growth rate of the species. In nature, catla is the fastest- 
growing species followed by rohu and mrigal. As such 
there was no difference in cell type from the heart tissue 
explant of the three species. 
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After obtaining the monolayer, cells were passaged to 
new flasks by trypsinization. The old medium was re¬ 
moved and replaced with 1 ml of 0.025% trypsin- 
EDTA. The enzyme activity was arrested by adding 1 ml 
of FBS after a minute. The detached cells along with 
FBS were centrifuged at 1000 rpm for 10 min. The pel¬ 
let was then suspended in MEM by gentle tituration and 
the contents transferred to a tissue culture flask for in¬ 
cubation. Alternatively, the monolayers were also har¬ 
vested by scraping, employing a sterile rubber 
policeman and passaged to a new flask in MEM. 

The trypsinized cells attached to flasks in clumps and 
individually, retaining the original fibroblast-like shape. 
Cells were in good condition for about a week, after 
which they died. The cells that were detached using a 
sterile rubber policeman appeared in clumps and attached 
well in the new flask. These clumps of cells showed growth 
along the periphery. Attachment of cells and monolayer 
formation was better with harvesting by scraping than with 
trypsinization. After harvesting the cells (either by 
scraping or trypsinizing), the few pieces of tissue and 
undetached monolayer in the original flask resumed 
normal cell growth and formed monolayer. Some tissue 
pieces in the original flask showed emerging cells which 
did not spread away from the explant; rather they stayed 
close to the tissue and formed a network. 

In this study, a successful primary culture could be 
obtained using only the synthetic medium (MEM) sup¬ 
plemented with 15% FBS without using muscle extract. 
Homologous fish muscle extract has been used for suc¬ 
cessful development of primary cultures"^’^. 

In general, growth and development of cell monolayer 
from heart tissue explants were good and easy to maintain. 
Besides, heart tissue of Indian major carp was found ideal 
for cell culture, as it is easy to collect aseptically and also it 
is contamination-free compared to other visceral organs. 
Hence, there is scope and prospect for development of 
cell line from heart tissue of carps. Work on the estab¬ 
lishment of heart cell line from the primary cultures and 
its characterization is under progress. 
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Microgravity changes associated with 
continuing seismic activities in Koyna 
area, India 

V. M. Tiwari and D. C. Mishra 

National Geophysical Research Institute, Hyderabad 500 007, India 

High-precision gravity measurements were carried 
out during June-August, 1995 in Koyna area, India, 
which is known for its high intraplate seismic activi¬ 
ties. Daily observations were recorded at four sta¬ 
tions with respect to a reference station to monitor 
the possible gravity changes arising due to crustal 
deformations associated with seismic activities. Sig¬ 
nificant relative gravity changes (15-30 pgal) of al¬ 
most same pattern were observed at different 
stations which is 2-3 times of the observational 
error. A good correlation was noticed between the 
relative change in the gravity field from one station 
to the other and with the occurrences of tremors of 
magnitude 2-3 which are approximately twenty in 
number during this period. In most of the cases (18), 
the relative gravity field first increases and then de¬ 
creases when the seismic events take place. The ob¬ 
served changes in gravity field seem to be associated 
with seismic activities, and may be attributed to mass 
redistribution or seismogenic deformations such as 
opening of the cracks, etc. in processes taking place 
during an earthquake. However, the phenomenon is 
not fully understood and needs more such experi¬ 
ments over longer duration to be conducted in dif¬ 
ferent geological/tectonic settings to understand its 
actual nature and the mechanism. 

Temporal variations in local gravity field over a small 
time period can occur due to deformation of crustal 
rocks in the form of mass re-distribution and change in 
eIevation\ The study of variation in the gravity field due 
to such deformations has been made possible with the 
advent of high precession gravimeters which measure 
the variations in gravity field up to microgal levels. 
Hence, repeat gravity observations using such instru¬ 
ments help to study both aseismic and co-seismic de¬ 
formations and mass redistribution. For example, the 
measure of vertical aseismic deformation in response to 
loading due to La-Grande-2 reservoir, Quebec has been 
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1: BOPOLt, 2;HELWAK, 3:RAS0TI, 4;RISWAD, 4A:SAN6AMN 
5: MARUL (REFERENCE STN.) 

Figure 1. Locations of gravity stations and epicenters of tremors of 
m > 2 during 10 June-16 August. 

Studied using repeat gravity observations^. Variations of 
the gravity field were modelled to correlate the gravity 
change with mass movement due to change in the sea¬ 
sonal groundwater leveP. Systematic gravity measure¬ 
ments in conjunction with other observations made 
before and after the Tangshan Earthquake of 1976, re¬ 
vealed dilatational process in the epicentral area"^. Many 
works revealed the importance of repeat gravity meas¬ 
urements to study the seismogenic deformations'^^-^^. 
Changes in gravity field are reported in some regions of 
seismic activities in India by Arur et al.^^ and Kayal 

The Koyna earthquake {M 62) on 10 December 1967 
had shattered the long-held view that peninsular India 
was seismically stable. This region has attracted atten¬ 
tion due to continued seismic activity since the im¬ 
poundment of Koyna reservoir in 1962 (ref. 13). An 
average of 5 to 10 earthquake of M > 4 and several of 
M >3 are reported to occur every year in this region^"^. 
This area, therefore, provides a natural laboratory to 
study the earthquake processes and their effects on vari¬ 
ous physical parameters. A local digital seismic network 
established in this area, continuously provides the de¬ 
tails of earthquakes occurring in this region. In the pres¬ 
ent work, gravity observations were made at five 
permanent stations, for more than two months. The ob¬ 
jective of this study was to observe changes in the grav¬ 
ity field, if any, and investigate whether the observed 
change is associated with seismic activities. 


The Koyna region is covered with Deccan basalts 
which are considered to be erupted during late Creta¬ 
ceous^^. Since this area is totally covered with trap, the 
underlying geology and tectonics has been a matter of 
wide speculation. A significant geomorphological ob¬ 
servation in this area is the similarity of escarpment 
trends as observed along the continental divide and the 
course of Koyna river (N-S) which turns eastward near 
Koyna (Figure 1). It is suspected that the Koyna river 
itself flows along a fault’After the 1967 Koyna earth¬ 
quake, various geophysical studieswere carried out 
to decipher the major tectonics of this region. The 
Bouguer anomaly map of this area^^ grossly indicates a 
sharp gradient, almost follows Western Ghats (i.e. N-S) 
up to Koyna where it changes to a NNW-SSE trend, 
(trend marked in Figure 1) which is indicative of some 
structural feature. Later Deep Seismic Sounding stud¬ 
ies’^ have delineated a NW-SE basement fault near 
Koyna coinciding with the Bouguer anomaly pattern. 
Based on seismicity trends in this region, Gupta et 
inferred a N-S oriented fault coinciding with 73°45' 
longitude. However from the study of composite 
fault plane solutions of seismic events in this area, Ras- 
togi and Talwani^^ suggested NW-SE and NNE-SSW 
as the* possible strike directions of the siesmogenic 
fault(s). It, therefore, appears that the area might contain 
one or more hidden fault(s) and fractures below the 
trap. 

Based on the empirical relations between magnitude 
of an earthquake and the effective distance over which 
gravity changes are noticeable^*^ and precursor time^'’, 
for M>2 earthquake, five permanent stations (Bopoli, 
Helwak, Rasoti, Sangamnagar, Riswad) (Figure 1), are 
established in the Koyna area. Stations are marked with 
paint on concrete ground in a covered shed away from 
the road, to avoid any undesirable influences on obser¬ 
vations and to be reoccupied to an accuracy of a centi¬ 
meter, The locations of stations were planned such that 
two stations lie on either side of the inferred fault^’ in 
this region. One station (station no. 5) was used as a 
reference station (Figure 1). One of these five stations 
(station no. 4) could not be occupied after twenty days 
because of inaccessibility due to heavy rain and was 
therefore shifted to Sangamnagar (station no. 4A). At a 
station at Bopoli the western side was operated only 
during the last sixteen days due to logistic problems 
(Figure 1). Gravity measurements were made using 
LaCoste Romberg D-type gravimeter (D-116) with 
electronic read out, which gives a dial reading of ap¬ 
proximately 1 pgal. 

The following measures were adopted in order to in¬ 
crease the observational precision. 

- A-B-C-A-B-C survey procedure is followed so 
that every station is occupied twice in a loop in in¬ 
terlocking loop system (Figure 2). 
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A B C 

Figure 2. Schematic diagram of recording gravity stations in loop. 

“ The road distance between stations is chosen almost 
equal, to minimize systematic error due to variable 
driving time. 

- Each point was reoccupied within one hour so that 
even small drift of the instrument can be corrected. 

- During observations the instrument was kept in the 
same direction at a station in order to eliminate any 
directional influence on the observations. 

- The entire profile was completed in 3-4 h, record¬ 
ing at least two readings at every station. 

- The same setting of the gravimeter was used 
throughout the survey to avoid any error arising 
from resetting of the instruments. 

- Readings were taken until three consecutive read¬ 
ings were obtained within 1 dial reading. 

Tidal correction was made using the standard program 
GRAVPACK^'^ to depict non-tidal variation of gravity. 
Drift corrections were made assuming linear drift for 
one hour, which is found quite satisfactory based on 
static drift recorded both in the field and at NGRI, 
Hyderabad. Pressure correction was not applied consid¬ 
ering that it will be of the order of one microgal^^. Fur¬ 
ther, loop error is estimated by taking the average 
difference between stations in a loop and distributed 
over all the stations in a loop. The loop closure errors, 
i.e. A-B + B-C = A-C are usually found to be less than 
3 qgal. This combined with other possible random er¬ 
rors may amount to a maximum of about 5 pgal, which 
is much less than the observed variation of 15 to 
30 p-gal. The expected observational error was obtained 
by conducting a similar experiment in a controlled envi¬ 
ronment at Hyderabad where a random error of 5- 
10 pgal was noticed between daily observations at a 
particular station. It is unlikely, therefore, that the re¬ 
corded variations are related to any observational ran¬ 
dom error as discussed by Torge and Kanngieser^^. 
Finally the means and standard deviations of average 
difference between reference station and stations, after 
applying loop closure error, were computed (Table 1). 
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Table 1. Means and standard deviations of average differences after 
applying loop closure errors 


Station no. 

Mean 

Standard deviation 

(Figure 1) 

(mgal) 

(l^gal) 

1 

0.577 

8.0 

2 

1.2987 

9.0 

3 

0.2807 

6.6 

4 

0.7092 

7.2 

4A 

8.2532 

7.5 


Several models have been proposed to explain the 
temporal variation of the gravity field ' , which are 

basically related to fault dislocations or dilatation of a 
focal body. 

(i) Change in gravity field has been explained accord¬ 
ing to the static fault dislocation model^’^°. Gravity 
change caused due to strike-slip dislocation of rectangu¬ 
lar fault can be collected in Cartesian coordinate system 
as follows: 

gix, y) = aGU[-g sin d/R + cos dlR^R + O) 

-piCl7t){-d^ql[R{R + O)] - 9 sin 6l{R + O) 
-/sind}]ll. (1) 

Chenery notation ‘H’ is used to represent the substitu¬ 
tion. 

/(0, O) II =/(x, p) -/(x, p-w)-f(x- /, p) 

+ f(x-l,p-w), 

where /= (l-2(7)[log (R di) - sin d log (R + 0)] sec d, 
R^ = (9^ + q = y sind - d cos d, d\ ^ sin d - 

q cos d and if cos d = 0, / = - (l-2(j)q/(R + di). 

In these formulae, G is the gravitational constant, V 
the strike-slip component of arbitrary fault dislocation, / 
the half length of the fault, d the depth of the fault, 6 the 
dip angle of the fault, a the density, /? = 0.3086 gal/cm 
free air gradient, a is the Poisson ratio (= 0.25). 

(ii) Ruihao and Zhaozhu*^ have examined the gravity 
change due to stress condition of focal body during 
earthquake cycle based on the dilatancy model. In the 
initial stages, stress accumulation causes increase in 
density which will increase the gravity field. A vertical 
cylinder as focal body in a stress state gives rise to a 
gravity field as: 

g = 2jtaG[l + + r^)][(l -a)(l + 2a)] 

(stress/E). (2) 

If preparation zone is considered along fault, it is 
more appropriate to consider a horizontal cylinder in¬ 
stead of a vertical cylinder. In such a condition, the 
above equation leads to the following expression by 
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Period Days, Tremor Time 


Figure 3. Temporal variation of gravity field from 10 June to 17 August at various stations with reference to station no. 5 (Marul), 
along with occurrences, time of tremors (M > 2) in Koyna area (north of 17°15') and three tremors {M - 3) in Warna area (south of 
17°15’). 


substituting the geometrical factor of horizontal cylin¬ 
der. 

g = 7taG?l{r^ + x^)[l/V{ \+{? + /)/(y + if) 

- \N{ \+{f + xV(y - 0')][(1 - <^)(1 + 2cr)] 
(stress/E), (3) 

where /, r are half of the length and radius of cylinder, o 
is the Poisson ratio, E is the Young’s modulus, j:, y are 
the coordinates of point and a is the density. 

The differences in the gravity field at each of the sta¬ 
tions with respect to the reference station (Marul) are 
computed after accounting for tidal, drift and loop clo¬ 
sure errors. These differences were adjusted to the mean 
value and the representative plot of variations of ad¬ 
justed difference at various stations is shown in Fig¬ 
ure 3. Significant variations in relative gravity field are 
observed (15-30 pgal) which is 2-3 times more than 
expected random (observational) error (5-10 pgal) and 
standard deviations (Table 1). The time of occurrences 
of tremors of M > 2 in Koyna area (i.e., north of 17°15', 
Figure 1) and three tremors oi M ^ in Warna area 
(south of 17°15', Figure 1) (Bulletin are indi¬ 

cated by arrows in Figure 3. It appears from Figure 3 
that relative gravity changes are correlatable from one 
station to the other and with the occurrence of seismic 
activities. These changes in gravity field are approxi¬ 
mately 15-30 pgal. There are approximately twenty 
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seismic events of magnitude 2-3 numbered as A to T in 
Figure 3. Corresponding to most of these seismic events, 
variations in gravity field with some differences in am¬ 
plitude are recorded at different stations as marked in 
Figure 3. There are three plots of daily variation in 
gravity field for almost full period from 10 June to 17 
August 1995 corresponding to stations at Helwak, 
Rasoti and Riswad/Sangamnagar. At Bopoli, the gravity 
observations were made only during August 1995 and 
therefore the gravity variation plot for this station is 
confined only to this period. A close examination of 
these plots (Figure 3) suggests change in gravity field 
correlatable to the seismic tremors marked at the bottom 
of this figure. Accordingly, the changes in the gravity 
field in these plots are also named as A to T correspond¬ 
ing to the seismic events marked using the same nota¬ 
tion. 

The observations plotted in Figure 3 can be broadly 
characterized into three groups (Table 2) which suggests 
that: 

i) All the events (20) are characterized by relative 
change in the gravity field at least at one station. 

ii) Change in gravity field is consistent at all the sta¬ 
tions with occurrence of fourteen events. 

iii) In all the cases, the relative gravity field first in¬ 
creases and then decreases. The seismic events in 18 
cases are associated with the decreasing trend in 
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gravity, and in only two cases, A and F, which are 
not very clear, it has taken place when the field is 
increasing. However this pattern may change if 
there is any change at reference station itself. 

iv) The changes in relative gravity are more significant 
at Helwak and Bopoli compared to Sangamnagar, 
Riswad and Rasoti. This could be because of their 
locations on either side of inferred fault. A similar 
observation has been noticed by Akin et al^^. 

v) There are some cases of change in gravity field at 
some stations (C’ and K') which might be due to 
some other unknown causes. But they are not con¬ 
sistent from one station to the other. 

vi) The amplitude of the variation in the gravity field 
differs considerably from one station to the other 
and is sometimes shifted in time. This might be due 
to the differences in the time of observation and the 
occurrence of seismic tremors or the location of dif¬ 
ferent stations vis-a-vis epicenter of the earthquake. 

If we consider the models where change in gravity 
field is accompanied by a change in elevation (2- 
3 pgal/cm), an elevation change of 8 to 12 cm is re¬ 
quired to explain the observed variations in gravity field 
(15-30 pgal). Frequent changes in elevation of this 
order over a small time period are very unlikely and 
therefore this model cannot satisfactorily explain the 
observed changes in the gravity field. However, changes 
in gravity field do not necessarily follow a unique rela¬ 
tion with a change in elevation^'^’'''^. The other source of 
variation is subsurface mass redistributions. However, it 
is a complicated problem to resolve redistribution of 
mass with microgravity measurements alone in an area 
subjected to both, change in groundwater regime and 
seismogenic deformations. In the present case, order of 
gravity variations is almost the same before and after the 
monsoon. The effect of commencement of monsoon (21 
June) which raised water level in reservoir and ground- 
water level in a well located between station no. 2 and 
station no. 3, has not been noticed in the nature of grav¬ 
ity variations (Figure 3). Further there is no pumping 
well in the vicinity of any station which can appreciably 
change the water table. The study of fluctuation of water 


level is being carried out in various bore wells^^. Obser¬ 
vations of water level change in two wells in this region, 
one located near gravity reference station and the other 
in between station no. 2 and station no. 3 show less than 
10 cm of relative variation (I. Radhakrishna, pers. com- 
mun.). This magnitude of change in water level can pro¬ 
duce a variation of hardly 4 to 5 pgal in gravity field^ 
which is much less compared to the observed variations. 
Moreover, changes in gravity field due to changes in 
water level cannot be same at all the stations which are 
far apart as in the present case. Hence it implies that the 
observed gravity changes may not be related to the 
changes in the water level. Since observed gravity 
changes cannot be explained by either change in eleva¬ 
tion or change in groundwater level, it appears to be 
caused by the redistribution. Subsurface mass at greater 
depth may be arising due to seismic activities. 

In order to find out the possible cause of the gravity 
changes recorded in present case, the two models de¬ 
scribed above are considered. 

Composite fault plane solution of seismic events of 
this area has revealed left lateral vertical strike slip mo¬ 
tion with the strike direction being NNE-SSW^^. To 
model the observed gravity changes in fault dislocation 
model, the fault parameters are chosen based on the 
spread and focal depth of earthquakes in this region. As 
the distance between Koyna and Warna (Figure 1) where 
the epicenter is located is 40 km and maximum reported 
focal depth is 5-10 km, the length and width of pre¬ 
sumed fault are taken as 40 km and 10 km respectively. 
The fault angle is taken as 90 degrees because of their 
nature being vertical strike slip. With these parameters, 
eq. (1) yields strike slip dislocation up to 50 cm for an 
observed variation of 15-30 pgal in the gravity field, 
which does not seem to be feasible. The change which is 
dynamic in nature, therefore, cannot be explained with 
static fault dislocation model. 

The observed variation in the present case which fal¬ 
lows the same pattern as reported for Tangshan Earth¬ 
quake of 1976 (ref. 4) should therefore be explained as 
build up and release of stress causing mass re¬ 
distribution. In the present case almost the same gravity 
change is observed at a station located nearer to the epi 


Table 2. Categorization of events 


Events occurring during 

B, C, D, E, G, H, I, J, K, 

decrease in gravity field 

L, M, N, 0, P, Q, R, S, T. 

Events occurring during 

A, F. 

increase in gravity field 


Unclear signatures/extra 


signatures Helwak: 

D. F, 1. 

Rasoti: 

G/C, K' 

Riswad/ 


Sangam Nagar: 

F, J/K' 
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central area and at the other station away from it. Hence 
a horizontal cylinder model along the inferred fault is 
preferred over the vertical cylinder to explain the 
change in gravity field (~ 25 figal). The following pa¬ 
rameters of the assumed horizontal cylinder along the 
fault are used. Length = 40 km, radius = 10 km, den¬ 
sity = 2.8, Poisson ratio = 0.25, Young’s modu- 
lus = 8xi0^’, stress = 8 X 10^. Although these 
parameters can explain the change in gravity field which 
is almost equal to the observed one, it remains enigmatic 
that such a big area would be involved for M ~ 2 earth¬ 
quakes. These two models do not satisfactorily explain 
the observed changes and thus there is a need to think 
for other possible explanations. 

Groten and Becker^^ have reported changes in the 
gravity field which are not accompanied by any horizon¬ 
tal or vertical position change using G.P.S. measure¬ 
ments and Akin et al?^ also did not find any correlation 
between strain and gravity change in North Anatolian 
Fault Zone (NAFZ) Turkey. A similar situation seems to 
exist in the present case also. The other possibilities to 
explain the change associated with seismic activity 
could be dilatancy and dilatancy recovery"^^. If dilatancy 
in fault zone is manifested as opening of multiple penny¬ 
shaped vertical cracks, it produces a change in the grav¬ 
ity field which is poorly dependent on change in eleva¬ 
tion. This phenomenon can occur in two environments, 
one in a horizontal shear stress regime leading to verti¬ 
cal strike slip faulting and the other in a tensional stress 
regime causing normal faulting^^. As most of the minor 
and major events in this region have strike slip faulting 
with small normal component, a decrease in gravity field 
can be attributed to dilatation which is manifested in the 
form of opening of cracks. The increase can be attrib¬ 
uted to dilatancy recovery. For a better understanding of 
the gravity changes in seismically active region, and its 
application as precursor studies, much more gravity, 
water level and geodetic observations from different 
seismically active regions are required. 
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Indialite from cordierite gneisses of 
Eastern Ghats Mobile Belt, India 

P. V. Ramesh Kumar and K. K. V. S. Raju 

Department of Geology, Andhra University, Visakhapatnam 530 003, 
India 

Indialite, a high temperature hexagonal modification 
of cordierite is reported for the first time associated 
with cordierite-sillimanite-monazite-spinel-quartz 
rock from the high grade metamorphic complexes of 
Eastern Ghats Mobile Belt, Vijayanagaram district, 
Andhra Pradesh. Based on Fe'^^/Mg ratio (33.02), the 
temperature of its crystallization is believed to re¬ 
flect higher temperatures. The mineral is uniaxial 
negative, e = 1.538, o) = 1.542, dichroic (e = Pale blue 
and 0 = Violet blue), having chemical formula 
(Mgi,375F e'^^o.625Mno.053Cao.25o)2.303 (AI3.908F ^^^0.206 

Tio.oio)4.i24 (Si4.i93Alo.807)50i8. These refined unit cell 
values obtained from powder diffraction data are 
ao = 9.790A, Co = 9.353 A, y = 776.31 A^ Z = 2 and 
Z), = 2.522. 

During an investigation of cordierite group of minerals 
from cordierite gneisses at Ayyanna Agraharam (Lat. 
18°10'44"N; Long. 83°22'43"E), deep violet blue pris¬ 
matic crystals (Figure 1 a) associated with cordierite 
were noted from Eastern Ghats Mobile Belt (EGMB) of 
Vijayanagaram district, Andhra Pradesh. Cordierite 
gneisses occur as small lensoidal patches in khondalites 
with quartzites and pegmatitic veins exhibiting E-W and 
ENE-WSW trends. Optically pure, 1-1.5 cm long and 
0.5-0.6 cm wide grains were separated from cordierite 
gneisses using the Frantz isodynamic separator and 
treating the fractions with heavy liquids and finally hand 
picked using a binocular microscope; the grains were 
assumed as 99.99% pure which were confirmed as in¬ 
dialite sensustricto (JCPDS 13-293) through X-ray 
studies. The mineral indialite was found along with 
cordierite, sillimanite, monazite, magnetite-ilmenite, 
spinel, plagioclase and quartz. 

The crystal habit of indialite was found to be pris¬ 
matic parallel to (0110) with distinct basal cleavage. 
They occur as small symmetrical hexagonal grains and 
clusters of spiral-shaped grains. It has a marked deep 
violet blue colour in thin section and is optically nega¬ 
tive. The mineral exhibits dichroism (e = pale blue and 
0 = violet blue). The indices of refraction determined 
were £ = 1.538 and O) = 1.542, with a birefringence of 
0.004. It exhibits interpenetrating twin-like optical 
structure between crossed nicols (Figure 1 b). This is the 
only mineral exhibiting strong to deep violet blue di¬ 
chroism, in contrast to the cordierite. Hence, the mineral 
is distinct in its optical characteristics. The specific 
gravity was determined to be 2.53 g/cc and calculated as 
2.522 from the X-ray data. X-ray powder patterns of 


indialite and associated cordierite were taken on a Phil¬ 
lips X-ray diffraction system PW 1730/PW 1390 with 
generator setting at 35 kV, 30 mA (CuKa radiation 
having a wavelength of 1.54184 A; scan speed fixed at 
0.04°2 0/s; 26 range from 5"^ to 90°) and the data is 



Figure 1. a, Thin section photograph showing crystalloblast indial¬ 
ite (Id) (measuring 1-1.5 cm) in violet blue colour with prismatic 
cleavage associated with cordierite (Cd) and minor magnetite, 
monazite, sillimanite; b. Photomicrograph showing indialite (Id) 
idioblast exhibiting interpenetration twin planes enclosed by cord¬ 
ierite (Cd) grains (under crossed nicols, 20 x); c, Photomicrograph 
showing embayed grains of cordierite (Cd) and monazite (Mz) with 
reaction rim enclosed within the indialite (Id) (under crossed nicols 
40 X). 
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Table 1, X-ray diffraction data of indialite and associated cordierite 



Indialite 





Cordierite 



Present study 


Miyashiro et al? 

dA 

riio 

hkl 

hkl 

dA 

Itio 

dA 

///o 

100 

8.4788 

100 

8.490 

100 

8.5412 

75 

020 

110 

4.9173 

16 

4.914 

18 

6.2701 

2 

111 

102 

4.0984 

38 

4.099 

54 

4.9125 

30 

130 

_ 

_ 

- 

3.476 

18 

4.8571 

12 

200 

112 

3.3882 

37 

3.387 

43 

4.6702 

12 

002 


_ 

- 

3.209 

18 

4.2669 

10 

040 

202 

3.1388 

65 

3.145 

25 

4.0910 

60 

112 

211 

3.0283 

49 

3.040 

54 

3.4012 

73 

132 

_ 


- 

2.651 

21 

3.3715 

60 

202 

212 

2.4617 

24 

- 


3.1514 

41 

042 

220 

2.4404 

6 

- 


3.1310 

100 

222 

302 

2.4110 

2 


- 

3.0461 

39 

151 

004 

2.3382 

8 

2.340 

14 

3.0328 

50 

241 

311 

2.2760 

2 

- 

- 

3.0120 

50 

311 

222 

2.1610 


- 


2.6531 

18 

152 

114 

2.1081 

5 

- 

- 

2.4316 

11 

062 

320 

1.9378 

3 

- 

- 

2.3369 

26 

420 

402 

1.9260 

2 

- 

__ 

2.2930 

4 

171 

313 

1.8747 

8 


- 

2.2354 

4 

243 

412 

1.7190 

2 

- 

- 

2.1124 

12 

440 

224 

1.6549 

14 

1.6940 

11 

2.0491 

21 

224 

420 

1.5971 

2 

_ 


1.9951 

3 

280 

413 

1.580 

3 

- 

- 

1.9259 

4 

442 

404 

1.5694 

2 

- 

- 

1.8945 

8 

314 

006 

1.5581 

3 


_ 

1.8871 

10 

353 

116 

1.4861 

4 

- 


1.8139 

5 

461 

305 

1.4629 

5 

- 

- 

1.6632 

4 

174 






1.5901 

10 

552 



Crystallographic constants 




Crystal system 

Hexagonal 




Orthorhombic 

Space group 

P6/mcc 




Cccm 


ci() (A) 


9.790 


9.812 


9.714 


bu (A) 


- 


- 


17.082 


Co (A) 


9.353 


9.351 


9.340 




776.31 




1549.83 


z 


2 




4 


Optically 


Negative 




Positive 


D gm/cc (measured) 

2.53 




2.64 


Dx (X-ray) 


2.522 




2.651 



£ 

= 1.538 




ny = 1.553 



0) 

=1.542 




2V„ = JT 



given in Table 1. The X-ray pattern shows the indialite 
to be hexagonal with possible space group P6/mcc. The 
refined cell parameters^ were determined as 
ao = 9.790 A. Co = 9.353 A and 7= 776.31 A^ with 
Z = 2. The strongest lines are almost similar to those of 
indialite described by JCPDS and Miyashiro et al.^. In¬ 
dialite is isostructural with beryl with a distortion index 
of zero. Optically pure, separated mineral grains of in¬ 
dialite and associated cordierite were chemically ana¬ 
lysed using X-ray Fluorescence Spectrometer (XRF) 
[VXQ-150 A, Shimadzu (Japan model)] using LiF crys¬ 
tal, Rh target, acceleration voltage of 70 kV and 14 nA 
current. G 2 (USGS) was used as standard. Three pol¬ 


ished rock specimens were also scanned at a number of 
points in the mineral grain (core to rim) to obtain 
analysis using multichannel simultaneous type scanner 
and associated software attached to XRF spectrometer. 
The carbon-coated samples were further checked with 
the aid of a wavelength dispersive spectrometer-X-ray 
counting system (WDS-XRCS) attached to a scanning 
electron microscope (SEM) (JEOL JSM-T 330 A) using 
accelerated voltage of 20 kV at the Department of Geol¬ 
ogy, Andhra University. The results of the complete 
chemical analysis are given in Table 2. The chemical 
formula of indialite calculated on the basis of 18 oxygen 
atoms is: 
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(Mgi.375Fe'^\625Mno.053Cao.25o)2.303 (Al3.908Fe‘^^0.206 

Tio.o]o) 4 .i 24 (Si 4 .i 93 Alo. 807 ) 50 i 8 witli Z = 2. The amount 
brings the analytical total of sample to 99.33% and re¬ 
sults show reasonable stoichiometry. 

Miyashiro and liyama^, Miyashiro et al^ and Meagher 
and Gibbs'* have reported and described the properties 
and existence of indialite from fused sediments of Bo- 
karo coal fields of India. Chemistry indicates that there 
are a series of cation substitutions between Mg—(Fe- 
Mn-Ca) at octahedral site and A1—(Ti-Si) at tetrahedral 
site of the indialite. Substitution of a trivalent or biva¬ 
lent cation for a similar charged cation does not require 
much compensating mechanism. Coupled substitutions 
are feasible because the charge compensations can occur 
in the VIII, VI and IV co-ordinations for elements like 
Mg, Fe, Mn and Al, which with higher ionic sizes can 
easily accommodate Ti in their respective vacant sites. 
Charge compensations in the tetrahedral Al site could 
have occurred via the exchange operation with Ti and 
Fe**'*'^. Schreyer and Scharier^ have recorded high 
Al 203 /Si 02 ratios (more than 0.65) for stable high 
cordierite. The indialite from the study area has shown a 
ratio of 0.95, which is in concurrence with the ratio de¬ 
termined from the reported indialite analysis of Meagher 


Table 2. Chemical analysis and structural formulae of indialite and 
associated cordierite 



Indialite 

Cordierite 


Wt% 

Wt% 

Si02 

39.95 

48.94 

AI 2 O 3 

38.11 

29.45 

Ti02 

0.13 

0.01 

Fe 203 

- 

0.50 

FeO 

9.47* 

9.58 

MgO 

8.79 

10.08 

MnO 

0.60 

0.38 

CaO 

2.22 

0.02 

Na20 

- 

0.31 

K 2 O 

- 

0.01 

P 2 O 5 

0.06 

0.02 

H20* 

- 

0.42 

H 2 O- 

- 

0.27 

Total 

99.33 

Structural formulae on the basis of 18 (0) 

99.99 

Si 

4.193 

4.969 

Al^» 

0.807 

1.031 

Af^ 

3.908 

2.494 

Ti 

0.010 

0.0006 

Fe-"’ 

0.206 

0.038 

Fe-"^ 

0.625 

0.814 

Mg 

1.375 

1.525 

Mn 

0.053 

0.033 

Ca 

0.250 

0.002 

Na 

- 

0.060 

K 

- 

0.001 

P 

0.005 

0.002 


*Total iron as FeO. 


and Gibbs'* [Si 02 = 48.6; AI 2 O 3 = 34.7; total iron as 
FeO = 7.8; MgO = 9.3%]. Schreyer and Yoder^ reported 
that the alumina enrichment in cordierites was due to the 
partial melting of sediments in deep-seated regional 
metamorphic environments where water pressure is no 
longer equal to the total pressure. Calcium present in the 
mineral structure was drawn from the associated peg¬ 
matite which might have partially melted as batch melt¬ 
ing component along with cordierite. Ca ions are 
probably accommodated in the channels parallel to Z in 
the place of alkali and hydroxyl ions (which were origi¬ 
nally present in the source cordierite channels parallel to 
Z) without much disturbance to the structure of indialite. 
Hence, coupled substitutions^ might have occurred con¬ 
veniently. Embayed cordierite grains with partial reac¬ 
tion rims were identified within the indialite crystals 
(Figure 1 c). At places, altered cordierite occur around 
the indialite crystals. These textural evidences suggest 
that the indialite is a modified form of cordierite. Miy- 
ashiro^ obtained the transformation relations from cord¬ 
ierite to the indialite. The temperature of structural 
changes and decomposition become lower with the in¬ 
creasing Fe^'^Mg ratio. According to the experiments of 
Miyashiro^, at 1 atmospheric pressure, the Mg-rich in¬ 
dialite (11.1 ratio) formed at a temperature of 1470°C 
and iron rich varieties (70.3 ratio) formed between 
1200° and 1250°C. The sample of the study area shows 
a ratio of 33.02, clearly suggesting that the mineral 
might have formed at high temperatures. Schreyer and 
Scharier** have given a range of temperatures for the 
formation of Mg-cordierites at 1275°C at 2 kb of Ph 20 
and 970°C at 10 kb Phzo ^tnd has a iiquidus above 
1300°C. The high temperature stability relationship of 
cordierites was assessed by Waters^; Hensen and 
Green*^. Ramesh Kumar** recorded the highest tempera¬ 
ture of 1250°C at 10 kb assessed from the garnet-biotite 
thermometry in cordierite gneisses from the same loca¬ 
tion based on the models proposed by Perchuk and 
Lavrent’yeva*^ and Perchuk et alP respectively for 
thermometry and barometry. Shaw and Arima*'* reported 
>1150°C temperature at 13 kb pressure from adjacent 
parts of the study area location. Cordierite gneisses- 
associated pegmatites appear to be developed from the 
fractional crystallization of granites located 2 km away 
from the study area. This could be responsible for crea¬ 
tion of higher temperature in the region. The indialite 
from the study area might have stabilized at tempera¬ 
tures in excess of 1000°C during the thei'mal metamor¬ 
phism of cordierite gneisses belonging to the khondalite 
group of rocks. 
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Errata 

Effect of supplementary ultraviolet-B 
radiation on young wheat seedlings 

{Curr. ScL, 1997, 72, 400-405) 

Prabhat Kumar Sharma, Rajendra Shetye 
and Saroj Bhonsle 

In the legend for Figure 3 b, ‘Control, ie, 0 day UV-B 

treatment (-)’ should read ‘Control, ie, 0 day 

UV-B treatment (-)’. 


Non indexed citedness 

(Curr, ScL, 1997, 72, 705-707) 

Endre Szava-Kovats 

On page 706, column 1, para 3, Physical Journal should 
read as Physical Review and PHJ should read as PHR, 
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Perfect Form. Don S. Lemons. Princeton 
University Press, 41, William Street, 
Princeton, NJ 08540, USA. 1997. Price: 
$ 19.95. 117 pp. 


If there is a profound lesson that has 
emerged from the study of physics for 
some three hundred-odd years now, it is 
perhaps this: the ‘structure’ of the laws 
governing the physical world is largely 
dictated by symmetry and transformation- 
invariance, while the various laws them¬ 
selves arise, at a fundamental level, from 
extremization or optimization principles - 
almost all of which can be traced back to 
one form of action principle or the other. 
Thus the underlying ‘dynamical’ principle 
in a vast physical regime (ranging from 
non-relativistic Newtonian mechanics to 
relativistic quantum field theory and even 
beyond) appears to be an extremal-action 
principle. While one only begins to appre¬ 
ciate this deep-seated unity fairly late in 
one’s study of physics, it would certainly 
be helpful and instructive to learn of its 
existence at a much earlier date. The book 
under review is an attempt to do just this, 
at the undergraduate level. To quote from 
the preface, ‘Variational principles and 
methods unify much of physics. Their 
study is fascinating and useful and also 
prepares one for more advanced work.’ 

The subtitle of this nice little book is 
‘Variational Principles, Methods and Ap¬ 
plications in Elementary Physics’, and the 
contents justify the subtitle. The subject is 
developed in easy stages via short chapters 
titled ‘Least time’, ‘Calculus of variations’, 
‘Curved light’, ‘Least potential energy’, 
‘Least action’, ‘Hamilton’s principle - 
restricted’, and, fip'»lly, ‘Hamilton’s princi¬ 
ple - extended’. As Lemons states in the 
preface, this approach ‘slowly unfolds the 
subject’. The examples chosen are based 
on elementary physics, and involve ray 
optics, particle trajectories, mechanics, etc. 
Each chapter ends with five to ten prob¬ 
lems that have been chosen with some 
care, again illustrating the application of 
the theory developed up to that point to 
cases of physical interest. Moreover, the 
problems are mostly of the ‘Show that...’ 
kind, so that the student knows what to 
aim at. 

In a topic such as this, in the process of 
telling undergraduates about the deep un¬ 
derlying principles, it would be easy to get 
somewhat lost in philosophizing about 
causality, action at a distance, local versus 
global descriptions, final causes, and so on. 
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Lemons has avoided such temptations 
very wisely, and made brief and matter-of- 
fact comments wherever necessary, e.g. in 
pointing out that Hamilton’s Principle 
encompasses, and (under appropriate con¬ 
ditions) leads to, the principle of least 
action, the principle of least potential 
energy, Newton’s equation of motion, etc. 
Remarks of a general nature are not dwelt 
upon at any unnecessary length. The 
concluding sentences of the main text read, 
‘...Such thinking does bear fruit. General 
relativity and quantum mechanics both 
originated from variational principles.’ 

The inclusion of a short annotated 
bibliography for further reading would 
have enhanced the usefulness of this book. 

V. Balakrishnan 

Department of Physics, 

Indian Institute of Technology, Madras, 
Chennai 600 036, India 


Aging and human longevity. Marie- 
Francoise Schulz-Aellen, Birkhauser Verlag, 
Postfach 133, CH-4010, Basel, Switzer- 
land. 1997. Price: DM 148. 283 pp. 

The book has two parts. Part 1 deals with 
the phenomenon of aging and attempts to 
explain its mechanism at the cellular level. 
In part II, interventions and preventive 
measures to eliminate the handicaps and 
diseases of old age in humans are covered. 
The book focuses on human aging. The 
author gives the life spans of 19 animals, 
but only of two plants. If the longevity of 
plants was to be given, a longer list would 
have been more useful. Furthermore, under 
the life spans of invertebrates, only two 
insects - honey bee and Drosophila, are 
listed. The life span of honey bee has been 
dealt with well. 

Genetic influence on longevity in hu¬ 
mans is sketchy. It is mentioned that the 
sex difference in human longevity is de¬ 
creasing. There is no data to substantiate 
this statement. Likewise, influence of per¬ 
sonality and social status on longevity 
does not have adequate scientific support. 
This may just be due to their better living 
conditions. One would have liked to see 
some information indepth in the section on 
stress as the author works in the field, but 
only hormonal stress has been dealt with 
well. The discussion gives the impression 
that all types of stress lead to hormonal 


changes which influence longevity. Such a 
generalization cannot be made. On p. 35 it 
is mentioned that ‘The hormone/receptor 
complex undergoes a conformational change 
that reveals a site known as the steroid- 
responsive element which binds to specific 
DNA sequences’. Actually a specific se¬ 
quence present in the promoter of a gene is 
the element. A specific domain of the 
receptor protein binds to this element. 

Premature aging such as Werner syn¬ 
drome, progeria, Cocayne syndrome, etc. 
have been covered well with clinical bias. 
This is a useful section as one generally 
does not get such information from books 
on aging. One would have expected an in- 
depth description on Alzheimer’s disease 
as the book focuses on human aging, and 
so much more on its biochemistry has been 
published. 

Chapter 3 deals with human physiol¬ 
ogy. The section on longitudinal studies 
conducted in the National Institute of 
Aging, Baltimore, is useful for the reader. 
However, the remaining part is superficial. 
The causal relationship between melatonin 
and longevity, and loss of biological rhythm 
in old age have been highlighted. Also, the 
deterioration of the immune system, espe¬ 
cially of T cells has been covered ad¬ 
equately. Homeostasis has been dealt with 
only at physiological level. A biochemical 
and molecular explanation of why 
homeostasis deteriorates would have made 
this section more interesting. The section 
on theories of aging is very sketchy. The 
reader will not get a clear understanding of 
what the theories propounded, particularly 
the somatic mutation and error theories. 
There are better sources for such informa¬ 
tion such as C. E. Finch’s Longevity, 
Senescence and the Genome (Chicago Univ, 
Press, 1990) and M. S. Kanungo’s Genes 
and Aging (Cambridge Univ. Press, 1994). 
It is desirable to mention the names of 
those who advanced the theories. Not all 
programmed theories are covered, and 
those mentioned are superficially dealt 
with. 

On intrinsic mechanisms of aging, age- 
1, ced-3 and ced-4 mutants of the free 
living worm, C. elegans, are adequately 
covered, but the more recently discovered 
mutants, dof2 and daf23, by Kenyon et at 
(1993) are conspicuously missing. These 
mutants live twice as long as the wild ones. 
Conversely, in the wild type, the products 
of daf2 and daf 3 accelerate aging, Two 
other mutants, daf id and 18, influence 
longevity. 

Genes involved in programmed cell 
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death (PCD) or apoptosis, ced-3 and ced- 
4, in C elegans, and the role of ced-9 that 
protects cells from PCD have been de¬ 
scribed- Also the homology between ced-9 
and bcl-2 (human B cell lymphoma) has 
been brought out. Mention of PCD in 
insect and frog would have made it more 
interesting. However, the author should 
have mentioned that PCD is necessary for 
formation of a mature organ during the 
developmental stage. Death of cells occur¬ 
ring after adulthood is reached is a random 
process. 

The role of chromosome-1 in aging, and 
the relationship between telomere and 
aging have been covered in a limited 
manner. Mutation/deletion in mitochondria 
in relation to diseases has been covered, 
but a lot of interesting findings of Japanese 
workers are missing. Also, several dis¬ 
eases such as cystic fibrosis, triplet 
nucleotide-related diseases, cancer, etc. are 
described, but they have little relevance to 
aging or longevity per se as they do not 
occur in all individuals of a species. The 
author describes the role of telomere 
briefly while advancing the point that 
telomere shortening could be a conse¬ 
quence of aging, not the cause of aging. 

Of the extrinsic mechanisms that influ¬ 
ence aging and longevity, free radicals have 
been discussed in some detail. In the 
reaction (p.l44) showing generation of 
superoxide and hydroxyl radicals, 
has been wrongly mentioned as oxygen 
peroxide. In the text, however, it is 
mentioned correctly as hydrogen peroxide. 

Part II of the book deals with prolonga¬ 
tion of life. This section is even more 
sketchy and superficial, largely because 
too many topics with less serious scien¬ 
tific data have been covered. Food restric¬ 
tion no doubt has a positive effect on 
longevity of rats and humans, but even 
though this study was conducted by 
Mckay et al over 60 years ago, we still do 
not know the components of the food that 
act at cellular, subcellular, molecular and 
gene levels to prolong longevity. 

The author has tried to include every 
topic possible, whether it has any scien¬ 
tific basis or not, such as vitamins, fats, 
minerals, aspirin, hormones on the one 
hand and social work, sexuality, alcohol 
consumption, plastic surgery, replacement 
of body parts, etc. on the other. The 
scientific merit of the book has been 
severely eroded due to the inclusion of 
several topics in part II. For a single 
author to cover topics from telomere to 
social network in 232 pages is unrealistic. 


So the book has remained superficial and 
sketchy throughout. The author should 
have restricted herself to biological or 
medical aspects to make the book useful. 
The book would be useful for geriatricians, 
in parts, and to general readers, but not for 
graduate students and those interested in 
research on biology and biochemistry of 
aging because the work of several authors 
dealing with biochemical and molecular 
aspects of aging is not discussed and 
certain books that cover these aspects 
indepth are not listed. There are some 
mistakes in editing: In the preface, the last 
but one sentence reads ‘.... even eliminate, 
various of the handicaps....’. It should 
read ‘.... even eliminate the handicaps....’. 
In the legend of Figure 9 (p. 52) is 
mentioned ‘....The evolution of four physi¬ 
ological functions with age’. It should be 
‘evaluation...’. On p. 86 is mentioned ‘ the 
gradual deterioration in the synthesis of 
control mechanisms or damage....’. It is not 
clear what is meant by synthesis of control 
mechanisms. On p. 89, phosphodiesterase 
is spelt wrongly. In the reaction showing 
production of free radicals, on p. 114, 
stoichiometry of the reactants should have 
been maintained. 


M. S. Kanungo 


Department of Zoology, 
Banaras Hindu University, 
Varansi 221 005, India. 


Software review 


Macsyma. Symbolic/numeric/graphical 
mathematics software. (Release 2.2 for 
Windows 3.1 Windows 95AVindows NT.) 
PDEase2D. Software for obtaining 
numerical solutions of partial differential 
equations. (Release 3.0 for Windows 95/ 
Windows NT). 


To begin with a very brief summary: these 
two packages from Macsyma Inc. form 
one of the best (if not the best) software 
products for scientific computations that I 
have so far come across. In terms of the 
range of things it can do, the ease of 
operations, and the speed at which the 
results are obtained, it can more than meet 
the requirements of almost everyone. If 
you want to do any kind of scientific 
computation, and have a pentium class 
computer, you would be well advised to 
go in for Macsyma instead of one (or even 


many) more computer/s. Macysma (with 
PDEase2D and Numkit, the advanced 
numerical analysis package that can further 
enhances the speed and power of these 
two) is capable of doing not only every¬ 
thing that you always wanted to do, but of 
inspiring you to undertake more ambitious 
computations as well. A few weeks with 
it, and you would wonder how you ever 
managed without it. (Of course, most good 
software packages do have their ‘true 
believers’; I can easily imagine others 
using exactly the same expressions about, 
say Matlab or Mathematica.) 

Macsyma is supplied on a CD, 
accompanied by extensive documentation. 
The printed matter consists of a small 
booklet {Introduction to Macsyma), two 
comprehensive books (a system reference 
manual and a tutorial cum user guide) and 
three spiral bound volumes (for PD2Ease, 
scientific notebook interface and scientific 
graphics reference manual). There is also 
the excellent glossy reference card, and 
the usual pamphlet of release notes, which 
also give a step-by-step procedure for 
installation. 

The installation itself is extremely sim¬ 
ple, straightforward and fast. I tried it out 
on a 486/66 mHz/16 mb for Windows 3,1, 
on a Pentium 75 mHz/16 mb for Windows 
3.11 and pentium 133 mHz/32 mb for 
Windows 95 as well as WindowsNT 4.0, 
and it took much less than 10 minutes 
even on the slowest of the machines. 
However, when one begins to use the 
software, there is a noticeable delay during 
loading. The windows 3.1 and 3.11 
versions of Macsyma took more time to 
load than what the machine took for 
booting! 

One of the best features of the design of 
Macsyma is the ease of use. You can start 
using it (even its advanced features) liter¬ 
ally within minutes of installing it, even if 
you have had no previous experience with 
it (or its equivalents). Firstly, there is a 
very readable introduction in the docu¬ 
mentation. Secondly, there is extensive on¬ 
line help. In fact, the menu-driven, natural- 
language query is a powerful and innova¬ 
tive interface; you can pose a question in 
ordinary English, and in response, you are 
taken to the appropriate section of the on¬ 
line manual. Thirdly, Macsyma (and 
PD2Ease) comes with dozens of demon¬ 
stration scripts/examples; just looking at a 
few of them would be enough for you to 
be able to begin using these packages 
directly for solving the problems at hand. 

What are the things that Macsyma can 
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do for you? On the symbolic manipula¬ 
tion front, it can evaluate algebraic expres¬ 
sions, of surprising degree of complexity. 
You can, for example, give it a complicated 
product of expression of polynomials in x, 
trigonometric expressions in y and 
exponentials in z, with coefficients a,b,c, 
etc. and it will faultlessly expand the 
expressions. Moreover, it can convert it 
into FORTRAN or C code, if you so 
desire. It can symbolically evaluate de¬ 
rivatives and integrals, and even solve 
differential equations. 

The numerical analysis capabilities are 
equally formidable, with matrix operations, 
solution of nonlinear equations, and provi¬ 
sion for arbitrary precision arithmetic 
being some of the highlights. The PD2Ease 
is particularly awesome in this regard. One 
has just to see any of the dozens of 
demonstration problems, covering a diver¬ 
sity of topics ranging from reaction- 
diffusion equations to quantum mechanics 
to flow past aerofoils to financial analysis 
to believe it. The task of the engineer or 
scientist, who wishes to model a particu¬ 
lar scenario, would now be restricted to 
correctly formulating the set of partial 
differential equations, and supplying the 
parameters and the boundary conditions; 
PD2Ease does the rest. 

The most spectacular aspect of the 
package, however, is the graphics. In fact, 
it has the potential to revolutionize the 
teaching of applied mathematics. The 
single-line commands of Macsyma are 
powerful enough to generate highly 


complex curves and surfaces. The paramet¬ 
ric plotting facility is particularly useful in 
this regard. Even more attractive is the 
ability to generate animation. Here, too, 
even with a single-line expression one can 
very easily demonstrate for example, the 
vibrations of a surface. With a little 
imagination, it would be easy (and worth¬ 
while) to build fairly advanced courses 
(say on population dynamics, or vibra¬ 
tional spectroscopy) using Macsyma. 

A product of this level of complexity 
is not expected to be totally free of 
idiosyncrasies. There are a few glitches in 
the demonstrations supplied with the 
package. The example of a surface fails to 
show the surface in one instance, and the 
torus and sphere described in the text are 
invisible in another. The screen size and 
the control of successive steps differs to 
some extent in the Windows 3.1, 3.11, 95 
and NT installations. The windows 3.1 
fails to export a picture to a .bmp file 
(but 3.11 does not!), and the colours of a 
picture saved using the clipboard get 
mysteriously transformed when viewed 
again with another software. The manual 
does give a very sound advice when it 
encourages the users to check their results 
using inverse operations (e.g. differentia¬ 
tion to be followed by integration)! 

Macsyma has (well, these days who 
doesn’t?) a presence on the World Wide 
Web (http://www.macsyma.com). The 
company’s home page contains a lot of 
useful information. The price of these 
packages, as quoted there were $349 for 


Macsyma and $999 for PD2Ease; with 
site licences and volume discounts, it is 
likely that they would be less expensive. 
The site also announces free demonstration 
copies. Once you see the facilities of 
Macsyma, there is a very good chance 
that you would be justifiably tempted to 
buy it. 

Not having used comparable versions 
of the other competing products such 
as Mathematica, Derive, Maple or Matlab, 
it is not possible for me to give any 
authoritative opinion on which one of 
them would be the best (and most cost- 
effective) package to use. Moreover, with 
the increasing availability of the powerful 
and free/inexpensive software (GNU, Linux 
and the like), it is probably possible to do 
many of the things which Macsyma does 
at a very small fraction of the cost. 
However, to have all these facilities in a 
single, powerful, well-documented, easy- 
to-use, continuously improving, and 
internet-supported package is something 
which is strongly in favour of Macsyma. 
There is no doubt whatsoever that a 
practising scientist/engineer, who needs to 
carry out scientific computations, would 
find that use of Macsyma leads to a 
substantial enhancement in productivity 
in research, development and teaching. 

N. V. JosHi 

Centre for Ecological Sciences, 

Indian Institute of Science, 

Bangalore 560 012, India 


Edited and published by Prof. P. Balaram and Prof. S. Ramaseshan, Current Science Association, Bangalore 560 080. 
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INDIAN SCIENCE CONGRESS ASSOCIATION 

YOUNG SCIENTISTS AWARD PROGRAMME 

To encourage Young Scientists, the Indian Science Congress Association under its 
above programme introduced a number of awards in January 1981. Each award carries 
a cash amount of Rs 1000/-, a certificate of merit and Rs 2500/- as incidental for 
carrying out further research work by the awardee. 

1) Only members of the Association are eligible for consideration for the award. The 
upper age limit of the candidates for the award is 32 years (as on 31 December 
1996). 

2) Biodata, inciuding fuli name and address aiong with the date of birth (duly 
supported by attested copy of the certificate), membership status and number, 
research experience, (in case of joint authorship, the candidate has to be 
acknowledged by the other author(s) in terms of a certificate as having made the 
major contribution) and certification that the work has been carried out in India and 
has not been submitted for any award, should be appended to the complete paper. 

3) Three copies of fuil papers along with their abstracts in triplicate (not exceeding 
100 words) have to reach the office of the General Secretary (Head Quarters), 
Indian Science Congress Association, 14, Dr Biresh Guha Street, Calcutta 
700 017, not later than 30 September 1997. At the top of each copy of the paper 
and its abstract, the name of the Section where the paper is to be presented, 
should be indicated. 

4) Full papers will be assessed for their content and at most 10 Young Scientists in 
each section wiil be invited to make oral presentation of their papers during the 
Science Congress Session. The first six will be provided admissible travelling and 
daily allowances by the ISCA (maximum of first class train fare by convenient 
shortest route to and from residence/institute to venue and DA as per ISCA rules), 
while the remaining four at the most wiil be provided with local hospitality only. 

5) The final selection for the Awards will be done by a duly-constituted committee and 
will be announced on the last day of the Congress. 
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JADAVPUR UNIVERSITY 

Calcutta 700 032 


Applications in plain paper are invited for the post given below for the BARC-sponsored project on ‘Heat 
Transfer Studies in electro-chemical Fluorine Cell’ under Prof. D. N. Ghosh, Chemical Engineering 
Department, Jadavpur University. 


1. One J.R.F. Qualification: Bachelor’s degree in Chemical Engineering. 


Fellowship: Rs 2500/- p.m. 


This post is purely temporary. The initial appointment will be for six months and may be extended if found 
satisfactory till the end of the project. 

The application must contain complete biodata and be accompanied by attested xerox copies of 
certificates of all examinations passed and other credentials. Complete application must reach Prof. D. N. 
Ghosh, Chemical Engineering Department, Jadavpur University (by hand/post) within 15 days from the 
date of publication of the advertisement. 



INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 


Indian Institute of Science invites applications for FACULTY POSITIONS at the level of ASSISTANT 
PROFESSOR in the Department of Instrumentation from Indian citizens having (i) a First class Bachelor’s 
degree in Engineering/Technology (ii) Ph D with specialization in Process Instrumentation and Control/ 
Mechatronics/Transducer and Sensor Technology/Intelligent Instrumentation/Biomedical Instrumentation/ 
Digital Electronics for Measurement (iii) about 3 years of post-doctoral research experience (relaxable in 
exceptional cases) and (iv) outstanding research record. Applicants must be able to pursue an 
independent programme of original Research and Development with commitment for teaching and 
achieving academic excellence. 

Emoluments: Rs 12,020/- p.m. at the minimum of the scale Rs 3700-125-4950-150-5700. 

Applicants may send curriculum vitae, plan of future research work, list of publications, important reprints, 
names of at least three referees with their full addresses including fax and e-mail address to Prof. S. V, 
Subramanyam, Chairman, Division of Mathematical and Physical Sciences, Indian Institute of 
Science, Bangalore 560 012 on or before 31 October 1997. Referees may be requested to forward their 
assessment directly to Prof. S. V. Subramanyam (e-mail: dcphy@admin.iisc.ernet.in Or fax: 091-080- 
3341683, 3340416). Candidates are welcome to visit the home page: URL http://isu.iisc.ernet.in and 
contact the Chairman of the Department of Instrumentation for further information. 


R(IA)308-8/97 
4 August 1997 


REGISTRAR 
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INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 


Applications are invited from Indian nationals preferably below the age of 35 years for FACULTY 
POSITIONS at the level of ASSISTANT PROFESSOR in the Department of Microbiology and Cell Biology. 
The candidates should have (i) Ph D degree and (ii) three years (relaxable in exceptional cases) of post¬ 
doctoral experience in the broad areas of Gene Expression in Eukaryotic and Prokaryotic Systems, 
Genetic and Infectious Diseases, Molecular and Genetic Aspects of Pattern Formation, Molecular Virology, 
Plant Molecular Biology and Biotechnology. The selected candidates are expected to develop and 
maintain independent research in the concerned area and contribute to the teaching programme. 
Individual and institutional collaborative research is encouraged. Small start up funds could be provided. 
The total emoluments at the minimum of the scale of Rs 3700-125-4950-150-5700 (likely to be revised) 
are around Rs 1,32,000/- per annum. Candidates are requested to send their curriculum vitae with a list 
of publications, important reprints, a short description of the research activity they would like to pursue if 
selected and names of at least three referees with their addresses including fax and e-mail address to 
Prof. M. Vijayan, Chairman, Division of Biological Sciences, indian institute of Science, Bangalore 
560 012 within 2 months of appearance of this advertisement. The referees may be requested to send 
their assessment directly to Prof. Vijayan (e-mail: dcbio@admin.iisc.ernet.in or Fax: +91-80-3340416). 
For further information please contact Prof. K. P. Gopinathan, Chairman, Department of Microbiology and 
Cell Biology (e-mail: kpg@mcbl.iisc.emet.in. Fax: +91-80-3341683/3444697, Tel. +91-80-3092410/ 
3092413). 

R(IA)308-17/97 

5 August 1997 REGISTRAR 



INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 


Applications are invited from Indian nationals preferably below the age of 35 years for FACULTY 
POSITIONS at the level of ASSISTANT PROFESSOR in the Supercomputer Education and Research 
Centre. The selected candidates are expected to take part in the general activities of the Centre, and 
develop and maintain research in one or more of the following areas: Supercomputing for large-scale 
application. High Speed Networking, Software Engineering with special reference to software design 
methodologies. Trusted Computer Systems, Multimedia Technologies and Distributed Operating Systems. 
The candidates should have (i) Ph D degree and (ii) three years (relaxable in exceptional cases) of post¬ 
doctoral experience. Small start-up funds could be provided. The total emoluments at the minimum of the 
scale of Rs 3700-125-4950-150-5700 (likely to be revised upwardly soon) are around Rs 1,32,000/- per 
annum. Candidates are requested to send their curriculum vitae, with a list of publications, important 
reprints, a short description of the proposed research programme and names of at least three referees 
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Kala-azar in Varanasi 

Kala-azar or leishmaniasis is a 
disease still prevalent in parts of 
India, with Bihar being a focal 
point. Epidemiological surveys 
fulfill the crucial task of identify¬ 
ing disease pockets and help in 
firmly establishing the extent of 
spread of infection. Quite often, 
clinical reports from far-flung dis¬ 
tricts are not collated and despite 
the best of intentions, many statis¬ 
tics of disease prevalence are based 
on rather limited epidemiological 
data. The logistics of any compre¬ 
hensive survey can be formidable, 
a fact often not appreciated widely. 
Diagnosis is a key element in 
collecting disease statistics. In the 
case of visceral leishmaniasis, there 
are a few options; microscopic 
detection of parasites in lymph 
node smear, bone marrow or splenic 
aspiration, culturing of parasites 
from patient material or serologi¬ 
cal tests for anti-parasite antibod¬ 
ies. Polymerase chain raction 
(PCR)-based diagnostics are avail¬ 
able but are of limited field utility. 
Of the many methods, serological 
tests of blood samples are the 
easiest and one such procedure is 
the direct agglutination test (DAT). 

Gupta et al. (page 456) use 
DAT to carry out a survey of the 
Varanasi district, following reports 
of sporadic cases of kala-azar in 
several areas of eastern UP. Their 
results, if substantiated are a cause 
for concern. In the limited popula¬ 
tion samples tested, a prevalence 


rate of 27% is estimated by the 
authors. As in many other diseases 
a positive serological response is 
no indication that disease progres¬ 
sion will follow. Nevertheless, ex¬ 
posure to the infectious agent is 
widespread. Interestingly the DAT 
test yielded a positive response in 
ten asymptomatic subjects, who, 
on follow up a few months later, 
showed the development of full 
blown disease. Women appeared 
more susceptible in this study 
although as in many such surveys 
statistical significance remains a 
matter of concern. Indian public 
health authorities would be wise to 
ponder on the results reported by 
Gupta et al. Maybe the eradication 
of leishmaniasis is an achievable 
goal for the future. 

Phosphatases and signalling 

Signalling and communication at a 
molecular level are key elements 
in biology. Cells communicate with 
one another via chemical transmit¬ 
ters; hormones being the most 
widely appreciated example. Rec¬ 
ognition of chemical signals is 
most often achieved by specific 
molecular recognition processes 
involving cell surface receptors, 
which are usually large proteins 
imbedded in the surface membrane 
that defines the cell boundary. The 
process by which binding of an 
effector molecule to a surface 
receptor results in an alteration in 
biochemical activity of a cell is a 


subject of intense scientific study. 
Signal transduction is one of the 
glamorous areas of cell and mo¬ 
lecular biology today. The most 
common chemical step in transmit¬ 
ting information from the cell 
exterior to the interior appears to 
be the act of phosphorylation, an 
enzymatic process in which a 
‘kinase’ transfers a phosphoryl 
group to a suitable acceptor amino 
acid residue on a target protein. 
Among the best studied are protein 
tyrosine kinases. If the process of 
phosphorylation is to act as a 
switch then there must be a proc¬ 
ess of dephosphorylation. Sure 
enough, the enzymes, tyrosine 
phosphatases, have been found. 
The kinases and phosphatases act¬ 
ing in tandem then control cellular 
events which depend on the phos¬ 
phorylation state of specific tar¬ 
gets. 

Radha and Swamp (page 418) 
review a currently active field - 
the role of nuclear protein tyrosine 
phosphatases in control of cell 
proliferation. 

The kinases and phosphatases 
are important not only in modulat¬ 
ing responses of cells to changes in 
the external milieu, they are also 
critical in regulating important 
nuclear events like cell division 
and transcription factor activity. 
Protein tyrosine phosphatases 
appear important in understanding 
cancer, stimulating a burst of 
activity in this area. 

P. B alar am 
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CORRESPONDENCE 


Medical research in India 


Though greatly disturbed by the conclu¬ 
sions, the article ‘How relevant is medical 
research done in India?’ {Curr. ScL, 1977, 
72, 912-922), I must say that it came 
as a strong affirmation of what many of 
us have lamented over in the last few 
decades, 

I would like to offer some of my 
viewpoints on the possible causes of the 
problem evoked and so forcefully deli¬ 
vered in Arunachalam’s paper. The 
malaise is akin to what is going on in 
all walks of public life in India. Quality 
and merit have been long ago sacrificed 
at the altar of political expediency and 
what we are seeing is the result of 50 
years of reverse evolution — survival of 
the lowest common denominator. It is no 
surprise then, that the soil can only grow 
this very poor crop and that Indian medi¬ 
cal publishing is of the ‘subsistence farm¬ 
ing’ variety. 

A large part of the poverty in medical 
publishing in India arises from a lack ot 
a publishing and research culture in Indian 
medical schools and institutions of higher 
learning. Medical trainees have yirtually 
no exposure to the basics of scientific 
methodology, study design and biostatis¬ 
tics. Almost all their publishing exposure 
is to mindless articles of the ‘show and 
tell variety’. Indeed, a quick scan of the 
journals published by large Indian medical 
societies reveals the problem in startling 
detail: virtually none of the publishing 
in clinical medicine is of the prospective, 
randomized, controlled trial variety. 
Almost all are retrospective, seriously 
flawed analyses of poorly collected data. 
The problem is compounded with each 


passing decade of teachers who have less 
and less knowledge of scientific metho¬ 
dology; ergo, students come out with the 
impression that ‘experience’-personal, 
unverified and untested-is the preferred 
method of advancement of knowledge. It 
takes enormous effort and heartbreak to 
convince these young minds, bright as 
they are, that the rules of the game are 
different. Entropy wins and over the years 
medical publishing has reached the current 
status that has been so well demonstrated 
in the paper. When there is so little 
medical publishing in India-good or 
bad-there is even less exposure of the 
young to the proper techniques and joys 
of scientific research. 

The greater tragedy of Indian publish¬ 
ing lies in the opportunities missed. As 
pointed out, there is very little published 
that is relevant to the healthcare problems 
of an Indian. We have not even the barest 
data on the epidemiology of diseases that 
are common in India. Much of Indian 
medical allopathic practice is based on 
Western data when it is patently obvious 
that there are very many major cultural 
and ethnic differences between Indians 
and Caucasians. For want of anything 
else, such of us who believe in proof 
before submitting our patients to an 
intervention, have to go by the opinions 
of those who never intended their con¬ 
clusions to be implemented by us. 

Like all else in Indian public life, the 
present scenario seems depressingly 
bad. Lone voices, for all their dynamism 
and personal record, have been drowned 
out by the cacophony of the Indian 
doctor-politician, a subspecies of the 


professional-politician genus that floods 
our current workscene. 

Arjun Rajagopalan 

Sunclaram Medical Foundation, 

Shanthi Colony, 

IV Avenue, Annanagar, 

Chennai 600 004, India 


Subbiah Arunachalam’s article in the 25 
June issue is interesting and revealing. 
However, an important subject like 
nutrition is conspicuously not mentioned. 
Malnutrition is a major cause of morbidity 
and mortality in the developing countries, 
and yet while listing out the disciplines 
as well as journals, the subject of nutrition 
has been omitted. This is particularly 
surprising since the author works in an 
institution which is grappling with prob¬ 
lems of food and nutrition and very much 
aware of their importance. Nutrition is 
not a baby of only agricultural scientists 
and nutritionists. Medical professionals 
have to take it more seriously. Nutrition 
research is not receiving adequate atten¬ 
tion and support in India and this is not 
because all that needs to be known in 
this subject is already known as some 
biologists think and want others to 
believe. 

Mahtab S. Bamji 

211, Sri Datta Sai Apts, 

RTC Cross Road, 

Hyderabad 500 020, India 
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CORRESPONDENCE 


Inverted metamorphism 


I have read the article ‘Toward a solution 
for the Himalayan puzzle: Mechanism of 
inverted metamorphism constrained by the 
Siwalik sedimentaiy record’ by Sorkhabi 
and Arita*. They have, on the basis of 
heavy mineral data of the Siwalik rocks, 
concluded that the metamorphic inversion 
is apparent and the result of differential 
uplift related to thrusting and shearing. 
They also concluded that structural dis¬ 
ruption is post-metamorphic. 

They have wrongly assumed that struc¬ 
tural disruption is post-metamorphic 
because it was demonstrated by various 
workers that metamorphism is synkine- 
matic with thrusting and deformation. This 
synkinematic inversion of the metamor¬ 
phic zones poses the big puzzle. 

Though inverted isograds are reported 
from many regions, these have not been 
studied critically. Specially, the dip of 
isograd surfaces have riot been deter¬ 
mined. Also most of the workers took 
isograds to be isothermals, which is 
entirely wrong. Bhattacharyya and Das^’^ 
derived a simple equation relating dip of 
isograd, dip of isotherm, temperature gra¬ 
dient and A 7/A P of the reaction across 
the isograd. They measured dip of isograd 
at Buxa Duars and Gangtok in the Eastern 
Himalayas. At Buxa Duars, biotite grade 
rocks overlie chlorite grade rocks, dip of 
the isograd being 60° towards north. At 
Gangtok, staurolite grade rocks overlie 
garnet grade rocks which again overlie 
biotite grade rocks, dip of the isograd is 
20° towards N70E. In both cases meta¬ 
morphism is synkinematic. Inversion is 
real and not apparent. With the given 
value of A 7/A P of the reactions across 
the isograds, it was shown that at Buxa 
Duars with a horizontal temperature gra¬ 
dient of 18°C/km and at Gangtok with 
a inverted temperature gradient (whose 
value could not be determined), the meta¬ 
morphic inversions were generated. 

It may be noted that from the equation 
mentioned above, it was also derived that 
inverted metamorphism would occur even 
if the temperature gradient is downwardly 
directed, as it is normally the case, where 
isograds dip opposite the isotherm; in 
this case the value of the temperature 
gradient is most critical. 

I do not think Sorkhabi and Arita are 
on firm grounds to explain metamorphic 
inversions in the Himalayas. 


1. Sorkhabi, R. B. and Arita, K., Curr. ScL, 
1997, 72, 862-873. 

2. Bhattacharyya, D. S., Tectonophysics, 1981, 
73, 385-395. 

3. Bhattacharyya, D. S. and Das, K. K., J, 
GeoL, 1983, 91, 98-102. 


Deb Sankar Bhattacharyya 

B15/2, Kalindi Housing Estate, 

Calcutta 700 089, India 


Response: 

We thank Dr Bhattacharyya for his 
attention to our paper. We regret to say 
that he does not seem to appreciate the 
significance and novelty of the approach 
we adopted in our paper, i.e. to use the 
denudation record of the Himalayan meta¬ 
morphic rocks in the Siwalik molasse to 
constrain the models proposed to explain 
the inverted metamorphism in the Hima¬ 
laya. It is necessary to employ various 
approaches to tackle the puzzle of the 
Himalayan inverted metamorphism. 

Much of Bhattacharyya’s comment does 
not directly evaluate, refute or reinterpret 
the sedimentary evidence we discussed 
in our paper, but rather introduces the 
works he and his colleague have published 
on a numerical analysis of the Himalayan 
metamorphic zonation. 

He points out that the inverted meta¬ 
morphism in the Himalaya is ‘real’, not 
‘apparent’, and criticizes us for saying 
that the inverted metamorphism is 
‘apparent’. We think that this point arises 
from a misreading of our paper. Of course, 
we agree that there is a real inversion 
of metamorphic zones in the Himalaya 
and the very purpose of our paper was 
to constrain models for the Himalayan 
inverted metamorphism. What we said 
was that thermal causes of inverted meta- 
morphism would produce a ‘genetic’ 
inverted metamorphism, which is the ‘pri¬ 
mary pattern’ in the rocks. On the other 
hand, post-metamorphic structural disrup¬ 
tion of metamorphic zones would produce 
an ‘apparent’ inverted metamorphism. 
Then we argued that structural models 
(more probably, imbricate thrusting and 
distributed ductile shearing) for disruption 


of metamorphic zones are consistent with 
the sedimentary evidence in the Siwaliks 
because metamorphic index minerals seem 
to have been uplifted and eroded succes¬ 
sively through time; i.e. the higher-grade 
rocks have been deposited more recently 
due to differential uplift and exhumation. 

He draws our attention to the north- 
dipping of the metamorphic isograds and 
the piling of the biotite zone over the 
chlorite zone, and ‘so on. This is one of 
the best established facts about the meta¬ 
morphic rocks in the Main Central Thrust 
(MCT) Zone and the Higher Himalaya 
that the rock fabric shows a consistent 
north-dipping sense of motion in the dip 
direction of the MCT and its various 
splay thrusts and shear structures within 
the Higher Himalayan Crystalline Com¬ 
plex (HHC). This fact itself supports our 
notion that the apparent inversion of meta¬ 
morphic zones is the result of thrusting 
and shearing - hence the north-dipping of 
the isograds. It should also be noted that 
imbricate thrusting and ductile shear struc¬ 
tures within the HHC have been mapped 
by several workers (which we referenced 
in our paper), and we call on structural 
geologists to pay more attention to internal 
deformational structures in the Higher 
Himalaya rather than limiting the struc¬ 
tural setup of the Himalaya to a few 
clear-cut thrusts such as the MCT. 

Precise kinematic and temporal relations 
between metamorphic events and deforma¬ 
tional structures are little constrained in the 
Himalaya. It is well known that the meta¬ 
morphism in the HHC is a Tertiary phe¬ 
nomenon and a product of the India-Asia 
coUisional tectonics. However, there is no 
reason to believe that the Himalayan meta¬ 
morphism and the inversion of metamorphic 
sequence took place at the same time, and 
are genetically related (i.e., thermal causes 
for the inverted metamorphism). 

While we never claimed that our paper 
definitely solved the Himalayan puzzle of 
inverted metamorphism once for all, we 
still consider our interpretation as valid. 

Rasoul Sorkhabi 
Kazunori Arita 

Department of Earth and Planetary Sciences, 
Graduate School of Science, 

Kita 10 Nishi 8, Hokkaido University, 
Sapporo 060, Japan 
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RESEARCH NEWS 


A recombinant malaria vaccine based on a sporozoite surface antigen 


V S. Chauhan 

Resistance of the human malaria parasite 
R falciparum to common anti-malarial 
therapy, and to its mosquito vector to 
insecticides has resulted in an alarming 
resurgence of malaria in most tropical 
countries. More than 500 million are 
infected annually resulting in about 3 
million deaths, mostly due to R falciparum 
infection. A malaria vaccine will be of 
immense value in combating this dreaded 
disease and therefore malaria vaccine re¬ 
search offers a field of immense scientific 
challenge. Given the complexity of the 
parasite and the resulting immune response 
in the host, the field offers a subject of 
cutting edge fundamental and applied re¬ 
search. Malaria vaccine research has tradi¬ 
tionally been in the forefront in the 
development of new technologies applica¬ 
ble to human health. It is of no surprise 
that the world’s first recombinant vaccine 
produced in bacteria^ and the first syn¬ 
thetic peptide vaccine^ that was tested in 
human were malaria vaccines. Use of the 
genetically-modified viral vectors for deliv¬ 
ery and the use of plasmid DNA vectors 
have already been attempted in malaria 
vaccine development. Further, there have 
been more than a dozen trials in humans 
with different constructs. 

In this backdrop of vigorous research 
activity, an often-asked question is, why is 
there not even a partially effective malaria 
vaccine? The answer may lie partly in the 
complex nature of the problem itself, but 
partly also in the way that malaria vaccine 
research has been conducted, simultaneously 
on several fronts, often employing different 
vaccine antigens from different stages, and 
using different research strategies. 

The circumsporozoite protein, ex¬ 
pressed of the surface of sporozoites and 
intrahepatocytic stages, was one of the 
first malaria antigens to be characterized 
and its role in protective immunity demon¬ 
strated in rodent malaria models. Different 
constructs based on the CS protein, pro¬ 
duced by chemical synthesis^ or by 
recombinant DNA methods^ have been 
prepared and tested for their potential as 
vaccines against malaria. Following the 
protection observed in animals with some 
of the above constructs, limited human 
trials were conducted. In one of these trials 
the vaccine used was a synthetic peptide 
containing three repeat units of a 
tetrapeptide (NANP), conjugated to 


tetanous toxoid^. Another construct used 
by Ballou et al was obtained by 
recombinant DNA consisting of 32 
tetrapeptide repeats and a 32 amino acid 
long taiF. Although poor immune re¬ 
sponses were obtained in human trials, 
both the studies indicated a correlation 
between the level of anti-repeats antibody 
and the partial protection against sporozoite 
challenge. But by and large these trials 
were considered unsuccessfuF’l It was 
clear that high doses of these vaccines were 
required to obtain protection and that there 
were no booster effects on repeated injec¬ 
tions. It was felt that an improved vaccine 
formulation both in terms of antigen 
presentation and delivery system to pro¬ 
vide T-cell help, would be required for a 
CSP-based vaccine to be more efficacious. 

Meanwhile a synthetic peptide vaccine 
based on the blood stage antigens was 
developed and human trials were con¬ 
ducted in Latin America. This vaccine, 
termed as SPf66, showed some promise 
initially^-'^ but later trials in Africa and 
elsewhere showed that this vaccine was 
ineffective^ and the hopes for malaria 
vaccine dipped low. In fact the failure of 
SPf66 has raised several questions regard¬ 
ing human vaccine trials in general. 

Recently, however, a much improved 
subunit vaccine based on the CSP repeats 
has been reported which has shown a high 
level of protection against malaria infection 
in subjects never exposed to the disease 
before^. Yeast cells (Saccharomyces 
cerevisiae) transformed with vectors carry¬ 
ing the fusions, synthesized hybrid proteins 
that assembled into particles similar to those 
formed by HBsAg (ref. 6). Rutgers et al 
were able to show that the CSP epitope was 
exposed, on the exterior of the particles and 
high titre antibody response to the repeats 
was induced upon immunization in animals. 
These workers also found that these anti¬ 
bodies were able to inhibit invasion of 
hepatoma cells in vitrol 

In the recently-reported human trials, 
three different vaccine formulations with 
the above antigens were used. In the first 
formulation (vaccine-1) alum and 
monophosphoryl lipid A, in the second oil 
in water emulsion (vaccine-2) and in the 
third (vaccine-3) oil in water emulsion and 
a mixture of immunostimulants mono- 
phorphoryl lipid A and QS21 (a formula¬ 
tion designed by SmithBQine Beecham 


Biologicals, Belgium) were used. Twenty- 
two subjects who received three doses of 
vaccine were challenged with R falciparum 
sporozoites along with six unimmunized 
individuals who acted as controls. All the 
controls developed parasitemia after 13 
days of the challenge. The first formula¬ 
tion, vaccine-1, was almost ineffective 
whereas five of the seven individuals 
vaccinated with vaccine-2 became infected. 
However, only one of the seven subjects 
given vaccine-3 formulation became in¬ 
fected; all the rest were completely pro¬ 
tected against the infective challenge. Pre¬ 
liminary results have suggested that the 
protected individuals have significantly 
higher anti-tandem repeat epitope antibod¬ 
ies compared to those who were infected 
in this trial. Whether cellular immune 
responses also contribute to the observed 
protection are yet to be analysed. These 
results are significant and even though 
there are several questions that deserve 
attention, this study has greatly revived 
interest in malaria vaccine development. 

This study demonstrates that immuni¬ 
zation with a single malaria antigen may 
induce sufficient levels of protective im¬ 
munity. At the same time, however, it is 
clear that adjuvant may have a very crucial 
role to play in providing the appropriate 
immune response. This study should form 
the basis for much improved constructs 
and formulations, and for increased interest 
in malaria vaccine research and industrial 
collaboration in this highly complex en¬ 
deavour. 
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et al. Nature, 1987, 328, 257-259. 
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et al, Lancet, 1996, 348, 701-707. 
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RESEARCH NEWS 


Probing single molecules by Raman spectroscopy 


V Lakshminarayanan 

The ability to probe single molecule or 
molecular events provides the scientist the 
ultimate tool to check their theories and 
comprehend the individual behaviour in the 
atomic scale. This also means a better 
understanding of the interactions that dis¬ 
tinguish one molecule from another, which 
is normally averaged in ensemble measure¬ 
ment. Hence the usual assumption that all 
molecules contribute equally to the behav¬ 
iour of the system can be directly exam¬ 
ined. The advancement in spectroscopic 
techniques, in recent times, starting from 
the scanned probe microscopic techniques 
to the more recent near field optical 
techniques has extended the boundaries of 
the molecular detection. There has been a 
flurry of activity using these techniques 
for single molecular detection in various 
laboratories around the world. 

The single molecular detection has been 
achieved earlier in various environments 
such as low-temperature solids*, room 
temperature liquids^ and in electrochemical 
environment^ In the February issue of 
Science, Shuming Nie and Steven R. Emory* 
report some exciting new possibilities of 
using Raman spectroscopy to study the 
single molecule and single nanoparticle. 
The method uses the well-known phenom¬ 
enon of surface enhanced Raman scattering 
(SERS) and the resonance Raman scatter¬ 
ing (RRS) of molecules. The SERS was 
reported about two decades ago^ by M. 
Fleischmann and his group while studying 
electrochemically roughened silver elec¬ 
trodes adsorbed with pyridine 
moIecules.They found an enhancement of 
Raman signal intensity by about million 
times over the intensity for the same 
concentration of pyridine in the solution. 
This has opened up a wide field of 
research both in physics and chemistry of 
interface and in Raman spectroscopy. By 
now hundreds of molecules, organic, inor¬ 
ganic, polymeric, ionic and neutral that can 
adsorb on metals like silver, copper and 
gold have been studied and SERS has been 
established as an indispensable tool for 
surface studies, mostly in electrochemical 
environment®’’. In spite of the large amount 
of work carried out to understand the 
processes involved, there still remain sev¬ 
eral questions which have not been 
answered satisfactorily till this day. How¬ 
ever, the wealth of information provided 
by this technique is unabated. The reso¬ 
nance Raman scattering occurs when the 


radiation excites a molecule at its character¬ 
istic absorption frequency, and subse¬ 
quently leaving the molecule in a vibration 
state different from the one it started. This 
amplifies the signal by 5 to 6 orders of 
magnitude. Nie and Emory have coupled 
these two phenomena to probe single 
molecules. They have studied the well- 
known dye Rhodamine 6G, which has a 
characteristic absorption band at 530 nm 
adsorbed on silver sol of average particle 
diameter 35 nm. However, they find the 
Raman signals are greatly amplified by 
only a few of these particles whose 
dimensions are in a narrow range of 110- 
120 nm. These particles christened as ‘hot 
particles' when adsorbed with R6G and 
immobilized on polylysene-coated glass 
slide, emit very bright stoke shifted light 
when irradiated with 514.5 nm Ar ion 
laser. Clear images of the single particle 
Raman signals were obtained using the 
evanescent wave near field optical micro¬ 
scope, at a concentration of R6G as low as 
2x10"^ M. At this low concentration the 
authors show that each particle contains an 
average of 1 or 0 R6G molecule and as 
such the red-shifted light is actually Raman 
scattering from a single molecule adsorbed 
on a nanoparticle. Fluorescence is ruled out 
because they have been able to get such 
signals from non-fluorescent bio-molecules. 
Moreover the fluorescence is quenched in 
this case because of rapid energy transfer 
from the excited state to the metal surface. 

The single particle emission is also 
found to be strongly polarized unlike the 
ensemble averaged spectra of the same 
system which was reported to be strongly 
depolarized^ They were able to isolate 
two particles and obtain the Raman signals 
when they are in orthogonal orientation 
with respect to each other and show that 
when one is maximally polarized in the s- 
plane the'other is minimally polarized and 
vice versa when the excitation signal is p- 
polarized. A similar study with the emis¬ 
sion polarized SERS of R6G molecule on a 
single nanoparticle shows the strong 
polarization along the molecular axis. 

Another interesting observation is the 
sudden spectral changes observed when a 
single particle scattering is monitored for a 
few minutes of illumination. They report 
frequent changes in both Raman frequency 
and intensity during this time. These shifts 
are presumed to be due to changes in the 
configuration dynamics akin to spectral 


diffusion observed in single molecular 
studies of low temperature solids*. The 
Raman spectra from different molecules 
have also slightly different vibrational 
frequency, suggesting each molecule is 
adsorbed at different sites. 

Integrated fluorescent intensity meas¬ 
urements have been made on the R6G 
molecules adsorbed on glass surface and 
compared with SERS obtained with the 
R6G molecules adsorbed on the silver 
particles at a narrow spectral region where 
both overlap. The results show that the 
integrated Raman intensity is at least 4-5 
times larger. 

The very large enhancement observed in 
Raman intensity at single molecular level is 
attributed to the fact that not all particles 
are ‘optically hot’. Only one out of 100 to 
1000 particles is effective. Again out of 
10,000 surface sites on a hot particle, only 
one is active, thereby giving an intrinsic 
enhancement of ca 10’. 

This work is expected to lead to better 
understanding of the size-dependent prop¬ 
erties of the single organic nanostrucures, 
semiconductors and nanocrystals. SERS of 
non-fluorescent hemo-proteins, nucleotides 
and biological compounds can be studied at 
molecular level. Molecular resonance ab¬ 
sorption is not really a pre-requisite for 
such studies because the large enhancement 
shown by selected ‘hot particles’ can be 
exploited by tailoring the particle sizes 
using nano fabrication techniques afforded 
by scanning probe microscopy. 
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Pathfinder on Mars 

The landing of NASA's Pathfinder spacecraft on Mars on July 4, 1997 has brought the topic of space exploration 
back into public focus. The event has generated excitement matching that which followed the lunar landings of 
the 1960s and 1970s, Information about the Pathfinder mission has been disseminated widely, with Internet being 
a major source. The Pathfinder websites recorded more than 200 million hits in the four days after the landing, 
making this the most popular event in Internet history. We reproduce below pictures taken from the Sojourner 
rover on the Martian surface and from the Imager for the Mars Pathfinder. 

—Editors 


Taken from Sojourner’s forward camera, this Image features a 
rover’s-eye view of the Carl Sagan Memorial Station. Areas of 
biilowing airbags can be seen surrounding the lander, and the 
rear deployment ramp is seen at the center. The rock Barnacle 
Bill is just to the right of the ramp, and Sojourner’s tracks are 
shown leading away from the spacecraft. The lander’s high-gain 
antenna is at the left of the lander’s main electronics array, 
appearing as a small grey disc. 


This view taken by the Imager for Mars Pathfinder (IMP) was 
taken on Sol 3. Barnacle Bill, the small rock at left, and Yogi, 
the large rock at upper right, have been examined by Sojourner’s 
Alpha Proton X-Ray Spectrometer (APXS) instrument and the 
rover’s cameras. Barnacle Bill has the chemical composition of an 
andesitic volcanic rock, but may have been produced by sedimen¬ 
tation processes or meteorite impact. The lander's rear ramp which 
Sojourner used to descend to the Martian surface is at lower left, 
and a portion of deflated airbag is at lower right. 
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The Sojourner rover and undeployed ramps onboard the Mars 
Pathfinder spacecraft can be seen in this image, by the Imager 
for Mars Pathfinder (IMP) on July 4 (Sol 1). This image has 
been corrected for the curvature created by parallax. The micro¬ 
rover Sojourner is latched to the petal, and has not yet been 
deployed. The ramps are a pair of deployable metal reels which 
will provide a track for the rover as it slowly rolls off the lander, 
over the spacecraft’s deflated airbags, and onto the surface of 
Mars. Pathfinder scientists will use this image to determine whether 
it is safe to deploy the ramps. One or both of the ramps will be 
unfurled, and then scientists will decide whether the rover will use 
either the fonward or backward ramp for its descent. 


The two hills In the distance, approximately one to two kilometers 
away, have been dubbed the ‘Twin Peaks’ and are of great 
interest to Pathfinder scientists as objects for future study. The 
white areas on the left hill, called the ‘Ski Run’ by scientists, 
may have been formed by hydrologic processes. 







NEWS 


Higher fellowships for Ph D students and post-doctoral researchers 


Even as scientists in national laboratories 
and academics in universities wait for 
salary increases following the Fifth Pay 
Commission recommendations, there 
appears to be relief in sight for the real 
foot soldiers of science. The Scientific 
Advisory Committee to the Union Cabinet 
(SAC-C) has recommended that the 
fellowships for research students and 
post-doctoral researchers be enhanced. 
The Committee under the chairmanship 
of C. N. R. Rao has recommended 
that: 


‘A post-doctoral fellow may be given 
15% of the minimum emoluments of a 
scientist in the grade of Rs 3000-4500 
(pre-revised). Annual increment should 
be such that a post-doctoral fellow gets 
the minimum emoluments of a scientist 
at entry point (present Rs 3000-4500) in 
about 3 years. 

‘A research fellow pursuing PhD 
may be given 75% of the emoluments 
offered to a post-doctoral fellow. The 
annual increment should be such that 
the research fellow gets the minimum 


salary of a post-doctoral fellow in about 
5 years.’ 

The SAC-C recommendations come at 
a time when there is growing concern 
about the attractiveness of careers in sci¬ 
entific research and markedly declining 
input into institutions of higher education. 
The proposals have apparently met with 
the enthusiastic support of the Prime Mini¬ 
ster and the Finance Minister. The ball 
is now in the court of the Department 
of Science and Technology. 


OPINION 

Adverse drug reactions: DPT and poliomyelitis in developing 
countries 


H. V. Wyatt 

Several reviews of adverse reactions 
following immunizations to children in 
developing countries'"^ including a review 
from the Ministry of Health and Family 
Welfare, India'' have been optimistic, 
reporting very few serious reactions 
resulting from hundreds of millions of 
immunizations. No review mentions that 
an intramuscular injection of the Diph¬ 
theria-Pertussis-Tetanus (DPT) vaccine 
carries a risk of provocation paralytic 
poliomyelitis if the child is incubating a 
poliovirus infection^. How great is this 
risk and why has it been ignored? 


Provocation poliomyelitis 

When infection with a poliovirus 
coincides with an intramuscular injection 
of an inflammatory substance, the risk 
of paralysis increases according to the 
degree of inllammation in the muscle. 
Provocation was recognized in 1949 in 
Australia and England because the first 
paralysis occurred in the arm injected 
with DPT, about 10 to 20 days after 
immunization. When wild viruses were 
circulating, DPT injections in the polio 
season were the main cause of provoca¬ 
tion. When it was found that they caused 


much of the inflammation, adjuvants in 
the DPT vaccines were removed and DPT 
injections were given when circulation of 
wild polioviruses was low. Provocation, 
proved by animal experiments and 
epidemiological studies, occurs in the time 
between infection with virus and its clear¬ 
ance from the bloodstream by antibodies, 
about 9 or 10 days after infection. 
Injections during and after clearance will 
not provoke because virus already in the 
nervous system is protected. The most 
extreme instance of provocation occurred 
in the Cutter Incident when children 
received live poliovirus by injection. 
However, provocation polio had been 
described, though not named, in children 
with congenital syphilis treated with 
salvarsan in England and Italy, in com¬ 
munities in the Pacific treated for yaws' 
and in Africa in children following 
injections^. 

There have been very few cases of 
polio in the US since the Sabin vaccine 
was used, and surveillance of the few 
cases in the US and Europe does not 
include details of injections or first 
paralysis. The belief that provocation does 
not occur with vaccine virus had led to 
denial of DPT provocation and its gradual 
disappearance from the textbooks. The 


statement in an authoritative textbook by 
US authors, that ‘. . . the rare instances 
of paralysis in a limb recently injected 
with an irritating material during a period 
of high poliovirus prevalence’^ is a feeble 
warning for developing countries where 
polio is endemic and everyone is given 
injections. Provocation of poliomyelitis 
by DPT does not appear in the index of 
the most recent US compendium on 
adverse effects of vaccines for children^. 
Advice on the giving of injections has 
focused on nerve damage without 
mentioning the risk of provocation, e.g. 
ref. 8. 

In developing countries, the usual treat¬ 
ment for a child with fever is one or 
more injections^^ and if the fever is caused 
by poliovirus already in the spinal cord, 
polio paralysis may follow in 24 to 48 h. 
Non-paralytic polio may become paralytic 
and paralytic polio be made more severe. 
The effects of this aggravation are usually 
confined to the injected limbs'". 

Poliomyelitis following DPT 
injections in India 

The first report of provocation polio in 
India following DPT injections was in 
1973 when Basu gave details of 16 
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cases of which 13 were correlated 
paralysis in the injected limb and of 
these, 6 were in the arm, a rare site of 
paralysis in India. Examination of the 
case histories of hundreds of children 
with polio at Children's Hospital, New 
Delhi showed that no more than 2% 
involved provocation following DPT^^. 
At JIPMER, Pondicherry, four of the 262 
cases were provoked by DPT and another 
three had received DPT injections less 
than 48 h before paralysis - aggravation 
rather than provocationIn Bombay, a 
survey showed that eight cases of 82 
with residual paralysis had developed 
polio after their first DPT dose'^. The 
most recent outbreak occurred in an 
orphanage in Delhi in 1992 when of 37 
children ‘inadvertently administered 
DPT’, five were paralysed 

Discussion 

When polio is endemic as it was in India 
and still is in many parts of Africa, DPT 
injections carry the risk of resulting polio, 
a risk acceptable if thousands of children 
are protected against diphtheria, whooping 
cough and tetanus. However, if DPT 
injections caused 1 to 2% of the polio 
cases in India (see above), then 20 to 
40 thousand children were affected in the 
ten years from 1980. This might be 
acceptable for the greater good, but was 
a disaster for the families. 

WHO policy that children with fever 
should be given DPT because otherwise 


they might be liable to life-threatening 
infections, has resulted in cases of 
aggravation polio. When circumstances 
change so that diphtheria, whooping 
cough and tetanus are no longer as threat¬ 
ening, policy should be reconsidered. 
Textbooks from western countries with 
different practices and circumstances must 
be used with caution. 

Health authorities are reluctant to admit 
that immunizations carry any risk and 
may even delude themselves that such 
risks do not exist or that faulty injection 
practices, not the vaccine, are the cause. 
Nevertheless, it is difficult to understand 
how papers published in Indian journals 
have been so completely forgotten. We 
must face unpleasant facts and report 
them honestly in the literature, not only 
because this is right and ethical, but also 
to prevent future misfortunes. I was 
informed by an anonymous referee that 
public health officials knew of a few 
cases of polio resulting from DPT injec¬ 
tions, but keep silent rather than cast 
doubts on the safety of the vaccine^. 
Their silence condemned many children 
to paralysis when mass campaigns with 
DPT began in 1949 (ref. 5). 

• As Richard Feynman reported on the 
Challenger Space Shuttle disaster, . 
reality must take precedence over public 
relations, for Nature cannot be fooled’. 
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SCIENTIFIC CORRESPONDENCE 

First occurrence of Isoetites serratifolius Bose & Roy from the 
Deccan intertrappean beds of Kutch, Gujarat 


The Deccan intertrappean/inffatrappean 
beds of Kutch represent the westernmost 
exposures in Peninsular India. The main 
localities are Anjar, Dayapar, Kora and 
Lakhmipar. Of these, at Anjar, several 
intertrappean beds are exposed. The third 
intertrappean bed is rich in dinosaurian 
remains and an iridium anomaly has been 
recorded. In other localities only one 
intertrappean/infratrappean bed is ob¬ 
served. 

Some of these beds were noticed by 
Wynne* as early as 1872. The geology 


and palaeontology of these beds were 
worked out by various geologists and 
palaeontologists from time to time^"'**. 

For the present investigation, intertrap¬ 
pean beds at Anjar, Dayapar and Kora 
were studied. Anjar did not yield any 
plant megafossils whereas the exposures 
at Dayapar and Kora are rich in frag¬ 
mentary leaf impression of Isoetites. No 
other plant megafossils could be recovered 
from these beds. Maceration for palyno- 
logical fossils also turned barren. 

At Dayapar, a couple of exposures of 


infratrappean beds are observed on the 
eastern side of the Bhuj-Lakhpat metalled 
road between Dolatpar and Dayapar (Fig¬ 
ure 1). The sedimentary rocks are capped 
by more than 1 m of basalt but no basaltic 
bed could be traced at the base. The 
lowermost bed consists of roughly 3 m 
grey to slightly brown variegated shale. 
It is overlain by one fourth metre of 
brown, gritty sandstone. Between this 
sandstone and the topmost basalt, one 
metre greyish marl and limestone is sand¬ 
wiched. This bed is particularly rich in 
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Physa, ostracodes, fishes, dinosaur 
remains and egg shells. Isoetites fragments 
were observed in plenty from the lower¬ 
most grey to brown variegated shale* 
Around the deserted village of Kora, 
in between Dayapar and Kora, a few 
intertrappean beds were noticed. In most 
of the sections, the lower and upper 
basaltic beds were observed. They gen¬ 
erally exhibit approximately 2 m thick 
white ash-bearing mudstone just at the 
top of the lower basalt. This mudstone 
is overlain by half a metre of green shale 



Figure 1. Map showing the locatioas of dif¬ 
ferent inteitrappeans in western Kutch (in part) 
around Dayapar, Kora and Lakhmipar (after 
Khanna and Mohan"). 


followed by 0.7 m of yellowish white 
mudstone with limestone lenses. This is 
overlain by 0.6 m of grey bentonitic mud¬ 
stone. Between this bed and the topmost 
basalt there is a brownish yellow splinteiy 
shale with numerous remains of Isoetites, 
These fossils were also recovered from 
the lower white ash-bearing mudstone 
and to a certain extent from the green 
shale. 

Goms - Isoetites Munster, 1842 
Isoetites serratifolius Bose & Roy, 1964 
Figure 3 a-e 

1964 Isoetites serratifolius, Bose & 
Roy'^; p. 226, pi. 1, figs 1-5. 

1966 Isoetites serratifolius Bose & Roy; 
Surange*^, pi. 19, figs 9D--F. 

1974 Isoetites serratifolius Bose & Roy; 
Sukh-Dev'^ p. 73. 

1984 Isoetites serratifolius Bose & Roy; 
Bose & Banerji*^; p. 4, pi. 1, figs 3-8, 
Text figs 2C-J & # A-C. 

Detached leaf fragments preserved as 
impression, incomplete, largest available 
fragment is 5 cm in length. Lamina width 
varies from 4 mm to 9 mm, midvein 
distinct, 0.2 mm-2 mm wide. Margin ser¬ 
rated, at places fine serrations are not 
well preserved and margin seems to be 
entire, serrations vary in size and shape, 
curved upward, 0.1 mm-0.5 mm long. 

Isoetites serratifolius is so far known 
only from the different localities of Bhuj 
Formation (Early Cretaceous), The occur¬ 
rence of (his species has been recorded 


from Khari and Chawad River sections, 
Ugardi, Lakhapar, Shiyot, Artara, Katesar, 
Ghuneri and Dharesi in Kutch District, 
Gujarat*^, The present record is the first 
occurrence of this species from the Dec- 
can intertrappean beds of Dayapar and 
Kora also from the same district. 

The fragmentary nature of the speci¬ 
mens, absence of sporophylls and spores 
are limitations for further investigation. 
It is hoped that with better and more 
complete specimens further information 
could be accumulated and a proper as¬ 
sessment of the specimens would be pos¬ 
sible in the near future. The illustrated 
specimens clearly show the existence of 
wide variations in the nature of serrations 
(Figure 3 a-f) of margins of different 
leaf fragments. The variations of serrated 
sporophyll margins, i.e. finely serrated 
margin and sparsely semated margin may 
either represent the two different species 
or the sporophylls at different stages of 
maturations are yet to be confirmed. 

The extant Isoetes grows in a variety 
of habitats where the soil is saturated 
with water for at least some period of 
the year‘s. It generally grows in lakes, 
ponds and rivers or in temporary pools. 
The study of Indian species of Isoetes 
revealed that of the six Indian species, 
/. coromandelina is the most widely dis¬ 
tributed species and grows in damp places, 
river banks, marshy lands and swamps*^. 
Isoetes sahyadrii has been found to grow 
in the mountain lakes and ponds above 
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Figure 2. Stratigraphic succession at Dayapar (a) and Kora {b) (after Bajpai et a/.**). 
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Figure 3. Isoetites serratifolius Bose & Roy (a- 
specimen no. BSIP 37702). 


the height of 200 m in Western Ghats, 
Karnataka^^ and L dixitei has been 
recorded from shallow rock pools of 
Panchgani, Maharashti'a^^^ 

The occurrence of ho elites sermtifolius 
in the intertrappean/infratrappean beds of 
Kutch indicates that it was growing there 
during the eruption of the Deccan vol- 
canics, when many lakes and pools were 
developed due to outpouring of lavas and 
uneven topography of the region. 

The existence of environmental stress 
had been observed in Deccan volcanism~‘^ 
The trap flows over the Bagh beds, 
Lameta Formation and intertrappean beds 
with a sharp contact without any lithologi¬ 
cal evidence of lava flowed into a water 
body or even over a wet ground. These 
observations lead to the conclusion that 
the lakes, pools and other sedimentary 
basins, prior to their getting covered by 
the overlying basalt flows, were com¬ 
pletely desiccated following the total 
extinction of flora and fauna inhabiting 
them. This was due to climatic changes 
resulting from continuing volcanism in 
the region far away from them. 

Isoetes could not withstand the enor¬ 
mous temperature and the desiccation so 
they died out periodically but whenever 
the water accumulated and favourable 



■c, x2, specimen nos., BSIP 37701, 37702, 37702; d, x 4, specimen no. BSIP 37700; er, x 3, 


condition prevailed, they grew luxuriantly 
at the bottom over and over again. 


1. Wynne, A. B., Mem. GeoL Surv. India, 
1872, 9, 1-293. 

2. Khanna, S. M. and Mohan, M., Bull. GeoL 
Sac. India, 1965, 2, 48. 

3. Biswas, S. K., Q. J. GeoL Min, MetalL 
Sac. India, 1971, 43, 223-235. 

4. Biswas, S. K., Q. J. GeoL Min. MetalL 
Soc. India; 1977, 49, 1-52. 

5. Biswas, S. K. and Deshpande, S. V., Bull. 
Oil Nat. Ga.s Commn., 1970, 7, 115-116. 

6 . Biswas, S. K. and Raju, D. S. N., Q. J. 
GeoL Min. MetalL Soc. India, 1971, 43, 
177-180. 

7. Ghevariya, Z. C., Ciirr. ScL, 1986, 57, 
248-251. 

8 . Ghevariya, Z. C. and Srikarni, C., Contrib, 
Seminar cum Workshop, IGCP 216 & 245, 
Chandigarh, 1990, pp. 106-109. 

9. Salmi, A., Venkatachala, B. S., Kar, R. K., 
Rajanikanth, A., Prakash, T., Prasad, 
G. V. R. and Singh, R. Y., Mem.. GeoL 
Soc. India, 1996, 37, 267-283. 

10. Bhandari, N., Shukla, P. N. and Castagnoli, 
G. C., Palaeogeogr. PalaeoclimatoL Palaeo- 
ecoL, 1993, 104, 199-211. 

11. Bajpai, S., Sahni, A., Jolly, A. and Srini- 
vasan, A., Contrib. Seminar cum Workshop, 
IGCP 216 & 245, Chandigarh, 1990, pp. 
101-105. 

12. Bose, M. N. and Roy, S. K., Palaeo- 
botanL^t,1964, 12, 226-228. 


13. Surange, K. R., CSIR Bot. Monogr., 1966, 
4, 1-209. 

14. Dev. S., Aspects & Appraisal of Indian 
Palaeobotany, BSIP, Lucknow, 1974, pp. 
73-76. 

15. Bose, M. N. and Banerji, J., Palaeobotanist, 
1984, 33, 1-189. 

16. Tryon, R. M. and Tryon, A. F., Springer, 
1982, pp. 1-857. 

17. Pant, D. D. and Srivastava, G. K., Proc. 
Nat. Inst. ScL India, 1962, B28, 242-280. 

18. Mahabale, T. S., Curr. ScL, 1938, 7, 62-63. 

19. Shende, D. V., J. Univ. Bombay, 1945, 14, 
50-52. 

20. Deshmukh, S. S„ Contrib. Seminar cum 
Workshop, IGCP 216 & 245, Chandigarh, 
1990, pp. 115-117. 

ACKNOWLEDGEMENTS. R.K.K. is grate¬ 
ful to DST, New Delhi for funding the research 
Project ‘Palaeogene floral diversity - biostrati¬ 
graphy and palaeoenvironmental implications’ 
(ES/44/037/93). He is also thankful to the 
Director, BSIP, Lucknow for facilities. 


B. N. Jana 
J. Banerji 
R. K. Kar 

Birbal Sahni Institute of Palaeobotany, 
53, University Road, 

Lucknow 226 007, India 


CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 


405 








GENERAL ARTICLE 


Financing the development and commercialization 
of indigenous technology in India 

Paw an Sikka 

Extramural funds to R&D institutions, tax-incentives to industry for carrying out in-house R&D 
activities, and technology financing schemes by the Government and financial institutions are 
enacted for sponsoring technology development in R&D laboratories and their commercialization 
by industry, to aid the overall process of development of indigenous technology in India. 


Science and technology (S&T) are vital to a nation’s 
economic development, providing the basis for innova¬ 
tion, productivity, growth and maintaining the interna¬ 
tional competitiveness of the industry. And, research 
and development (R&D) constitutes an essential com¬ 
ponent of the strategy needs for advancing the frontiers 
of fundamental sciences. 

India, since independence, has made a considerable 
investment in scientific and technological research, and 
has built up an extensive infrastructure, besides creating 
a creditable potential^ Extramural funds are provided 
to the various scientific departments, agencies, 
academic sector and other socio-economic ministries for 
sponsoring the R&D projects in R&D laboratories and 
the academic sector. The Government plays a dominant 
role in the development of S&T, accounting for about 
80% of the national R&D expenditure. Industry spent 
0.60% of their sales turn over on R&D activities in 
1994-95. 

The nature of government subsidies for R&D covers 
tax incentives for in-house R&D activities, legal and 
promotional measures for the import of technology and 
technological products including chemicals and spares; 
joint venture participation, payment of royalty, honours 
and awards, etc. Recently, preferential treatment in 
licensing, delicensing of industrial set-ups and commer¬ 
cialization of indigenous technologies by MRTP 
(Monopolies and Restricted Trade Practices) companies 
have been further liberalized and absorbed in the new 
Industrial Policy. The Union Budget for 1996-97 has 
introduced a set of new incentives to encourage invest¬ 
ments in R&D by the industry". 

Tax incentives on R&D expenditure 

The Department of Scientific and Industrial Research 
(DSIR), (Ministry of Science and Technology), Govt of 
India, New Delhi is the prescribed authority to provide 

*Pawan Sikka is with the Department of Science & Technology, 
Government of India, New Delhi 110 016, India. 

The views expressed are the personal views of the author only. 


fiscal incentives and support measures, for carrying out 
R&D activities, such as: 

Income tax relief 

Under Section 35(I)(i) of the Income Tax Act 1961, the 
revenue expenditure laid out or expended on scientific 
research, by the in-house R&D units on activities related 
to the business of the company is allowed as full deduction. 
Under Section 35(2) of the Income Tax Act 1961, expen¬ 
diture of capital nature on scientific research related to 
business carried on could be deducted totally from the 
income of the year in which this expenditure is incurred. 
Also, contributions and donations made to Scientific and 
Industrial Research Organizations (SIROs) approved by 
DSIR and notified u/s 35(l)(ii)/(iii) of the Income Tax 
Act 1961 qualify for exemption from income tax. 

Weighted tax deduction 

Under Section 35(2AA) of Income Tax Act 1961, a 
weighted tax deduction of 125% will be provided for 
sponsored research programmes in approved National 
Laboratories. 

Custom duty exemption 

The Pass Book Scheme would provide rationalization 
of customs duty exemption on import of equipment, 
spares and accessories and consumables for research 
purposes by public-funded research institutions, univer¬ 
sities, IITs, IISc, Regional Engineering Colleges, etc. 
The SIROs recognized by DSIR are eligible for customs 
duty exemption for import of essential items relating to 
capital equipment, spares, accessories, raw materials and 
consumables for their R&D work. There is a provision 
of customs duty exemption on specific goods imported 
for use in R&D projects funded partly by any Department 
of the Central Government and undertaken by a company 
in their in-house R&D unit recognized by DSIR. 
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Tax holiday 

There is a provision of a 5-year tax holiday under Sec. 
80-IA of Income Tax Act 1961, to approved companies 
engaged in scientific and industrial research and deve¬ 
lopment activities on commercial lines. The 100% 
deduction for a 5-year period shall commence from the 
assessment year relevant to the previous year in which 
the approval by the prescribed authority is accorded to 
such a company. This provision has taken effect from 
1 April 1997 and will, accordingly, apply in relation 
to the assessment year 1997-98 and subsequent years. 

Excise duty waiver 

There is a provision of exemption of all goods falling 
under the Schedule to the Central Excise Tariff 1985 
(5 of 1986) from the whole of the duty of excise 
leviable thereon provided such goods are manufactured 
by a wholly Indian owned company, such goods are 
designed and developed by such Indian company, the 
goods so designed and developed are patented by such 
Indian company in India and in any one or more of 
the countries of the European Union and in United 
States of America or Japan or in both, for a period of 
three years from the date of commencement of com¬ 
mercial production. 

Accelerated depreciation allowance 

Under Rule 35(2) of the Income Tax Rules, Third 
Amendment vide Notification No. 133/342/86-TPL dated 
01 April 1987, depreciation allowance at a higher rate 
of 40% is available in respect of plant and machinery 
installed in the accounting years relevant to the assess¬ 
ment year for manufacture/production of goods based 
on indigenous technology developed in recognized in- 
house R&D units, SIROs, Government R&D Institutions 
and National Laboratories. 

Price control exemption 

As per the guidelines issued by the Department of 
Chemicals and Petrochemicals in June 1995, following 
the Drugs (Prices Control) Order 1995, bulk drugs 
produced from the basic stage by a process of manu¬ 
facture developed by the unit through its own research 
and development efforts, duly certified by DSIR, are 
eligible for exemption from price control for a specified 
period not exceeding five years. Further, new bulk drugs, 
which have not been produced elsewhere, if developed 
and produced through indigenous Research and Deve¬ 
lopment and duly certified by DSIR, are also eligible 
to be put outside price control for a period of 10 years 


from the date of commercial production in favour of 
the company which undertook the R&D activity. 

International collaboration 

Clearances are accorded to proposals for R&D collabo¬ 
rations between companies/institutions in India and those 
in other countries for promoting international R&D 
collaborations at the enterprise/institutional levels. 
Recognized in-house R&D units and SIROs are eligible 
to apply for permission for such international R&D 
collaborations^. 


Technology financing 

According to Technology Policy Statement of 1983: 

Suitable financial mechanisms will be established 
to facilitate investment . of pilot plants, process 
demonstration units and prototype development in 
order to enable rapid commercial exploitation of techno¬ 
logies developed in laboratories. Linkages between 
scientific and technological institutions and develop¬ 
ment banks will be strengthened. Gaps in technology 
will be identified and suitable corrective measures 
taken with adequate allocation of resources. Fiscal 
incentives will be provided in particulai* to: promote 
inventions; increase the use of indigenously developed 
technology; and efforts directed to absorb and adapt 
imported technology. 

Technology financing acts as a catalyst for stimulating 
economic development through technology innovation, 
upgradation, adaptation and commercialization in the 
country"^. Various technology financing schemes, operated 
by the Government of India (Table 1) cover funds for 
technology development and commercialization, plant 
and machinery, adaptation and upgrading indigenization, 
marketability, patenting, etc. by providing promotional 
support measures in the form of loan, equity, grants 
and tax subsidies, etc. Realizing the difficulties encoun¬ 
tered by enterprises in financing technology upgradation 
or setting up of production units based on new and 
emerging technologies, various financial institutions op¬ 
erate specific venture capital schemes to aid the process 
of technology development in India. These are: 

a) The Sponsored Research and Development (SPREAD) 
Programme of the Industrial Credit and Investment 
Corporation of India (ICICI) Limited, Bombay. 

b) Venture Capital Fund Scheme of the Industrial 
Development Bank of India, Bombay. 

c) Venture Capital Fund through Technology Develop¬ 
ment and Information Company of India Limited 
(TIDCI), Bombay. 
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Table 1. Technology financing schemes in India 


Government schemes 

i) A fund for technology development and application, known as 
Technology Development Fund, is offered by the Technology 
Development Board, set up under the Department of Science & 
Technology, Ministry of Science & Technology, Govt of India, 
New Delhi. 

ii) Fund for sectoral projects: The Department of Science & Techno¬ 
logy (DST), Govt of India, New Delhi has evolved new schemes 
for accelerating the growth of indigenous technological capability 
and supports the mission-oriented activities, such as: 

- Promoting R&D in drugs and pharmaceuticals 

- Instrument development programme 

- Advanced materials programme 

- Critical technology programme 

- Sugar technology development 

- Utilization of fly-ash 

- Advanced composites and materials, 

iii) Technology development assistance for home grown technologies, 
of the TIFAC (Technology Information, Forecasting and Assessment 
Council), Department of Science & Technology, Govt of India, 
Ministry of Science & Technology, New Delhi. 

iv) PATSER (Programme aimed at technological self-reliance), a scheme 
of the Department of Scientific and Industrial Research (DSIR), 
Govt of India, Ministry of Science & Technology, New Delhi. 

v) Funding of R&D in electronics to industry (FRIEND), Scheme of 
the Department of Electronics, Govt of India, New Delhi. 

vi) IREDA (Indian Renewable Energy Development Agency) funds 
for developing new energy sources. 

vii) HUDCO for habitat development. 


d) Risk Capital and Technology Finance by the Risk 
Capital and Technology Finance Corporation (RCTC), 
New Delhi. 

e) Small Industries Development Bank of India (SIDBI) 
for small and medium enterprises. 

Conclusion 

The aim of the Government in providing funds and 
policy measures for the development of indigenous tech¬ 
nology, focuses on protecting and promoting the tech¬ 
nology base, as well as to eliminate the fear of the 
small and medium-scale industries that the import of 
technology would not hamper the progress of local 


industry. While analysing the current R&D scene in 
India, it is further noticed that: 

a) R&D institutions have been advised to earn 30-50% 
or even more of their R&D expenditure by way of 
technology transfer and rendering consultancy services 
to industry. 

b) Industry being aware of the availability of latest 
technology/technological products in the field abroad, 
should sponsor R&D projects only in these new and 
emerging fields with the R&D institutions, which 
should equip industry not to go for the further import 
of technology/technology products. The establishment 
of in-house R&D units in the private sector has in 
most cases, been triggered by tax concessions (and 
corporate image) offered by the Government rather 
than by an intrinsic need of R&D for innovation. 

India is now committed to develop indigenous tech¬ 
nology by nurturing the capacities and capabilities built 
over the past 50 years. There are legal and taxation 
measures/incentives promoted by the Government of 
India, coupled with R&D laboratories and technical 
institutions and the qualified S&T manpower in the 
country. Supporting R&D and technology financing 
should make it possible for Indian industry to move 
towards attaining technological strength and industrial 
development and advancements in many fields, and 
enable it to respond to the global competition. 

The Indian system is trying to adjust quickly to the 
new international regime that will come soon into force 
in the sensitive areas of patents and IPRs. The challenge 
of GATTAVTO and its effect on the Indian economy 
is going to be a great one, in all aspects of her 
socio-economic growth. 
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Variable low energy positron beams for 
depth resolved defect spectroscopy in thin 
film structures 


G. Amarendra, B. Viswanathan, G. Venugopal Rao, J. Parimala and B. Purniah 

Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102, India 


The design, development and commissioning details of 
an ultra high vacuum compatible, magnetically-guided 
and compact variable low energy positron beam facility 
are reported. Information pertaining to the nature, 
concentration and spatial distribution of defects present 
at various depths in the near-surface layers of a 
material can be obtained using this technique. Some 
of the experimental results obtained using this facility, 
in terms of surface-sensitive positronium fraction meas¬ 
urements on Cu surfaces as well as defect-sensitive 
Doppler broadening measurements on semiconductor 
interfaces and ion irradiated silicon are presented. 
These results essentially provide an illustration of the 
research capability of the technique for the study of 
sub-surface regions and thin film interfaces. 


Positron annihilation spectroscopy (PAS) is a powerful 
and versatile tool for materials science studies'. In PAS 
techniques, positrons from a radioactive source are used 
as a probe for the medium under study. Positrons injected 
into the sample get thermalized and annihilate with 
electrons of the medium, giving rise to annihilation 
gamma rays. The information pertaining tq the electron 
momentum distribution and local electron density of the 
medium under study can be obtained using PAS. It has 
been widely used, over the last several years, for a 
variety of problems^ addressed to the study of electronic 
structure and atomic scale defect properties in metals, 
alloys, semiconductors, superconductors, nanophase ma¬ 
terials and quasi-crystals. Defect concentration ranging 
from 10"^ to can be probed using PAS techniques, 
which have high sensitivity and selectivity to open 
volume defects in materials. However, owing to the 
continuous energy distribution of positrons emanating 
from a radioactive source, with the end point energy 
in MeV region, the technique provides information about 
the bulk state of the material, averaged over depths 
starting from the surface to several microns inside. Thus, 
atomic layers at a specific depth cannot be selectively 
probed by conventional PAS experiments. 

Knowledge of the defect structures and their depth 
distribution in sub-surface regions of materials, thin 
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films, epilayers and interfaces is essential to our under¬ 
standing of the characteristics and behaviour of many 
modern materials which are of technological importance. 
The emergence of variable low energy positron beams^"^’ 
(LEPB) in the energy range of a few eV to several 
keV has come to fulfill this need quite admirably, 
through its capability of selective depth profiling of 
defects. In LEPB, a fraction of positrons from a primary 
radioactive source is thermalized and reemitted as thermal 
positrons using a moderator, thereby giving rise to a 
secondary source of monoenergetic positrons. These can 
be focused, transported and accelerated to the desired 
energy to form a monoenergetic positron beam of variable 
low energy. Since the positron implantation depth has 
a power law dependence^ on beam energy, fixing the 
latter ensures depth selectivity. The defect-sensitivity 
coupled with the depth resolved capability of LEPB 
facilitates unique means of characterization of defects 
in thin-layered structures. For example, a detailed char¬ 
acterization of defects at surfaces and buried interfaces, 
which is very vital and important to semiconductor 
industry, can be carried out in an elegant and non¬ 
destructive way using LEPB. This technique can provide 
defect specific information, complementary to other 
experimental techniques such as Auger Electron Spec¬ 
troscopy (AES) and Secondary Ion Mass Spectrometry 
(SIMS), which are useful in giving depth resolved 
information about composition and chemical impurities 
in the material. 

In this account, the details of development, commis¬ 
sioning and operation of an LEPB facility in our labo¬ 
ratory and the results of initial research carried out 
using the facility are reported. This is the first facility 
of its kind operating in India. The organization of the 
paper is as follows. The first section deals with (a) the 
basic concepts involved in positron beam production (b) 
the details of design and commissioning of the facility, 
and (c) the details of the experimental set up and the 
automation of experimental data acquisition. The experi¬ 
mental results in terms of positronium fraction meas¬ 
urements on different Cu surfaces and depth 
resolved Doppler broadening measurements on oxide- 
semiconductor interfaces and Ar ion-induced defects in 
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Si are discussed later. Finally, summary and conclusions 
are highlighted. 

Experimental details 

Basic concepts in beam production 

The production of low energy positron beam comprises 
of four main steps, viz. (i) monoenergetic slow positron 
production which involves a combination of a primary 
source and a moderator in an appropriate geometry. 
Extraction and focusing of slow positrons from the 
moderator surface using necessary lens arrangement, (ii) 
Energy or velocity discrimination to eliminate the 
non-thermalized fast positrons, (iii) Transport of the 
slow positron beam up to the target, and (iv) Acceleration 
of slow positron beam to define the chosen beam energy. 

Slow positron production. Some of the radioactive 
sources^ used for conventional PAS measurements are 
^^Na, ^^Co and ^’"^Cu. Among these, ^'Na has been the 
most popular choice owing to its long half-life (2,6 yrs) 
coupled with the commercial availability of carrier-free 
^^NaCl with high positron activity. In most of the 
laboratory-based beams, source strengths of the order 
of 50 mCi are used to obtain a primary positron intensity 
of about 10‘'^s~h 

Moderator is the most crucial component in the pro¬ 
duction of slow positron beams. When a moderator foil 
is exposed to a radioactive source such as ^^Na, a small 
fraction of energetic positrons from the spectrum gets 
thermalized inside the moderator foil and diffuse to the 
surface within its lifetime. A key property^’"^ that is 
exploited is the positron negative work function for 
some of the metallic surfaces, which results in sponta¬ 
neous reemission of slow positrons. Certain oriented 
faces of crystalline Ni, Mo and W exhibit negative 
O'** and hence can be used as positron moderators. 
Moderation efficiency e is defined as the ratio of the 
number of slow positrons emitted by a moderator to 
the number of fast positrons emanating from the radio¬ 
active source. The value of e ranges from 10“'' for 
cooled solid inert gas moderators to lO""^ or 10”^ for 
metallic moderator foils^-"^. Among all the metallic mod¬ 
erators, single crystalline W(IOO) foil is widely used in 
the production of laboratory beams, owing to its satis¬ 
factory moderation efficiency and long-term stability in 
slow positron yield. The re-emitted slow positrons from 
the moderator surface are monoenergetic with the 
longitudinal energy equal to the O'*' value. Also, the 
transverse energy spread, which gives rise to the angular 
distribution of slow positrons, is small and favourable"^ 
for the extraction of a well-focused positron beam by 
using appropriately designed beam optics. 

Various source-moderator geometries^ "'’^’, viz. reflection- 
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mode, back scattering and transmission mode are nor¬ 
mally used for the generation of slow positrons from 
the moderator. Due to the availability of self-supporting 
films of typically 1 pm thick metallic moderators, the 
transmission mode geometry has gained popularity. In 
this arrangement, the fast positrons from a source impinge 
on one surface of the moderator film, while the slow 
positrons reemitted from the other surface of the mod¬ 
erator, are extracted to form the slow positron beam. 
Taking into account the typical source strengths, 
source-moderator geometry and the optimal moderation 
efficiency, a slow positron beam intensity of about 10*^ 
to 10^ s“’ is achieved in most of the laboratory beams^. 

Energy discrimination. The slow positrons emanating 
from the source-moderator geometry are mixed up with 
the fast component of unmoderated positrons. Thus, 
it is necessary to eliminate the fast positron background 
and preserve only the slow positrons for beam transport, 
This energy (velocity) discrimination can be accom¬ 
plished in different ways. By employing (i) perpendicular 
electric (E) and magnetic (B) fields, known as ExB 
filter or (ii) parallel plate, electrostatic analyser known 
as electrostatic mirror or (iii) radially bent magnetic 
field known as RxB filter, where R is the radius of 
curvature and B is the magnetic field. By passing through 
any of these devices, slow positrons of well defined 
energy will get transmitted, while the fast positrons are 
eliminated. Based on the nature of beam transport, viz. 
electrostatic or magnetic, any one of the above methods 
can be employed to selectively filter the slow positron 
beam. 

Beam transport. Slow positrons emanating from the 
moderator can be transported to the target region by 
employing either electrostatic fields or by magnetic 
fields. In the former case, a series of electrostatic lenses 
of optimized separations and voltages are so arranged 
as to transport the beam up to the target. The beam 
characteristics in terms of its size and divergence can 
be controlled in electrostatic beam transport. However, 
due to various lens elements involved, the optimization 
of beam transport is rather involved. In the case of 
magnetic beam transport, an axial guiding magnetic field 
is applied in the direction of propagation of slow posi¬ 
trons. This confines the divergence of the beam and 
transports the individual slow positrons in helical paths 
along the direction of magnetic field. This guiding 
magnetic field can be applied either by using solenoidal 
coils or Helmholtz coils depending upon the geometry 
of the beam line. 

Acceleration. The positron beam can be accelerated in 
two ways. In the first scheme, the source-end is floated 
at the required positive voltage and the target is grounded. 
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In the second method, a small kinetic energy is imparted 
to slow positrons for transport and the beam is accelerated 
to the desired energy finally at the target. In the later 
scheme of post-transport acceleration, the target is suit¬ 
ably biased at a negative high voltage with respect to 
the beam line. Based on the design and construction, 
both modes of acceleration are in use. The depth to 
which the positrons get implanted is determined by the 
acceleration imparted to the positron beam, viz. the 
positron beam energy. The mean depth of positrons Z 
(in nm), measured from the surface through which 
positrons enter the solid, is related to the incident 
positron energy (in keV), by the empirical relation- 
ship^ Z=40j5'p*Vp , where p is the density of the 
material in g/cm-\ Thus, the incident positron beam 
energy can be varied to obtain a depth-resolved anni¬ 
hilation signal. 

Design details of LEPB 

A cross-sectional view of the LEPB facility’*^ in our 
laboratory is shown in Figure 1 with relevant details 
of automation (automation details are discussed separately 
in the subsequent section). The ultra high vacuum (UHV) 
compatible LEPB system consists of three inter-connected 
main parts, viz. a source chamber, a U-shaped beam 
transport section and a target chamber. 

The source chamber houses the primary positron 
source, moderator foil assembly and the electrostatic 
lens system. The primary positron source is a SOmCi 
■^Na source of 3 mm diameter mounted on a linear drive 
mechanism. The moderator foil is a single crystal W(IOO) 
of 1 pm thickness and 6 mm diameter. The moderator 
is mounted in a transmission geometry and the source- 



Figure 1. A cross-seciional view ol’ the variable low energy positron 
beam system shown with constituent parts and the automation details, 
A, Source mounted on a linear drive; B, Moderator foil; C, Electrostatic 
lens assembly; D and E, Port for vacuum monitoring and pumping; 
F, Port for lens voltage feedthrough; G, Radiation shield; H, Solenoidal 
guiding magnetic field; I and K, Steering coils at the entrance and 
exit; J, Orthogonal drift correction coils; L, Helmholtz coils; M, Target 
chamber; N, High voltage feedthrough cum sample holder; O, Detector. 
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to-raoderator separation is adjustable to within 1 mm. 
The source chamber is pumped using an ion pump of 
60 1 s"^ capacity. 

Electrostatic lens system for slow positron extraction 
and focusing has been designed, based on an electrostatic 
beam optics program developed^'^ in-house, A transfer- 
matrix methodcoupled with the documented data on 
the focal properties of commonly used electrostatic lenses 
has been used in the simulation of beam trajectories. 
Taking into account the separation between object (mod¬ 
erator foil) plane and image plane (aperture located at 
the entrance of U-tube) and required beam characteristics, 
a combination of an asymmetric einzel lens (AEL) and 
a two-tube lens (TTL) has been found to be the optimum 
choice. Accordingly, the separation and voltages of the 
lens elements have been fixed. The calculated positron 
trajectories from the moderator to the aperture are shown 
in Figure 2. The slow positron beam from the moderator, 
with a diameter of 6 mm and divergence of ±10°, is 
extracted by the lens assembly and focused on to the 
aperture to form a beam of about 2.5 mm in diameter 
and divergence of ±1°. This is achieved by imparting 
an accelerating voltage of 225 V to the slow positrons 
re-emitted from the moderator surface. This transport 
energy is found satisfactory for beam transmission from 
the production point to the target chamber. 

The U-shaped beam transport system has an aperture 
at its entrance, into which the slow positron beam is 
focused by the lens assembly. The guiding magnetic 
field is generated by doubly wound solenoidal coils on 
the U-tube. The strength of the guiding magnetic field 
is 7 mT, corresponding to which the positrons injected 
with an energy of 225 eV spiral along the guide tube 
with a radius of gyration of less than 1 mm. The 
U-shaped magnetic bend, which is similar to the one 
reported earlier^’ has two-fold functions: (i) It eliminates 
the fast positrons and selectively transports slow positrons 
based on the principle of R x B filter, (ii) It prevents 
direct line of sight between the source and the detector 
positioned at the end of the transport tube. Slow positrons 



Figure 2. Caiculalecl positron beam trajcciorics with rays traced from 
the moderator to the aperture, located at the entrance of U-shaped 
tran.sport tube. The positions of the moderator, AEL, TTL and aperture 
are marked in the figure. 
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of chosen energy, while negotiating the curved portion 
of the U-bend, experience a drift away from the center. 
The drift compensation is achieved by two pairs of 
orthogonally placed correction coils positioned on the 
curved portion of the U-tube. These coils generate the 
required transverse magnetic fields to deflect the beam 
on to the central axis of the beam tube. Apart from 
these drift compensation coils, another two pairs of 
steering coils rotated by 90° are placed on the entrance 
and exit portions of the U-tube to take care of the 
lateral shifts in beam positions. The typical value of 
magnetic fields generated by the correction coils is 
0.1 mT. 

The slow positron beam is finally transported into a 
target chamber. This houses the sample under study, 
which is mounted on the tip of an UHV compatible 
high voltage feedthrough. The sample can be biased at 
any required negative high voltage from 0 to 50 kV, to 
define the positron beam energy. In view of the con¬ 
necting flange between the U-tube and the target chamber 
and the irregular geometry of the target chamber, the 
axial magnetic field has been extended beyond the 
sample region using a pair of Helmholtz coils. This 
magnetic confinement in the target chamber eliminates 
beam divergence while the beam is hitting the sample. 
The detection of slow positron-induced annihilation 
gamma-ray is carried out using either a 3"x3" Nal 
detector or an intrinsic germanium detector, which is 
positioned outside the target chamber in close proximity 
to the sample. The target chamber is pumped using a 
500 1 s“^ turbo pump. 

In view of the high source strength of ^^Na, the 
source-side of the beam line has been shielded with 
interlocking gap-free lead blocks arranged in modular 
units. The detector is also appropriately shielded with 
lead bricks to minimize the gamma ray background. 
The radiation-shielding assembly on the source side has 
been designed, with provision for easy access to the 
moderator as well as for the retraction of the source 
flange during beam diagnostic operations. The whole 
beam line has been wound with heater wires so as to 
bake the complete system at a temperature of ~ 200°C 
for UHV operations. An ultimate vacuum of 
3 X 10"^ mbar has been obtained in the beam line as 
well as in the target chamber. 

Commissioning and beam tuning details 

Having integrated the whole beam system, the crucial 
step involved in commissioning the beam is the high- 
temperature annealing treatment of the W(100) moderator 
foil. W(IOO) foil in the as-received condition, does not 
show any measurable slow positron yield. The presence 
of impurities such as carbon and surface defects need 
to be removed by high temperature annealing treatment. 
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The 1 |LLm thin W(IOO) foil, is sandwiched between 
150 iim thick W supporting foils and has been subjected 
to thermal annealing treatment at ~ 2400 K in repeated 
cycles in high vacuum to obtain an optimum slow 
positron yield, based on an earlier study^^. This moderator 
foil after high temperature treatment, has been mounted 
in the beam line using a stainless steel assembly, which 
is in axial alignment with the source capsule. 

There are 15 beam transport parameters to be critically 
tuned and optimized to obtain beam transmission from 
the source chamber to the target. Each of these parameters 
is sequentially optimized starting from the source side 
to the target side. A 3" x 3" Nal detector has been used 
at the target chamber for the detection of 511 keV 
annihilation gamma rays due to slow positrons striking 
the target. Figure 3 shows the complete energy spectrum 
of the gamma rays obtained from the Nal detector. 
When the beam transport is not activated, only the 
background counts are observed. When the slow positron 
beam transport is switched on, the dominant 511 keV 
gamma ray photo peak is observed. This marks the 
successful transport of slow positrons into the target 
chamber and proves that the beam is striking the target. 
The effect of various transport parameters on the beam 
transmission has been studied. In beam diagnostic runs, 
when any of the beam transport sub-systems is switched 
off, the gated 511 keV gamma ray counts at the target 
drops down to the background counts. This indicates 
the successful functioning of various in-house developed 
electrostatic and magnetic transport sub-systems and the 
complete beam system. 



0 400 800 1200 1600 
CHANNEL NUMBER 

Figure 3. Gainnui ray energy spcciium ai the target oblaincJ using 
3''x3" Nal detector, corresponding to beam tran.sport activated (thick 
line) and switched off (dotted line). The prominent peak seen with 
the beam transport activated, corresponds to the photo peak of 511 keV 
annihilation gamma ray. 
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The number of slow positrons striking the target can 
be estimated by measuring the gated 511 keV gamma 
ray counts at the target using Nal detector and correcting 
for the solid angle and the detector efficiency. Based 
on this, we obtain about 3 x 10"^ slow e^ s~^ at the target. 
The moderator efficiency e has been estimated from the 
slow positron flux by correcting for the transport losses. 
We obtain 2x 10"^ for the moderation efficiency of the 
W(IOO) foil, which compares favourably with the earlier 
reported results*^’^^ Beam characteristics in terms of 
particle flux and beam size are quite satisfactory for 
carrying out regular experiments. Good reproducibility 
of the slow positron beam data on various targets has 
been obtained over long periods of time, with no 
adjustments to the settings of the beam transport system. 

Experimental set up 

Two types of experimental observables have been meas¬ 
ured in the LEPB experiments (i) positronium fraction 
measurements via detection of three gamma annihilation 
events using a Nal detector and (ii) measurements of 
Doppler broadening of slow positron induced annihilation 
gamma ray energy using a high resolution intrinsic 
germanium detector, which are described below. 

Positronium fraction measurements. Positronium (Ps) 
is a bound state of an electron and a positron, which 
can exist in two states'^, viz. <9r?/it?-positronium (0-Ps) 
which is a triplet state and a p^zra-positronium which 
is a singlet state. It is well known that Ps formation 
is forbidden in bulk metals because of conduction electron 
screening of the two-particle bound state. In this context, 
the- importance of solid surfaces became evident, with 
the first observationof free Ps formation with high 
efficiency, when slow positrons impinged on solid targets 
in vacuum. In Ps fraction measurements, the number of 
implanted slow positrons diffusing back to the surface 
and getting converted into Ps at the surface/vacuum 
interface is measured. Ps formation and desorption at 
the sample surface critically depends on the surface 
conditions. Therefore, the Ps fraction measurements 
are quite surface-sensitive. The ^S, (0-Ps) triplet state 
decays into three gammas with a continuous energy 
distribution from 0 to 511 keV. The three gamma energy 
spectrum has a characteristic broad maximum around 
120 keV in the valley region to the left of the photo 
peak. This is in contrast to the two gamma annihilation 
mode resulting in the emission of discrete 511 keV 
gamma rays. In the Ps fraction measurements, the com¬ 
plete energy spectrum of gamma ray is measured using 
either a Nal detector or high resolution Ge detector. In 
our studies, we have used a 3"'x3'' Nal detector for 
monitoring Ps fraction. The ratio of normalized area 
under the broad 120 keV peak and that of the 511 keV 
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photo peak are used to deduce the Ps fraction^^, f which 
is monitored as a function of incident positron beam 
energy. 

Doppler broadening measurements. Slow positron beam 
spectroscopy, being a depth selective non-destructive 
technique, has at its heart the measurement^ of Doppler 
broadened linewidth of the 511 keV annihilation line as 
a function of positron beam energy (E^) usually in the 
range of a few eV to about 25 keV. In these measurements 
done with a high resolution intrinsic Ge detector, a 
lineshape parameter, viz. ^-parameter is usually deduced 
as the fraction of the photo peak area lying in the 
central region of the Doppler broadening spectrum nor¬ 
malized to the total area of the photo peak. This 
^'-parameter, which signifies the probability of annihi¬ 
lation events with valence electrons, is quite sensitive 
to the presence of atomic scale defects which trap 
positrons at a given depth. In the presence of positron 
trapping at defects, the Doppler broadening curve gets 
narrower, yielding a higher •S'-parameter. Thus, by ana¬ 
lysing the variation of the ^'-parameter as a function of 
positron beam energy, the information pertaining to 
depth distribution of defects in the sample can be 
obtained. However, the deduced ^'-parameter is a linear 
combination of S. values associated with various states, 
viz. surface, defected layers, bulk, etc., from which slow 
positrons can annihilate. Self-consistent modelling of the 
measured S vs curve yields information on the depth 
distribution of defects in selected thin layers or interfaces, 
as the case may be. 

Automation of slow positron data acquisition 

The LEPB experiments, consist of measuring either Ps 
fraction or Doppler broadened lineshape at various beam 
energies starting from 200 eV to about 25 keV in small 
energy increments. Considering the attainable positron 
beam intensity at the sample, a typical counting time 
of about 1 h is required to record the gamma ray 
spectrum at a given beam energy. Thus, one needs to 
fix the beam energy and record the gamma ray spectrum 
for about 1 h and repeat this process for about 60 times 
to complete the total beam energy scan. Each experiment, 
therefore, extends over a period of 2 to 3 days. Hence, 
automation of the beam experiment will facilitate un¬ 
attended data acquisition and smooth experimentation. 
The present LEPB is based on post-transport acceleration, 
wherein only the high voltage on the sample needs to 
be changed for varying the beam energy and no other 
beam transport parameter needs to be tuned. This elegant 
design feature enables the automation of data acquisition 
in beam experiments in a simple manner'^’. As shown 
in Figure 1, the setting of the high voltage on the 
sample and the acquisition of the data coming from the 
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Ge detector are being carried out by a PC using software 
program written in GWBASIC. The flow chart for the 
automation is given in Figure 4. Thus, the automation 
carries out the whole experimental scan, at the end of 
which a file is created consisting of ^-parameter values 
for various positron beam energies. The performance of 
the automation system has been tested thoroughly and 
is being regularly used for carrying out beam experiments. 

Experimental results 

We present here some of the experimental results obtained 
in the initial phase, using the present LEPB facility. 
Surface sensitive positronium (Ps) fraction measurements 



Figure 4. Flow chart of various steps being carried out in beam 
automation. V., and AV are the initial, final and increment of high 
voltage applied to the sample, while t is the data acquisition time. 

414 


have been made to study the effect of ad-atom overlayers 
and as well as the effect of near-surface defects in 
influencing the Ps formation on metallic surfaces. Apart 
from this, a bench-mark study of Doppler broadening 
measurements of defects at oxide-semiconductor inter¬ 
face, and a study of ion beam induced defect profiling 
in Si are presented to highlight the variety of problems 
that can be studied using LEPB. 

Positronium fraction studies at Cu surfaces 

Measurements of Ps fraction (f) have been made on 
well-annealed Cu and oxygenated Cu surface using the 
experimental procedure discussed earlier. The results are 
shown in Figure 5, wherein / is plotted as a function 
of positron beam energy. As seen in Figure 5, in the 
case of well-annealed Cu, the value of / at the surface 
corresponding to low positron beam energy, is large. 
As the positron beam energy is increased, / decreases 
sharply and levels off. This observation indicates that 
Ps is formed with good efficiency at surface/vacuum 
interface. Once the positrons penetrate into deeper layers 
of the solid, the probability of back diffusion to the 
surface gets progressively decreased, thereby reducing 
the Ps fraction formed at the surface. A noticeable 
feature in Figure 5 is that the surface and bulk effects 
are clearly separable through Ps fraction measurements. 
As against annealed Cu, Cu surface covered with oxygen 
overlayers shows higher Ps fraction by nearly 15% for 
all incident positron energies (see Figure 5). This en¬ 
hancement in Ps fraction may be explained as follows: 
At the surface, there are two competing options for 
positron to form a bound state, viz. positron bound to 
the potential well of the image forces just outside the 
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Figure 5. Positronium fraction, /, as a function of positron beam 
energy, for annealed and oxygenated Cu surfaces. 
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surface (positron surface state) and secondly, Ps formation 
at the surface. In the presence of oxygen adsorbed at 
the surface, the depth of the image correlation well 
becomes shallower, brought about by the screening elec¬ 
tron density of oxygen atoms. Consequent reduction in 
positron binding to the surface state results in positron 
desorption even at room temperature. Positrons desorbed 
from the surface state are converted into Ps, as Ps 
formation is more energetically favoured. This explains 
the observed increase in Ps fraction for oxygenated Cu, 
as compared to oxygen free Cu. The present results in 
Figure 5 are in qualitative agreement with those reported 
earlier^'^ on the effect of oxygen overlayers in A1 single 
crystals. Apart from demonstrating the sensitivity for 
the presence of ad-atom overlayers, the present experi¬ 
ments show that using slow positron beams, one can 
monitor surface oxidation processes which are important 
in the study of semiconductor systems. The effect of 
near-surface defects on Ps formation in cold worked Cu 
has also been investigated^ Positron diffusion length U 
has been extracted by analysing the experimental data 
using a simple diffusion model^. By providing yet another 
defect sensitive quantity in the form of U , Ps fraction 
measurements extend the applicability of positrons for 
the study of defect-related phenomena in near-surface 
regions of materials. 

Doppler broadening studies of SiO^/Si 
interface 

A study of SiO.,-Si interface’^ is of critical importance 
in the fabrication of semiconductor devices, particularly 
in the context of metal-oxide-semiconductor (MOS) tech¬ 
nology. Considerable work is being carried out currently 
to study the purity, stability and defect properties of 
this interface. SiO^-Si interface is ideally suited for 
characterization by slow positron beams, as shown by 
earlier worksUsing this as a bench-mark problem 
for our LEPB study, Doppler broadening measurements 
have been made on Si 02 “*Si system as a function of 
positron beam energy and the results shown in Figure 
6,. Here, the Si02 layer of 110 nm thickness has been 
thermally grown on Si to produce the interface. The 
^'-parameter values for the interfacial sample shown in 
Figure 6 has been normalized to that corresponding to 
a reference Si(lOO) sample. In the latter, where the 
native surface oxide layer has been removed by suitable 
etching, the measured 5-parameter exhibits a constant 
behaviour for all incident positron beam energies. This 
constant value of the reference sample is taken as 1.0 
in Figure 6. The salient features of the measurements 
on the Si02-Si system are as follows: (i) 5-parameter 
is low at the surface, (ii) For low incident positron 
beam energies, 5-parameter increases to a maximum, 
(iii) Upon further increase of the positron beam energy, 
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S decreases to a minimum, exhibiting a dip at of 
3.5 keV. (iv) For higher positron implantation energy 
{E^ > 3.5 keV), 5 starts increasing and attains a saturation 
value, matching that corresponding to the bulk state of 
the reference Si sample. 

The above observations in Figure 6 may be understood 
as follows. The low value of 5-parameter corresponding 
to the surface of SiOj-Si system arises because of the 
positron overlap with the oxygen core electron in the 
surface layer. After crossing the surface layer, positrons 
of low incident energies are stopped in the oxide layer. 
Since the positron diffusion length in oxide is small, 
most positrons annihilate in the oxide layer giving rise 
to an oxide signal in the form of a large 5-parameter. 
For higher incident positron beam energies 
(2.5<jEp<4 keV), positrons reach the interface either 
through direct implantation or diffusion and get trapped 
at interfacial defects. These interfacial traps, having a 
characteristic local electron momentum distribution, gives 
rise to a distinct 5-parameter corresponding to E^ of 
3.5 keV. For large implantation energies (£p>4keV), 
positrons are stopped at deeper layers beyond the interface 
and approach the bulk Si behaviour. Apart from dem¬ 
onstrating the slow positron sensitivity to different depth 
resolved signals in Si 02 ”Si system, the present experi¬ 
ment offers scope for a detailed information on the 
nature, concentration and spatial distribution of defects 
at the interface through appropriate modelling of the 
experimental data. 

Ion beam-induced defects in Si 
A study of ion beam-induced defects in semiconductors 


0 100 200 500 Depth (nm) 



Figure 6. Normalized line.shapc 5-parameier plotted as a function of 
positron beam energy, for Si02-Si system. Positron beam energy 
converted into .sample depth is indicated on top axis. 
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create and study amorphous zones in selective depth 
intervals in Si with increasing Ar ion dose. 
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Figure 7. Lineshape .i'-parameter vs positron beam energy, for 
un-irradiated and 140 keV Ar .irradiated Si(ill) to a dose of 
5 X 10*^ cm"^. Depth probed by ^he positron is indicated on top axis. 

is of technological importance. With the advent of slow 
positron beams, a non-destructive study of depth pro¬ 
filing^’ of ion-induced defects in materials has become 
possible. We have studied^^ Ar ion-induced damage in 
Si(lll) using our LEPB. Samples of 250|im thick 
Si(lll) have been irradiated with 140 keV Ar ions to 
a range of doses starting from 5 x lO*'^ to 5x10'^ ions 
cm“^ at room temperature using a 150 kV ion implantor. 
Calculations using the TRIM code^^ indicate the 
average range of Ar ions to be around 140 nm, while 
the accompanying lattice damage has an asymmetric 
distribution with a maximum around 90 nm. Doppler 
broadening measurements have been carried out on these 
samples as a function of positron beam energy and the 
results are shown in Figure 7. The sample depth cor¬ 
responding to the respective positron beam energy is 
indicated on top axis. The un-irradiated Si sample has 
low iS-parameter at the surface and it increases slightly 
with depth before levelling off in the deeper layers. 
The variation of 5-parameter for Si irradiated with 
5 X 10*^ Arcm^ is also shown in Figure 7. As compared 
to the un-irradiated case, the irradiated sample shows a 
large increase in 5-parameter around of 3.5 keV which 
corresponds to a depth of maximum defect concentration 
induced by ion irradiation. Beyond of 3.5 keV, the 
5-parameter gradually decreases and attains un-irradiated 
values at E^ of 12keV. Thus, the present LEPB experi¬ 
ments indicate that 140 keV Ar ions create a lattice 
damage in Si which starts from the surface, peaks around 
100 nm and spreads up to a depth of 1000 nm. Having 
established slow positron sensitivity to the presence of 
non-uniform defect distribution in the sample induced 
by Ar ion irradiation, experiments are in progress to 


Depth (nm) 
0 100 500 1000 


T 


★ 

★ 


T 


T 


2000 
T 


• 

••••• Si(^lll) 

Ar irradiated Si(.lll) 


Summary and conclusions 

Monoenergetic positron beams of tunable low energy 
have emerged as a viable defect spectroscopic tool for 
our understanding of the characteristics of thin-layered 
structures, interfaces and multi-layers, because of their 
non-destructive nature and depth-resolved defect sensi¬ 
tivity. The salient design features of the positron beam 
facility at our laboratory are its UHV compatibility, 
compactness, electrostatic beam extraction, magnetic 
transport and post-transport acceleration to the desired 
energy. Successful functioning of various in-house 
designed and installed subsystems has led to the smooth 
commissioning and satisfactory performance of the 
integrated system as a research grade facility. Experi¬ 
mental results in terms of slow positron studies on Cu 
surfaces, semiconductor interfaces and ion beam-induced 
defect profiling in semiconductors have been presented. 
These show the capability of the technique for a detailed 
characterization of many modern thin film materials, 
which are of technological importance. Lastly, the 
development and operation of the present LEPB facility 
opens up the possibility for future developments of 
brightness enhanced microbeams towards realizing low 
energy positron diffraction^'’ (LEPD), positron-induced 
Auger electron spectroscopy^^ (PAES) and positron 
reemission microscope (PRM)^^, which have potential 
applications in the area of surface research. 
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Nuclear protein tyrosine phosphatases and 
control of cell proliferation 

Vegesna Radha and Ghanshyam Swarup 

Centre for Cellular and Molecular Biology, Uppal Road, Hyderabad 500 007, India 


Apart from playing a role in signal transduction 
pathways, tyrosine phosphorylation has more recently 
been shown to regulate nuclear events such as cell 
division cycle and transcription factor activity. Mem¬ 
bers of the family of protein tyrosine kinases and 
protein tyrosine phosphatases (PTPases) that may be 
responsible for this regulation have been shown to 
localize in the nucleus. The nuclear PTPases are of 
particular interest because of their role in regulating 
cell proliferation. One of them, PTP-S2 enhances cell 
proliferation and has the unique property of binding 
to DNA. Many of the nuclear PTPases are induced by 
mitogens and may act as either positive or negative 
regulators of cell proliferation, making them potential 
candidates for oncogenes and antioncogenes (tumour- 
suppressor genes), respectively. 


Phosphorylation and dephosphorylation of proteins 
catalysed by protein tyrosine kinases (PTKs) and protein 
tyrosine phosphatases (PTPases) play a central role in 
cellular functions such as response to external stimuli, 
cell growth and differentiation*. Since tyrosine phospho¬ 
rylation of proteins in vivo is a transient and reversible 
event, it is particularly important that the activities of 
these enzymes are stringently regulated. The PTPases 
have gained significance as regulatory enzymes because, 
apart from dephosphorylating substrates phosphorylated 
by the PTKs, the activities of many PTKs and protein 
serine (or threonine) kinases (PSKs) are dependent upon 
dephosphorylation of specific tyrosine residues*. The 
PTPases are conserved in evolution and are present in 
species as divergent as viruses, bacteria, yeast, inverte¬ 
brates and mammals^'*. 

Structurally all members of protein tyrosine phos¬ 
phatase superfamily share an active site motif consisting 
of a cysteine and an arginine separated by 5 other amino 
acids^’^ This motif Cx^R (where x is any amino acid) 
forms a distinct cradle, the phosphate-binding loop, at 
the active site. Mutation of cysteine to any other amino 
acid inactivates the enzyme. Biochemically the PTPases 
are characterized by their sensitivity to vanadate and 
pervanadate, insensitivity to inhibitors of serine, threonine 
phosphatases (PSPases) such as okadaic acid, ability to 
hydrolyse />nitrophenyl phosphate and lack of depend¬ 
ence on metal ions'^'^’^ With the availability of sequence 
of over 150 members, a classification of PTPase super- 
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family based on amino acid sequence comparisons, three- 
dimensional structure and function has been proposed. 
PTPase superfamily can be divided into four families. 

Tyro sine-specific phosphatase (FTP) family. These en¬ 
zymes are divided into two groups - the transmembrane 
enzymes (such as CD45) located at the plasma membrane 
that serve to transmit signals from the external envi¬ 
ronment to the cell interior, and the intracellular enzymes 
that are targeted to specific subcellular locations and 
serve to regulate intracellular activities'^. The intracellular 
PTPases are characterized by the presence of a catalytic 
domain of about 250 amino acids and non-catalytic 
sequences at the N or C-terminal that serve a regulatory 
function and attribute unique properties to various mem¬ 
bers of this class of enzymes^. Figure 1 depicts the 
localization of PTPases to various subcellular domains 
achieved by their interaction with different cellular 
organelles/components. 

VHI-like dual specificity phosphatase family. Members 
of this family show very little sequence identity (5%) 
with PTP family members. This group of enzymes can 
dephosphorylate Ser, Thr and Tyr but prefer Tyr. VHl 
phosphatase is coded by vaccinia virus late HI gene 
and it was the first tyrosine phosphatase identified which 
could also hydrolyse phosphothreonine and phospho- 
serine*". This family of enzymes includes PAC-1, CLIOO 
and other related proteins (MKP-2, MKP-3) which 
dephosphorylate MAP kinases**. Some of these enzymes 
have been found in the cell nucleus**’*^. 

Cdc25 phosphatase family. The cell division cycle gene 
Cdc25 of fission yeast codes for a dual specificity 
phosphatase which dephosphorylates Tyr 15 of Cdc 2 
protein kinase and activates it*"*. In mammalian cells, 
three Cdc25 enzymes Cdc25A, Cdc25B and Cdc25C are 
known which dephosphorylate both Tyr 15 and Thr 14 
of cyclin-dependent kinases (CDKs) in the cell nucleus*'**. 
The active site sequence of Cdc25 enzymes is very 
different from those of VHI-like family, although both 
family members have Cx^R motif. 

The low-molecular weight phosphatase family. These 
enzymes were originally described as acid phosphatases 
which were subsequently found to dephosphorylate phos- 
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Subcellular localization of FTPases 



Figure 1. Localization of PTPases in the cell: Cartoon of an eukaryotic cell depicting the localization of 
transmembrane and intracellular PTPases. The transmembrane enzymes (depicted black) have extracellular ligand 
binding and intracellular catalytic domains, The intracellular enzymes localize to the cytoplasm (depicted purple) or 
nucleus (depicted red) and associate with various intracellular structures as ER (endoplasmic reticulum), Csk 
(cytoskeleton), PM (plasma membrane), NM (nuclear matrix), DNA or chromatin and nucleolus. 


photyrosine preferentially*^ These enzymes show no 
sequence similarity to other PTPases except for the 
presence of Cx^R motif. The active site structure of 
these enzymes shows similar arrangement of secondary 
structure elements as found in PTPases, suggesting that 
they possibly represent convergent evolution'"^. 

The earliest members of PTKs and PTPases that were 
identified were the membrane bound or cytoplasmic 
enzymes leading us to believe that tyrosine phosphory¬ 
lation plays a role in receiving external stimuli and 
transmission across the cytoplasm. But in the present 
decade, considerable progress has been made towards 
our understanding of the role played by tyrosine phos¬ 
phorylation in nuclear events such as cell division cycle 
and transcription. Examples of PTKs and PTPases that 
localize to the nucleus and thereby regulate nuclear 
functions have been identified and the properties of 
nuclear PTKs have been recently reviewed*^ In the 
present review, we wish to highlight the unique features 
of nuclear tyrosine phosphatases and their role in control 
of cell proliferation. 

Nuclear proteins phosphorylated at tyrosine 

Many nuclear proteins that play a role in cell cycle 
CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 


control or as transcription factors have been shown to 
be regulated by tyrosine phosphorylation (Table 1). 
Phosphorylation at tyrosine controls their interaction with 
other molecules, translocation to the nucleus from the 
cytoplasm, enzymatic activity, DNA binding and tran¬ 
scriptional activity. Table 1 shows that most of the 
nuclear proteins phosphorylated at tyrosine function as 
either protein kinases or transcription factors. Wherever 
identified, the kinase and phosphatase responsible is 
indicated. The dual dephosphorylation of CDKs at Tyr 
and Thr serves to activate them and overcome checkpoints 
for transition from Gj to S and to M phases of the 
cell cycle*"^. In eukaryotic cells, many members of the 
CDK family have been identified, but the,specific phos¬ 
phatases that act on them are, in most cases, not known. 

Signal transduction across the cytoplasm in response 
to growth factors, cytokines or stress, could follow two 
alternate pathways In one pathway a chain of protein 
kinases is serially activated that results in the trans¬ 
location of MAP kinases (mitogen-activated protein 
kinases) to the nucleus. Within the nucleus these MAP 
kinases phosphorylate transcription factors leading to 
transactivation of several genes. In the alternate pathway, 
the transcription factor or its associated molecules are 
directly phosphorylated by tyrosine kinases at the cell 
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membrane or cytosol, which are then translocated to 
the nucleus as in the case of signal transducer and 
activator of transcription (STAT) proteins which serve 
the dual functions of signal transducers and activators 
of transcription^'. The DNA binding and transcriptional 
activation of STATs are modulated by tyrosine phos¬ 
phorylation. Within the nucleus, the MAP kinases which 
are phosphorylated at Tyr and Ser/Thr, are inactivated 
by MAP kinase phosphatases (MKP-1,2,3) which are 
dual specificity enzymes that act specifically on the 
various homologues of MAP kinases". 

Because tyrosine phosphorylation is required for 
nuclear translocation and transactivation potential of 
STATs, a nuclear tyrosine phosphatase is a likely can¬ 
didate to mediate shutting off of the transcriptional 
response. Using inhibitors, the involvement of PTPases 
has been shown, but no specific enzyme that dephos- 
phorylates STATs has been identified^^. Inhibition of 
tyrosine dephosphorylation of STAT 1 results in en¬ 
hancement of the antiproliferative activity of y interferon, 
indicating that inactivation of the signal requires the 
activity of tyrosine phosphatases*^. 


Table 1. Nuclear proteins phosphorylated at tyrosine 


Substrate class 

Kinase 

Phosphatase 

CycHn-dependent kinases 

Weel, 

Cdc25A, B, C 

Cdkl (cdc2) 

Mikl, 


Cdk2, Cdk3, Cdk4, 

Mytl, 


Cdk5, Cdk6 

c-Src, 

Lyn, 

Lck 


Mitogen-activated protein 

MEK 

PACl, MKPl, 

(MAP) kinases 

ERKl, ERK2, ERK3, 
JNK/SAPK 

RK/p38 


MKP2 

Signal transducer and 

Jakl, 

Unknown 

activator of transcription 

Jak2, 


(STAT) proteins 

Stat 1, Stat 2, Star 3, Tyk2 
Stat 4, Stat 5a, Stat 5b, 

Stat 6 

Jak3, 


Steroid hormone receptors 


Unknown 

Estradiol receptor 

Glucocorticoid receptor 
Retinoic acid receptor 
Thyroid hormone receptor 

Src, 

estradiol 

receptor 

kinase 


RNA polymerase 11 

C-Abl 

Unknown 

HNF-4 (hepatocyte 
nuclear factor) 

Protein tyrosine kinases 


Unknown 

pl40/c-Abl. 

p56*y", 

p53’y" 

Unknown 



Tyrosine phosphorylation modulates ligand binding 
and dimerization of the estradiol receptor and it has 
been shown that Src and a kinase purified from the 
cytosol phosphorylate the receptor^''”^*^. Though a nuclear 
tyrosine phosphatase activity has been shown to be 
required for estradiol receptor inactivation^", the specific 
enzyme involved has not been identified. Other hormone 
receptors (Table 1) have also been shown to be phos¬ 
phorylated at tyrosine, but the enzymes responsible are 
not known^'^"^'. Tyrosine phosphorylation of RNA 
polymerase II carboxy terminal domain has been impli¬ 
cated in the control of cell cycle dependent transcription 
of specific genes^^. The nuclear PTK, c-abl has been 
shown to phosphorylate RNA polymerase Abl itself 
is a nuclear tyrosine kinase that is phosphorylated on 
tyrosine and this modification is essential for its DNA 
binding^"^. Tyrosine phosphorylation determines the 
localization of HNF4 to specific intranuclear compart¬ 
ments and affects its DNA binding and transactivation 
potentiaP^ In most instances of transcription factor 
activity being regulated by tyrosine phosphorylation, 
phosphorylation enhances transcription and dephospho¬ 
rylation decreases it. But tyrosine dephosphorylation has 
been shown to enhance the binding of TGF/3 responsive 
factor to its elements and increase a2(l) collagen gene 
expression, indicating that in this case, phosphorylation 
at tyrosine is inhibitory to transcriptional activation^^. 

PTP-S: A nuclear tyrosine phosphatase that 
binds DNA 

The first intracellular tyrosine phosphatase to be cloned, 
TC-PTP and its rat and mouse homologues - PTP-S and 
MPTP are ubiquitously expressed enzymes^^“'^‘^. These 
proteins have a conserved catalytic domain at the N- 
terminus and non-catalytic domain at the C-terminus 
that exhibits several unique properties. Analysis of the 
PTP-S gene structure and other experiments showed that 
alternate splicing gives rise to four different transcripts 
in murine cells while only two forms are generated in 
human cells due to a mutant splice site"'^'. The four rat 
isoforms have been denominated PTP-S 1, S2, S3 and 
S4 and will be referred to with this nomenclature. MPTP, 
the mouse form and TC45, the human form are 
homologous to PTP-S2 and human TC48 or TC-PTP is 
homologous to PTP-S4. PTP-S2 is the major form in 
most tissues and cell lines examined and PTP-S4 is 
present at 2-10 fold lower levels than PTP-S2 (ref. 41). 
The last six amino acids of PTP-S2 are replaced by 34 
amino acids (mostly hydrophobic) in PTP-S4 (Figure 
2). PTP-S 1 and PTP-S3 are minor transcripts similar to 
PTP-S2 and PTP-S4 forms respectively, but lack 19 
amino acids (exon El) in the non-catalytic domain 
arising from alternate splicing'"'. 

Subcellular localization of PTP-S gene products has 
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been analysed in detail. In indirect immunofluorescence 
experiments, cellular PTP-S polypeptides are predomi¬ 
nantly localized to the nucleus'^^’'^^ Subcellular fractiona¬ 
tion showed that they are present in the nucleus as well 
as cytosol; within the nucleus PTP-S polypeptides are 
largely associated with chromatin and a small fraction 
with the nuclear matrix'll These studies were performed 
using a monoclonal antibody that recognizes both the 
major forms, PTP-S2 and PTP-S4. But when the loca¬ 
lization of these forms was examined individually in 
transient transfection experiments, PTP-S2 was localized 
exclusively to the nucleus with prominent nucleolar 
staining'^^ PTP-S4 localized to cytoplasmic membranes 
(such as endoplasmic reticulum) with prominent staining 
of the nuclear periphery (Figure 3). Fractionation of 
cells expressing exogenous PTP-S2 or PTP-S4 forms 
showed that PTP-S2 is chromatin bound in the nucleus, 
while a majority of PTP-S4 is present in the post-nuclear 
supernatant and the small amount of PTP-S4 in the 
nucleus is associated with the nuclear matrix. PTP-S4, 
but not PTP-S2 interacts strongly with the isolated 
nuclear matrix'^^ 

An interesting and unique property of PTP-S2 is that 
it binds to double-stranded and single-stranded 
The DNA-binding domain has been localized to C-ter- 
minal 57 amino acids which are essential and sufficient 
for DNA-binding. PTP-S4 does not bind to DNA even 
though it possesses the DNA binding domain, except 
for the last six amino acids present in PTP-S2 (ref. 41). 
Experiments performed using a deletion construct of 
PTP-S4 lacking the C-terminal 34 amino acids (APTP-S4) 
(Figure 2) showed that the absence of this domain makes 
the PTP-S4 form capable of binding to DNA and 
localizing to the nucleus just like the PTP-S2 form'^^ 
It appears as if the hydrophobic tail of PTP-S4 overrides 
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Figure 2. Schematic presentation of PTP-S2, PTP-S4 and a deletion 
mutant. Numbers at the top (I, 216, 376, 382, 410) indicate amino 
acid position. Exons in the G-terminal domain El, E2, FI, F2 and G 
are indicated. Amino acid sequence of C-terminal exons is shown in 
single-letter code. Last six amino acids of PTP-S2 (exon G) are 
replaced by 34 amino acids (exon F2) in PTP-S4. C216 indicates 
cysteine at position 216 which is essential for catalysis. 
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the nuclear location signals (NLS) and DNA-binding 
domain by masking it. This possibility appears likely 
as it has been shown that the C-terminal 34 amino 
acids is not sufficient for targeting to endoplasmic 
reticulum in the case of the human protein"^^. It has also 
been found that while PTP-S2 exists as a monomer, 
PTP-S4 forms a multimer, the hydrophobic C-terminal 
sequences being responsible for its multimerization'^^ It 
is possible that in the process of intermolecular and 
intramolecular interaction, the DNA-binding domain and 
NLS get masked. 

The hydrophobic sequences of PTP-S4 have also been 
shown to regulate the substrate preferences of this iso¬ 
form; PTP-S 2 prefers acidic substrate whereas PTP-S4 
shows preference for basic substrate'^^ Though all these 
properties have not been studied using the human homo- 
logues it has been shown that TC-PTP p48 and p45 



Figure 3. An optical section showing subcellular localization of 
PTP-S2 and PTP-S4, as revealed by using a laser confocal scanning 
microscope. Cells were transfected with appropriate plasmids and then 
stained with a monoclonal antibody against PTP-S. FITC conjugated 
second antibody was used for visualization. Upper panel shows HeLa 
cells transfected with PTP-S2. Within the nucleus prominent staining 
of nucleoli is seen. Lower panel shows PTP-S4 in COS-1 cells. 
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show localization patterns similar to the rat forms with 
the exception that the human homologue is excluded 
from the nucleoli"^^. The possible significance of nucleolar 
localization of murine PTP-S2 is not evident. The primary 
structure does not indicate the presence of any known 
nucleolar localization signals. However, it is possible 
that a signal for nucleolar localization may be present 
in rat and mouse PTP'-S2, but it may be nonfunctional 
in the human homologue. Nuclear localization signals 
have been identified in mouse and human PTP-S2 which 
are located in the basic DNA-binding domain'^^’'^^ Table 
2 lists some of the properties of the two forms PTP-S2 
and PTP-S4. 

The domain structure of non-catalytic region of PTP-S4 
(and human TC PTP) has striking resemblance with 
those of sequence specific DNA-binding proteins. The 
basic domain with sequences that can bind DNA have 
been shown to have homology with transcription factors 
Fos and Jun^^ This domain is followed by a hydrophobic 
tail which functions as an oligomerization domain. 
Although PTP-S4 does not bind to non-specific double- 
stranded or single-stranded DNA, the possibility that it 
could interact with specific sequences of DNA has not 
been explored. 

Drosophila nuclear tyrosine phosphatase 

dPTP61F, a Drosophila gene encodes two forms of 
intracellular tyrosine phosphatases, generated by alternate 
splicing that localize to the nucleus or the cytoplasmic 
membranes"^^. The 3' end of this gene (that localizes to 
61F position of polytene chromosomes) contains an 
alternate splice §jte in exon VII that generates a form 
with either a %dfophobic tail of 24 amino acids 
(p61/62 m) or a hydrophilic tail of 11 amino acids 


Table 2. Properties of PTP-S2 and PTP-S4 


PTP-S2 

PTP-S4 

Monomer 

Probably tetramer, no monomer seen 

Binds to non-specific DNA, 
RNA; through basic domain 

Does not bind to DNA, RNA 
although it has the ba.sic domain 

Prefers acidic substrate, ba.sic 
substrate is a poor substrate 

Prefers basic substrate 

Present in the nucleus 

Perinuclear and cytoplasmic staining 

Induced during liver regenera¬ 
tion after 6 h 

Induced after 6 h but to a greater 
extent than PTP-S2 

Deletion of non-catalytic 
domain increases activity 
towards poly Glu, Tyr 

Deletion of C-terminal 34 amino 
acid decreases activity towards basic 
substrate but increases activity 
towards acidic substrate 

Overexpression increases cell 
proliferation 

Not yet known. Human homologue 
has no effect on cell proliferation 

Binds with very poor affinity 
to isolated nuclear matrix 

Binds well to isolated nuclear matrix 
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(p61/62 n). Using pNPP as a substrate, it was shown 
that the catalytic activity of the two forms do not differ. 
Transfection of Cos-1 cells with expression vectors 
containing the two cDNAs showed that p61/62m is 
localized to the reticular network and mitochondria-like 
organelles whereas p61/62n showed nuclear staining, the 
nucleoli being excluded. Using chimeric molecules it 
was shown that the 24 C-terminal amino acids unique 
to p61/62m could target to cytoplasmic membranes, but 
the 11 amino acids unique to p61/62n could not target 
a fusion protein to the nucleus, though the C-terminal 
53 amino acids are capable of conferring nuclear local¬ 
ization. There are three small stretches of basic amino 
acids common to both forms that could function as 
NLS, but the presence of the hydrophobic tail in p61/62m 
may be acting dominantly to retain the protein on 
cytoplasmic membranes. 

The C-terminal non-catalytic sequence of these en¬ 
zymes has five proline-rich motifs that align with the 
consensus for SH3 domain binding. Using the nuclear 
form of dPTP in a yeast 2 hybrid system, Dock, a 
novel adaptor protein homologous to mammalian onco¬ 
protein Nek was identified"^^. dPTPn interacts through 
its proline containing sequence with the SH3 domains 
of Dock. In the Drosophila embryo, the expression of 
Dock and dPTP overlap, localizing predominantly to the 
central nervous system. Though Dock is not a substrate 
of dPTP, two other tyrosine phosphorylated proteins of 
190 and 145 kDa that may be likely substrates have 
been identified to complex with Dock. Drosophila Dock 
is a protein essential in photoreceptor axon guidance 
and tyrosine phosphorylation plays a crucial role in 
nervous system development suggesting a role for dPTP 
in nervous system guidance mechanism. 

PRL-1: Phosphatase of regenerating liver 

One of the genes identified as an immediate early gene 
in regenerating liver and mitogen treated fibroblasts was 
PRL-1, an intracellular tyrosine phosphatase'*^^ This en¬ 
zyme differs from other members of the family in 
possessing essentially only the catalytic phosphatase 
domain of 173 amino acids. Expression of PRL-1 is 
high in several tumour cell lines, but low in proliferating 
nontumourigenic cells. The endogenous protein as well 
as exogenously expressed PRL-1 localize to both the 
nucleus and cytoplasm. Subcellular fractionation showed 
that it is present in a Triton insoluble nuclear fraction 
and could be solubilized by high salt. These features 
suggest that it is not a soluble nucleoplasmic protein, 
but is associated with nuclear structures, possibly chro¬ 
matin. PRL-1 is a basic protein with highly basic 
stretches (that could serve as NLS) raising the possibility 
of its association with DNA. 

Expression of PRL-1 in NIH 3T3 cells resulted in 
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multinucleate cells of abnormal morphology. Stable 
clones expressing moderate levels of the protein showed 
enhanced growth rate, increased saturation density and 
anchorage independent growth. The potential substrates 
of PRL-1 are yet to be identified. More recent studies 
have shown that PRL-1 is significantly expressed in 
intestinal epithelia and in contrast to its expression 
pattern in liver, expression in the intestine is associated 
with cellular differentiation"^'^. It is expressed in the villus 
(but not in crypt enterocytes) and in confluent differ¬ 
entiated, but not in proliferating undifferentiated Caco-2 
colon carcinoma cells. These findings suggest that this 
enzyme has differing functional roles in different tissue 
systems. / 


FLPl (Fetal liver phosphatase) 

This is a novel member of the intracellular tyrosine 
phosphatases that has an N-terminal catalytic domain 
followed by a C-terminal 160 amino acid non-catalytic 
domain^^\ Its expression is restricted to the thymus 
during the fetal stage, but is expressed in the kidney 
and hematopoietic tissues in adult mice. This enzyme 
is localized to the nucleus in Ba/F3 lymphoid cells. 
Ectopic expression of a catalytically inactive mutant 
inhibited TP A induced differentiation of the progenitor 
cell line K562, suggesting a role for this enzyme in 
differentiation. 


PEST containing phosphatases 

This is a subfamily of intracellular phosphatases that is 
characterized by the presence of PEST (proline, glutamic 
acid, serine, threonine) enriched sequences in the non- 
catalytic region. One of them, PEP, in transfected HeLa 
cells, localized to the nucleus with no nucleolar staining 
and the C-terminal 18 amino acids were identified by 
deletion and domain swap experiments to confer nuclear 
localization^'. But in Cos-1 cells, full length PEP showed 
cytoplasmic localization upon transfection indicating that 
subcellular localization may vary with cell type, trans¬ 
fection protocol and physiological status of the cells^^. 
PEP expression does not change during the cell cycle, 
but in B lymphocytes, PEP mRNA is induced upon B 
cell receptor ligation and PEP protein in the nucleus 
increased considerably, though the levels in cytoplasm 
did not change. Transfection of antisense RNA particu¬ 
larly reduced the nuclear protein and counteracted the 
anti-IgM induced growth arrest and apoptosis. Three 
other closely related phosphatases PTP-PEST, PTP-Kl 
and BDP-1 possess NLS similar to PEP but localize 
predominantly to the cytoplasm, though PTP-Kl also 
shows nuclear localization^^"-'’^ Another member of this 
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family cloned from hematopoietic progenitor cells is 
homologous to PTP-PEP in the region involved in 
nuclear localization and is localized to the nucleus in 
these cells^^ This phosphatase is expressed at minimal 
levels in many adult tissues, but is expressed at high 
levels in several milrine hematopoietic progenitor cell 
lines. Upon differentiation, its mRNA is down regulated 
indicating a role for this enzyme in maintenance of the 
undifferentiated state of the hematopoietic stem cells. 
CSK, a cytoplasmic PTK has been shown to associate 
with PEP, but as yet no physiological role has been 
attributed to this association^^. 


Dual specificity phosphatases 

Cdc25 was first identified in yeast as a gene essential 
for entry into mitosis and was later found to be a dual 
specificity phosphatase'^ Cdc25 is a predominantly 
nuclear protein in mammalian ceils and is excluded from 
condensed chromosomes during mitosis^^. Mammalian 
cells were later found to have three homologues A, B 
and C showing differences in subcellular localization 
and functioning at different phases of the cell cycle'^. 
Mouse fibroblasts stably transfected with Ha-Ras and 
Cdc25A show that 5-10% of the Cdc25 protein is 
associated with the plasma membrane and the majority 
of the protein which is nuclear is not extracted by 1% 
NP-40 (ref. 58). This suggests that Cdc25A is not a 
nucleoplasmic protein, but is associated with nuclear 
structures like chromatin or nuclear matrix. In interphase 
cells, Cdc25B shows granular intranuclear staining. It 
accumulates in the cytoplasm in late G2 and functions 
to activate the cytoplasmic pool of Cdc2/Cyclin B 
responsible for microtubule nucleation at the centro- 
somes^^. But, by itself, Cdc25B does not associate with 
either the microtubule network or centrosomes. Exo¬ 
genously expressed Cdc25B in HeLa cells, Cos cells or 
fibroblasts does accumulate in the nucleus, the nucleolus 
remaining excluded. Cdc25C is present in the nucleus, 
but mostly in the nucleoplasm, not tightly associated 
with nuclear structures and therefore easily extracted 
under mild lysis conditions. It is presumed that Cdc25C 
acts on the nuclear pool of Cdc 2/Cyc B whereas 
Cdc25B acts on the centrosomal Cdc2. 

Cdc25B shows changes in expression during the cell 
cycle, rapidly accumulating at prophase and turning over 
at the end of mitosis, unlike Cdc25A and C isoforms 
which are present at constant levels throughout the cycle 
in growing HeLa cells, though they act at specific points 
in the cell cycle^^’^'^’^". But when quiescent fibroblasts 
are stimulated, expression of Cdc25A is growth factor 
responsive, peaking by 3 h after stimulation. Cdc 25A 
has been shown to act on the G1 phase kinase Cdk4 
and reverse its tyrosine phosphorylation^’'. 
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MAP kinase phosphatases 

Members of the MAP kinase phosphatases (MKPs) family 
of enzymes possess the canonical signature sequence of 
tyrosine phosphatases, but exhibit catalytic activity 
towards both phosphotyrosine and phosphothreonine in 
MAP kinase substrates. They share a conserved catalytic 
domain at the C-terminal, but exhibit considerable 
sequence diversity at the N-terminal. Differential expres¬ 
sion in a variety of cell types in response to various 
extracellular stimuli suggests that each member plays a 
distinct role in regulation of the various MAP kinase 
family members involved in different signal transduction 
pathways^“. Sequence analysis showed the presence of 
putative NLS in these enzymes. One of the first members 
to be identified, PAC-1 was shown to be a nuclear 
protein with uniform pattern of strong punctate staining 
with the nucleolus excluded'^. Other members of this 
class have been isolated from diverse group of organisms 
including viruses, yeast and mammals and have been 
shown to be nuclear enzymes, but studies on their 
subnuclear localization are lacking^ Another common 
property shared by these enzymes is rapid induction 
upon mitogenic stimulation. 

More recently, other members of this family of dual 
specificity phosphatases have been identified that have 
substrate specificity towards MAP kinases and its homo- 
logues, but are not inducible by either mitogens or stress 
(pyst 1 and MKP-3)^^’^^. They are localized to the 
cytoplasm and unlike the nuclear enzymes, are unable 
to block either the stress-mediated activation of INK in 
vivo or to inhibit nuclear signalling events. These en¬ 
zymes are likely to act on the cytoplasmic pool of the 
MAP kinase family members. 

The requirement for phosphorylation at both Tyr and 
Thr for activation of MAP kinases has been shown in 
vitro. Dephosphorylation at either Tyr or Thr is sufficient 
to inactivate MAP kinases. In some instances it has 
been shown that protein serine, threonine phosphatases 
(PSPs) and PTPs also act on MAP kinases and dephos- 
phorylate either the Thr or the Tyr residues, thereby 
inactivating them^'^’^^ In vivo, this could result in inte¬ 
gration of signalling pathways at the level of MAP 
kinase. 

Induction of nuclear tyrosine phosphatases 
upon mitogenic stimulation 

Mitogenic stimulation of resting cells or exposure of 
responsive cells to cytokines or stress results in rapid 
induction of several genes prior to the initiation of fresh 
protein synthesis^^. Such genes have been classified as 
immediate early genes and majority of them encode 
nuclear proteins like transcription factors and proteins 
required for progression through the cell cycle. Screens 


set up to identify such genes resulted in the identification 
of a novel class of tyrosine phosphatases that localize 
to the nucleus and dephosphorylate proteins at both 
Ser/Thr or Tyr residues (MKP family)^^’^^. Further studies 
showed that these enzymes function to dephosphorylate 
MAP kinase and its homologues and are induced upon 
mitogenic stimulation and in stress response to arrest 
the transcriptional activation initiated by the MAP 
kinases. Their properties have recently been reviewed^^ 

Apart from the dual specificity phosphatases, some 
of the intracellular tyrosine phosphatases are also induced 
upon mitogenic stimulation. Con A stimulation of rat 
splenocytes results in the stabilization of PTP-S mRNA 
leading to increased levels of PTP-S in stimulated cells^^ 
Studies on regenerating liver and cells in culture have 
shown that PTP-S isoforms are present at very low 
level in resting cells and increase several fold upon 
entry into G1 phase, reaching maximum levels prior to 
the start of S phase^^ More recently using RT-PCR 
(reverse transcription-polymerase chain reaction), it has 
been shown that both the major forms of PTP-S, PTP-S2 
and PTP-S4 are induced during liver regeneration by 6 
h after partial hepatectomy'^^ Though the time course 
of induction suggests that PTP-S is a delayed early 
gene, its mRNA is superinduced upon treatment of 
lymphocytes with cycloheximide^^. While many genes 
show a transient spate of induction, mRNA and protein 
levels of other mitogen-induced genes remain elevated 
for extended periods during the cell cycle. PTP-S levels 
have been shown to change from GO to S transition, 
but remain essentially constant in all phases of cycling 
cells^^ 

PRL-1 is the other nuclear tyrosine phosphatase that 
is induced in mitogen-treated cells and also in the 
presence of protein synthesis inhibitors'^*. It is an im¬ 
mediate early gene and in regenerating liver its mRNA 
is induced within 30 min reaching peak levels after 3 h 
of partial hepatectomy. Its expression is not limited to 
the G1 phase of the cell cycle and remains elevated 
throughout the growth response. PRL-1 nuclear protein 
levels in regenerating liver parallel those of its mRNA, 
though its peak occurs just before S phase. PTP-PEST 
shows induction of mRNA within 6 h of partial hepatec¬ 
tomy, decreases to normal levels by 24 h and increases 
again at 48-72 h (ref. 69). Analysis of the genes for 
some of the mitogen-induced phosphatases showed the 
presence of sequences (in the promoter region) respon¬ 
sible for the regulated induction of these genes*^^. 

The fact that many tyrosine phosphatases are immediate 
early genes suggests that these genes are likely to be 
primary targets of mitogenic signal transduction path¬ 
ways. While some of these nuclear enzymes are triggered 
to arrest the signalling pathways (MKP family) and act 
as negative regulators of cell proliferation, others like 
PTP-S2, PRL-1 and Cdc25 act as positive regulators. 
On the other hand, growth inhibitory signals could also 
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act by suppressing the phosphatases acting as positive 
regulators. Treatment of Daudi cells with Ifna results 
in sharp reduction in Cdc25A mRNA and this may be 
the mechanism accounting for the rapid reduction in 
activity of Cdk2 complexes^ ^ 

Regulation of cell proliferation by PTPases 

The physiological role of many of the intracellular 
phosphatases has been investigated by overexpressing 
them in cell lines and monitoring the consequences on 
cell proliferation. Since the level of tyrosine phospho¬ 
rylation is crucial to maintenance of cellular homeostasis, 
it has been relatively difficult to obtain stable cell lines 
that overexpress tyrosine phosphatases. In most instances, 
high levels of overexpression lead to toxicity and thereby 
surviving stable clones are usually moderate expressors 
of the enzymes. 

Overexpression of a PTPase can lead to a variety of 
effects on cell growth and morphology depending on 
the cell type and the PTPase gene employed in the 
experiment. In general, overexpression of nuclear 
PTPases results in increase in cell proliferation, whereas 
dual specificity phosphatases can increase or decrease 
cell growth. PRL-1, when overexpressed in NIH 3T3 
cells, resulted in cells with abnormal morphology and 
multiple nuclei'*^ The stable PRL-1 expressing clones 
showed enhanced growth rates and higher saturation 
density and were capable of forming colonies in soft 
agar and tumours in nude rice, though not with the 
same efficiency as V-src transfected cells. 

Expression of TCPTP, the human homologue of PTP- 
S4 in BHK cells does not show any altered phenotype, 
but expression of a truncated enzyme that is active in 
vivo leads to cytokinetic failure with the cells exhibiting 
a multinucleate phenotype’^“. But when this truncated 
form is expressed in V-fms oncogene transformed Rat2 
cells, there is a suppression of the transformed phenotype 
as evident from the loss of anchorage independent growth 
and reduced tumour formation in nude mice^^. The full 
length protein does not show these effects. Therefore 
the effects of truncated TC-PTP (which is cytosolic) on 
cell physiology are unlikely to mimic the cellular function 
of full length TCPTP. Rat PTP-S2, the nuclear ispform 
of the same gene, when transfected into either COS-1 
or HeLa cells, gave rise to a greater number of large 
G418 resistant colonies compared to the control plasmid 
indicating that it enhances cell proliferation. Stable cell 
lines of HeLa expressing the full length rat PTP-S2 
show enhanced growth rates and lower serum requirement 
compared to control cells^"^. These clones show altered 
morphology in confluent cultures and develop larger 
colonies in soft agar assays. 

The dual specificity MKP family members dephos- 
phorylate MAP kinases and inactivate them. Constitutive 
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expression of MKP-1 blocks G1 specific gene transcrip¬ 
tion and therefore inhibits DNA synthesis and cell 
proliferation’^ In several systems it has been shown 
that down regulation of MKP-1 is necessary for prolif¬ 
eration of cells’^. But the other class of dual specificity 
phosphatases involved in cell cycle regulation, Cdc25 
homologues are positive regulators of cell proliferation 
and cooperate with oncogenes in transforming primary 
rodent fibroblasts”. Cdc25A gene contains Myc/Max- 
binding sites and its mRNA is induced following acti¬ 
vation of Myc (ref. 78). Using deletion mutants of Myc, 
it has been shown that the oncogenic properties of Myc 
depend on its ability to induce Cdc25A mRNA, estab¬ 
lishing a link between oncogenes and cell cycle 
machinery. 

Though some enzymes can be clearly defined as either 
positive or negative regulators of cell proliferation, other 
enzymes show opposing effects when expressed in dif¬ 
ferent cell lines. For e.g., PTP-IC, an SH2 domain 
containing phosphatase is predominantly expressed in 
hematopoietic cells where it negatively regulates cellular 
signalling from receptors”^. But when expressed in non- 
hematopoietic cells, it plays a positive role in EGF or 
serum-stimulated mitogenesis^^^ 

In addition to nuclear PTPasbs, some other PTPases 
have been shown to affect cell proliferation. For example 
receptor type PTPase PTPa increases cell proliferation 
whereas LAR-PTP and DEP-1 cause reversion of trans¬ 
formed phenotype and reduction of cell growth^'"*^. 
CD45 has an important role in lymphocyte activation^"^. 
PTP-1, PTP-IB, PTP-MEG are non-receptor type PTPases 
which reduce cell proliferation^^"^^ Overexpression of 
low molecular weight phosphatase causes reduction in 
cell growth of NIH3T3 cells^^ 

PTPases in human disorders 

Accumulating evidence has shown that the PTPases play 
as significant a role as the PTKs in maintaining cellular 
homeostasis. Therefore it is not surprising to find that 
deregulation of tyrosine phosphatases can lead to neo¬ 
plastic and non-neoplastic disorders. A few examples 
where the disease phenotype has been related to altered 
expression or mutations in tyrosine phosphatases are 
discussed below. In instances where altered expression 
is correlated with studies on overexpression in cell lines 
that lead to higher or lower proliferation rate, one could 
envisage that the malignant phenotype is a consequence 
of the deregulated enzyme. Table 3 lists the nuclear 
PTPases known to be associated with malignancy in 
humans and their chromosomal localization. 

Human CDC25A or CDC25B but not CDC25C phos¬ 
phatases are capable of transforming primary rodent 
fibroblast in cooperation with either Ha-RAS or loss of 
RBI (ref. 77). CDC25B is overexpressed in 32% of 
human primary breast cancers tested. Tumour-specific 

. 425 


REVIEW ARTICLES 


Table 3. Nuclear PTPases which may be involved in human disorders 



Chromosomal 




PTPase 

localization 

Abnormality 

Associated disorder 

Ref. 

PTEN 

lOq 23 

Deletions/mutation 

Multiple human cancers 

93, 94 

OV-1 

17q 

LOH 

Sporadic breast and ovarian 

95 

(PRL-1) 



cancers 


Cdc25A 

3p21 


Abnormal in renal, small cell 
lung carcinoma and salivary 
gland tumours 

77 

Cdc25B 

20pl3 

Overexpression 

Breast cancer 

77 

MKP-1 

5q35 

Overexpression 

Epithelial tumours 

90 

(CL-100) 


Deletion/ 

Adult leukaemias and solid 

91 



translocation 

tumours 


PAC-1 

2qll 

Translocation 

Myeloproliferative disorders 
and adenocarcinomas 

91 

hVH-4 

lOqll 


Region of MEN syndrome 
and adult leukaemia 

91 


expression of CDC25B in human breast carcinomas 
correlates with less favourable prognosis and survival. 
Studies carried out so far suggest that CDC25 phos~ 
phatases may contribute to the development of human 
cancer. 

MKP-1 is induced by several oncogenes in the Ras- 
dependent pathways and can inactivate both proliferative 
(through ERKs) and apoptotic signals (through JNKs). 
MKP-1 RNA and protein expression were analysed in 
human epithelial tumours and was found to be over¬ 
expressed in the early phases of prostate, colon and 
bladder carcinogenesis, with loss of expression in 
metastasized tumours^'^^’. But in breast carcinomas MKP-1 
expression was found to be high in all stages. No 
deletions or mutations were found in the MKP-1 gene 
indicating that MKP-1 does not behave as a tumour- 
suppressor in epithelial tumours. MKP-1 expression was 
examined in prostrate cancers, either treated or not 
treated by androgen ablation'^’. In untreated cases, MKP-1 
was overexpressed in the preinvasive stage, but its 
expression decreased with advanced disease stage. In 
the treated cases, MKP-1 expression was down regulated 
and was correlated with apoptosis, indicating that MKP-1 
levels could serve as a prognostic marker in monitoring 
prostrate cancers. Overexpression of MKP-1 in human 
tumours is surprising since this phosphatase causes 
growth inhibition upon overexpression in cell lines. It 
is likely that MKP-1 has positive or negative regulatory 
roles depending upon the type of cell. Three members 
of the MKP family (PAC-1, CLIOO and hVH-4) have 
been found to map to regions frequently involved in 
deletions or translocations in myeloproliferative disorders 
and adeno carcinomas'^^. But it is yet to be established 
whether the transformed phenotype is due to mutations 
in the phosphatase genes. . 


In the above instances, it is not clear whether over- 
expression of the phosphatases is the cause or the effect 
of malignant transformation and which of these enzymes 
actually play an oncogenic role. Phosphatases that play 
a growth-suppressive role in normal cells may lead to 
transformation when either transcriptionally down-regu¬ 
lated or deleted (or mutated). Recently, a gene mutated 
in multiple human cancers that is localized to the long 
arm of chromosome 10 (10q23), was identified to encode 
a protein tyrosine phosphatase, PTEN'^l This enzyme 
shows closest homology to PRL-1 and Cdcl4, which 
are enzymes involved in cell growth regulation. Many 
of the mutations identified mapped to the catalytic 
domain of the enzyme. Mutations and loss of hetero¬ 
zygosity observed in patients indicate that PTEN is a 
candidate tumour-suppressor gene. Further evidence for 
the role of PTEN as a tumour-suppressor gene comes 
from studies showing germline mutations in this gene- 
in Cowden disease, an inherited breast and thyroid cancer 
syndrome'^'^. Human PRL-1 (OV-1) gene is localized to 
long arm of chromosome 17, which is a region that 
shows loss of heterozygosity in sporadic breast and 
ovarian cancers'’^^. 

In addition to the above mentioned nuclear PTPases, 
certain other intracellular PTPases such as PTP-IB, 
PTP-Gl, PTP-N6 and SAP-1 (stomach cancer associated 
phosphatase) may have a role in the development of 
malignancy^^~’"“. The receptor type PTPases, PTP-y and 
HPTPa, are potential candidates for tumour-suppressor 
genes in lung and renal carcinomas'^^’*"^. 

Mapping of tyrosine phosphatases to certain aberrant 
loci does not directly imply their involvement in the 
malignant phenotype, but given the role played by these 
enzymes in growth regulation, they are likely to con¬ 
tribute to the development of human cancer. The PTPases 
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also have a role to play in non-malignant disorders as 
it has been found that the intracellulai* domains of certain 
transmembrane phosphatases are the major targets of 
the autoimmune response in insulin-dependent diabetes 
mellites^^^^’^'^'^. The intracellular PTPases also appear to 
modulate insulin responsiveness by acting on the insulin 
receptor. Mutations in a putative PTPase gene (MTMl) 
have been found in X-linked myotubulai' myopathy, a 
congenital muscular disorder*^^^ It is proposed that this 
gene product is required to mediate action of growth 
factors in myogenic differentiation. 

Concluding remarks and future prospects 

Till the early nineties it was believed that tyrosine 
phosphorylation generally does not occur in the cell 
nucleus. Since then several tyrosine kinases (such as 
c-Abl, Lyn, Wee 1, Mik), tyrosine phosphatases and 
tyrosine phosphorylated proteins have been identified in 
the nucleus. Work in various laboratories including ours 
has clearly shown that nuclear protein tyrosine phos¬ 
phorylation is widespreadIn addition to identification 
of novel PTKs and PTPases in the nucleus, some of 
the previously known cytosolic PTKs have been found 
to be associated to some extent, with the nucleus. For 
example p56‘^" and p53'^" (ref. 106). 

It was believed that in vitro there is no large difference 
in substrate specificity of PTPases, and subcellular lo¬ 
calization restricts or determines substrate specificity in 
vivo. However recent observations from our laboratory 
and others have shown that there are intrinsic differences 
in substrate specificity even in vitro. A particularly 
striking example is provided by the products of PTP-S 
gene, PTP-S2 and PTP-S4, which show very small 
difference in structure but differ greatly in substrate 
specificity and other properties'^' r(Table 2). 

Although several transcription factors have been iden¬ 
tified which are phosphorylated on tyrosine (and Tyr 
phosphorylation in many cases has been shown to affect 
transcription) the role of nuclear PTPases in the regulation 
of transcription is poorly understood. Several PTPases 
and tyrosine-phosphorylated proteins are known to be 
present in the nucleus, but a link between these proteins 
and individual PTPases is yet to be established. 

Nuclear (and other) PTPases may have more complex 
and multiple roles since a single PTPase is likely to 
have many substrates. An indication of complexity is 
provided by PTP-IC which acts as positive and negative 
regulator in different types of cells. In Drosophila, 
genetic evidence shows that protein phosphatase 2A 
positively and negatively regulates the same Rasl 
mediated signalling pathway involved in photoreceptor 
development'^^"^. How a phosphatase can have positive 
and negative regulatory effects in the same pathway 
remains to be elucidated. 


Identification of the role of nuclear and other PTPases 
in signalling pathways would require identification of 
immediate targets (substrates) and distant targets 
(genes/proteins affected by the substrates). Newly emerg¬ 
ing strategies based on identification of interacting pro¬ 
teins by using yeast two hybrid system and substrate 
trapping catalytically inactive mutants should help in 
identifying substrates and distant targets of PTPases. 
These and other approaches are likely to help in defining 
the roles of PTPases in signalling pathways, transcrip¬ 
tional control, cell proliferation and transformation. 
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Soft X-ray microscope: A new biological tool 
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Soft X-ray microscopy is a technique which has 
tremendous application potential for biological imaging 
in the native aqueous environment'. It offers a structural 
resolution of ~ 50 nm, which is between that of an 
electron microscope and the conventional optical 
microscope. The main advantage of this technique, 
however, is that it facilitates imaging of relatively thick 
(1-10 |im) samples at high resolution in the wet condi¬ 
tion without the necessity of external contrast-enhanc¬ 
ing agents. Although this technique has been proved 
to be highly useful for biological imaging, it is still not 
widely used because of the technological difficulties. 
This paper deals with the technological issues of soft 
X-ray microscopy vis-a-vis the recent developments in 
these areas which will widen the application potential 
of this technique. 


Soft X-ray microscopy 

The optical and electron microscopy techniques are being 
used successfully for the characterization and design of 
materials in various applications. These techniques, how¬ 
ever, are not extensively used for characterization in 
biological sciences. The optical microscopy technique is 
simple in nature, offers flexible conditions for observation 
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and the radiation used for imaging is benign to the 
cells. However, the maximum resolution that can be 
achieved and the depth of focus are poor, which limit 
the usage of this technique. The recently developed 
confocal optical microscope facilitates 3D imaging, which 
is not possible with the conventional optical microscope. 
However, the point-to-point resolution is only -0.2|im, 
an order of magnitude lower than that offered by soft 
X-ray microscopy. Electron microscopy, on the other 
hand, is a technique capable of resolving features down 
to subnanometer sizes. This technique, however, is not 
widely used for imaging biological materials because of 
the following reasons: (i) The specimen thickness should 
be < 100 nm to realize resolutions of the order of < 5 nm. 
This means careful and complex specimen preparation 
is required which can cause irreversible damage to the 
sample; (ii) The high energy electron beam used for 
imaging can also lead to an irreversible damage to the 
sample; (iii) The weak dependence of scattering cross- 
section for electrons on atomic number makes artificial 
staining a necessity for contrast enhancement; (iv) The 
samples can be observed only in dried state which 
means imaging in the native aqueous environment is 
not possible. 

The soft X-ray microscopy technique is ideally suited 
for imaging biological materials as it bridges the 
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resolution gap between the optical and electron micro-' 
scopies. The soft X-rays are generally in the wavelength 
range 1.0-12.0 nm and hence offer the possibility of 
imaging at sub-optical resolutions. Since the attenuation 
length for soft X-rays in typical biological molecules 
is several micrometers, thick samples (as compared to 
electron microscopy) can be imaged directly without 
compromising the resolution. This is shown in Figure 
1 where the variation of linear absorption coefficient 
\i with soft X-ray wavelength is shown for carbohydrates, 
proteins, lipids, nucleic acids and water. An important 
point to be noted in Figure 1 is the absorption coefficient 
variation for the different biological molecules and water 
in the wavelength range 2.34 nm to 4.38 nm (between 
the K absorption edges of oxygen and carbon). The 
attenuation length in water is higher by about an order 
of magnitude compared to the biological molecules and 
this facilitates imaging of thick, wet and unstained 
samples. Hence this wavelength region is often referred 
to as the ‘Water Window’ region. Some typical examples 
of biological imaging performed using soft X-ray 
microscopy are mentioned in-brief below’ 

The structure of fibroblast cells, 2 |im thick, was 
recently studied by scanning transmission X-ray micro¬ 
scopy. It was found that high resolution, 32 nm per 
pixel, images of ‘wet’ fibroblasts could be obtained 
without causing any structural damage to the cells (Figure 
2)^. Buckley et al.^ demonstrated the possibility of 
elemental mapping of biological tissues using X-ray 
microscopy. The variation in Ca-concentration in human 
articular cartilage section was determined by X-ray 
absorption difference imaging (Figure 3). The structure 
of DNA in the nucleus of a sperm cell was studied by 
Da Silva et al^. They found that about 1/3 of the 



Figure 1. The absorption length // ‘ where is the linear absorption 
coefficient, variation as a function of radiation wavelength X for 
different biological molecules vis-a-vis water indicates a wavelength 
window region ideally suited for maximum contrast. This window, 1 
from 2.34 nm to 4.38 nm, is often referred to as the ‘water window’ 
region suitable for X-ray microscopy. 
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nuclear volume is occupied by water which is retained 
even after 20 min holding at low pressures. The 3-D 
structure of human spermatozoa in aqueous suspension 
was studied by X-ray stereomicroscopy. An area of 
increased density in the posterior half of the head was 
observed which was not seen earlier by electron mi¬ 
croscopy^. 

These examples and the many others reported in ref. 
7 clearly show the high application potential of soft 
X-ray microscopy for biological sciences. 

The three main components of an X-ray microscope 
are; (i) Source of high brilliance soft X-ray beam; (ii) 
Optical elements for treating the pre- and post-sample 
soft X-ray beam; (iii) Soft X-ray detectors. 

Soft X-ray sources 

Different types of soft X-ray sources are available for 
X-ray microscopy. The primary criteria that define the 
nature of X-ray beam irrespective of the type of source 
are: 

Brightness. Brightness is defined as the radiated pho¬ 
ton flux per unit area per unit solid angle. A related 
quantity which is more often used to describe an X-ray 
source more precisely is the ‘spectral brightness’ B 
given by the relation. 

B = F/[(AA)(Ai2)(BW)] 

where F is the photon flux (photons per second) per 
unit area A A per unit solid angle A12 of relative spectral 
bandwidth BW. The relative bandwidth AA/A is often 
expressed as a percentage. 

Coherence. The maximum resolution that can be 
achieved depends on the spatial and temporal coherence 
length of the X-ray beam which is a function of the 
source size d, wavelength A and the angular divergence 
of the beam 6. The volume in ‘phase space’, d,6 should 
be a minimum for realizing very high resolutions. 

Synchrotron radiation source 

The synchrotron radiation is close to an ideal source 
for X-ray microscopy because of its brightness and 
coherence. This source is ideally suited for all types of 
X-ray microscopy such as transmission and scanning 
transmission. The major synchrotron radiation sources 
where X-ray microscopy is being investigated are: 
BESSY in Berlin, Germany’’; National Synchrotron Light 
Source (NSLS) in Brookhaven, USA^'‘^; Synchrotron 
Radiation Source (SRS) in Daresbury, UK”^; Photon 
Factory (PF) in Tsukuba, Japan”; and BEPC in Beijing, 
China’I The brightness of the beam from synchrotron 
radiation sources is typically in the range 10’^ to 10’® 
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pjiotonss"* mm"^ mrad"^ (0,1% BW)“^ depending on the 
type of device used to accelerate the electrons in the 
ring. The major disadvantage of synchrotron radiation 
source which offsets the quality of X-ray beam it can 
provide is its limited accessibility. Also, from the point 
of view of X-ray microscopy alone the synchrotron 
radiation sources are too uneconomical. 

Laser-produced plasma source 

The limited accessibility of synchrotron radiation sources 
has been the primary reason in developing alternative' 
soft X-ray sources for microscopy. One such developrnent 
is the production of soft X-rays from hot plasmas which 
are generated by bombarding a metallic target material 
with high power pulsed lasers. The X-ray emission from 
such hot plasmas comes in very intense pulses of short 
duration (order of nanoseconds) with enough flux to 
form the image of wet, live specimens. The time period 
is sufficiently short that neither specimen motion nor 
radiation damage can blur the image. 

Lasers with a wide range of parameters have been 
used to generate plasmas. The typical wavelengths are 
in the range 193 nm (ArF excimer laser) to 1.064 |im 
(Nd: YAG laser) with pulse energies of a few mJ up 
to several tens of kJ. The pulse widths in all the cases, 
however, are < nanoseconds giving a power density of 
> 10*^ Wm"^. Different types of target materials ranging 
from low atomic number element such as carbon to 
high atomic number element such as gold have been 
used depending on the type of soft X-ray radiation 
required. Medium to high atomic number targets give 
a broad band spectrum which requires monochromation 
to be used in a scanning X-ray microscope. On the 



Figure 2. A scanning transmission X-ray microscopy image of h 
fibroblast taken at high resolution using 3.41 nm wavelength soft 
X-rays. Features of size and less can be easily resolved 

(ref. 3). 

CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 


Other hand, a low atomic number target gives a quasi- 
monochromatic line spectrum which does not need mono¬ 
chromation. 

The typical brightness value of the X-ray beam pro¬ 
duced from laser-plasma sources is in the range 10^^- 
10*^ photons s“^ mm"^mrad“^ (0.1% BW)'‘, comparable 
to the synchrotron sources. 

The feasibility of microscopy using laser-plasma gen¬ 
erated soft X-ray beams has been demonstrated in refs 
13-16. The main advantages of laser-plasma produced 
X-ray source are: 

• It allows ‘flash’ imaging which can be used to study 
time-dependent dynamic changes in wet samples, 

• It has wider accessibility compared to synchrotron 
radiation sources, 

• It has compatibility for table top X-ray microscopy, and 

• It is highly economical relative to a synchrotron. 

Soft X-ray optics 

The design of optical elements in general can be based 
on one of the three basic principles: refraction, reflection 
and diffraction. The optical elements for visible light 
microscopy are based on refraction by glass lenses. 
However, such refractive lenses cannot be used for soft 
X-rays as most materials at these wavelengths have a 
refractive index close to 1, This leads to lenses with 
very large focal lengths which preclude their usage. 
Also, the absorption cross-section of materials for soft 
X-rays is very high. Hence the normal refractive lenses 
cannot be used to focus soft X-rays but instead they 
have to be based on either reflection or diffraction. 

Reflecting mirror optics 

The reflectivity of most of the materials depends on 
the complex index of refraction n and the angle of 
incidence 6^. For any given material the reflectivity R 
decreases with increasing angle of incidence. However 
for 0. < 0^ the critical angle, total external reflection of 
the incident beam takes place increasing the value of 
/? to 1. This configuration is generally termed as grazing 
incidence reflection. In order to achieve beam focusing 
with grazing incidence reflection, the surfaces must be 
curved and this introduces aberrations which distort the 
image. The two major sources of aberration for the case 
of spherical reflecting mirrors are: astigmatism and 
spherical aberration. Both these aberrations depend on 
the angle of incidence 0. and they increase with decreasing 
angle of incidence. 

It can be seen from the above discussion that the 
magnitude of the aberrations increases with decreasing 
angle of incidence while the reflectivity increases with 
decreasing 0., To overcome the aberrations at grazing 
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Figure 3. Scanning transmission X-ray images of human articular cartilage section 
taken around the calcium edge at 3,53 nm. {a) and {b) show the images taken 
before and after the edge while (c) is the calcium difference map made from {a) 
and (])). (d) and (e) are images of calcium phosphate crystals found in the cartilage 
with (f) showing the calcium distribution map. The level of calcium in the maps 
is indicated by the degree of brightness (ref. 4). 


angles of incidence either a combination of spherical 
mirrors or aspherical mirrors such as Kirkpatrick-Baez 
and Wolter type optics are generally used. Anderson et 
al}'^ and Ohsuka et al}"^ have used Wolter type optics 
for X-ray microscopy. However the main disadvantages 
of grazing incidence reflection optics are: (i) The mirrors 
are not wavelength selective and hence the beam needs 
to be monochromatized; (ii) The grazing angle of inci¬ 
dence requires a very large mirror surface to collect a 
fraction of the incident beam, resulting in low overall 
reflected intensities; and (iii) Practical difficulties 
involved in the making of large and complex mirror 
surfaces with extremely low tolerances. 

An alternative to grazing incidence reflection optics 
is normal incidence reflection optics. The aberrations 
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which are severe at grazing angles of incidence vanish 
completely for 6. ~ 90®. However, the reflectivity of the 
mirror surface at normal incidence, given by the relation 
R = [(\-ny(l+n)]-, is only 10"^ to 10'^ In order to 
overcome the problem of reflectivity at normal incidence, 
artificially structured multilayer reflection mirrors are 
currently being developed. 

Multilayer reflection mirrors 

In its simplest form a multilayer mirror consists of 
alternating layers of low and high electron density 
materials, generally referred to as spacer and absorber 
respectively. The enhanced reflecting properties of the 
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multilayer at or near normal incidence stem from the 
coherent addition of weak reflections from many inter¬ 
faces. Since there are no naturally occurring crystals 
with such properties, artificially structured multilayers 
offer an attractive alternative. The main advantages of 
multilayer reflecting mirrors are as follows: (i) Operation 
at near normal angles of incidence leads to a considerable 
reduction in the mirror aberrations; (ii) Since the mul¬ 
tilayers are wavelength-selective they serve as both 
monochromators and focusing elements when made on 
curved surfaces; (iii) The overall reflectivity of a mul¬ 
tilayer mirror will be much higher compared to single 
surface mirrors operating under identical conditions. 

Several multilayer mirror systems with high reflectance 
values have been made'‘'^"^‘. The main drawback of these 
multilayer reflectors is that they are not designed for 
operation in the ‘water window’ region of X-radiation. 
For soft X-ray microscopy in this region the wavelength 
of interest is 2.3 to 4.4 nm and this corresponds to a 
period of 1.2 to 2.2 nm, assuming normal incidence 
conditions. This means the individual layers in the 
multilayers, absorber and spacer, are only a few mono- 
layers in thickness. Preparation of such thin layers with 
a relatively high interface quality demands the selection 
of correct materials on the basis of optical constants, 
and most important, the chemical and structural com¬ 
patibility of the component materials. The chemical 
compatibility-mutual solubility and the compound 
formation tendency at the interface can be judged from 
the equilibrium phase diagram. Recently it has been 
shown that multilayers with a period of 2.4 nm can 
indeed be made for use in the water window wavelength 
region^^. However, their reflectance values are quite low 
to be used in a microscope. These studies indicate that 
considerable progress still needs to be made for the 
complete realization of optical elements based on 
multilayers. 

Zone plate optics 

Zone plates based on diffraction of radiation have been 
the optical elements of choice for X-ray microscopy. 
These are used in transmissign mode because of the 
very small normal incidence reflectivity of materials. 
The zone plates can be regarded as circular diffraction 
gratings with radially increasing line densities. The line 
density is so arranged that the radiation diffracted from 
different zone boundaries is brought to focus along the 
axis of the zone plate. The spatial resolution in the 
images obtained depends on the outermost zone width, 
and is given as 1.22 for the first order diffraction. 
This relation shows that the resolution limit increases 
as the outer zone width decreases. The examples dis¬ 
cussed under ‘Soft X-ray microscopy’ used zone plate 
objectives for X-ray imaging. Although the capability 
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of zone plate objectives for X-ray microscopy has been 
amply demonstrated, there are several limitations (men¬ 
tioned below) which need to be overcome for their large 
scale usage. 

• The present day technology used for the preparation 
of microelectronic devices does not allow fabrication 
of zones <50nm wide on a regular basis. This limits 
the attainable resolution to about 60 nm and above. 

• The first order diffraction efficiency of absorber zone 
plates is only ~ 10%. When such zones plates are 
used as objective lenses, either the exposure time to 
radiation or the radiation intensity has to be increased 
considerably to generate high resolution images. This 
can lead to radiation damage of the sample. 

• The background intensity caused by the zeroth order 
and out-of-focus higher orders leads to significant 
loss of contrast for extended objects. 

• In the absence of a monochromator, the zone plates 
suffer from severe chromatic aberration since the focal 
length is inversely proportional to A, the radiation 
wavelength. 


Soft X-ray detectors 

A wide variety of detectors ranging from the more 
conventional X-ray film to the more recent charge 
coupled devices (CCD) are being used for the detection 
of soft X-rays. The topic of detectors is treated exhaus¬ 
tively by Fraser"^ and Delaney and Finch^"*. Hence these 
are not discussed here in detail and for the purpose of 
giving a completeness to the subject, soft X-ray micro¬ 
scopy, only the criteria that needs consideration during 
selection of a suitable detector are mentioned. 

The distinguishing criteria for classifying detectors 
are: (i) Spatial resolution; (ii) Sensitivity - ability to 
achieve efficient detection of single photons; (iii) Transfer 
function stability between input and output in order to 
achieve high photometric accuracies; (iv) Broad spectral 
response coupled with energy resolution for single pho¬ 
tons over the entire spectral range of interest. 

It should, however, be mentioned here that there is 
no single detector available which satisfies all the above 
conditions. X-ray photographic films, although exten¬ 
sively used, suffer from very poor energy resolution 
and a narrow spectral response. They, however, have 
by far the best spatial resolution, «1.0|LLm among the 
various types of detectors. 

Radiation damage 

The topic of radiation-induced damage in soft X-ray 
microscopy had not attracted much attention so far 
because of the technological problems involved in making 
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the microscope itself. However, the recent rapid deve¬ 
lopments that have taken place in the soft X-ray sources, 
and optical elements preparation have brought to focus 
the topic of radiation-induced damage. Hence this is 
discussed below together with some recent experimental 
results on radiation-induced damage. 

When an X-ray photon interacts with the material, 
photoelectric absorption which results in amplitude 
change and a phase shift of the incident radiation occurs. 
Either of these changes in the incident beam, amplitude 
and phase, or both together can be used to generate 
contrast in imaging. In order to generate a detectable 
contrast level (above the background noise) the incident 
radiation should have sufficient brilliance. Such high 
brilliance radiation can lead to damage in the sample, 
'specially when collecting high resolution images from 
thick, wet and unstained samples. In order to quantify 
the possible damage, a factor known as ‘dosage’ D, 
defined as the energy absorbed by unit mass of the 
absorbing material is used. It has been found both 
theoretically and experimentally that dosages in the range 
of 10’Gy (10'^ rad) are needed to realize resolutions of 
the order of 10 nm in samples 5-10 |LLm thick in the 
water window region. At these dosage levels the energy 
absorbed will be sufficiently high to lead to severe 
damage. 

Goodhead et found that the surviving fraction of 
mammalian cells when irradiated with 278 eV carbon 
K X-rays at dosages of the order of 10 Gy was negligible. 
Also, it was observed that within the DNA molecules 
the radiation-induced damage leads to strands breaking, 
base and sugar damage and cross linking which are 
highly deleterious effects in rendering the mammalian 
cells inactive’^ Gilbert et al? observed a severe visible 
damage in the case of fibroblast cells 3 h after exposure 
to 10^^ Gy radiation of 3.41 nm wavelength in a scanning 
transmission X-ray microscope (STXM). The contractile 
organelles of muscle (myofibrils) were studied by STXM 
using 3.2 nm wavelength radiation^’. It was observed 
that 2.5 X 10"^ Gy radiation was sufficient to cause serious 
impairment of the contraction mechanism. 

It is clear from the above examples that radiation- 
induced damage in soft X-ray microscopy cannot be 
avoided but only reduced. The radiation damage can be 
considerably reduced if the observation is finished before 
structural changes begin. The damage mechanism can 
be envisaged to proceed as follows; the absorption of 
X-ray photons results in the formation of ions and 
secondary electrons. These ions and electrons cause the 
formation of free radicals which are responsible for 
bond breaking^^. The lifetime of such free radicals is 
found to be - 10"^ s, which sets the upper limit for the 
time of observation. Thus, using a pulsed radiation with 
sufficient brilliance the damage can be minimized or 
even completely avoided by completing the process of 


image collection before structural damage begins. This 
indeed is made possible with the development of laser 
plasma produced soft X-ray sources. The X-ray beam 
from such sources is inherently pulsed with pulse widths 
typically in the range of 10"^ s. If 10^ exposures are 
needed to gather complete information from a region 
of the sample, it amounts to a total exposure time;of' 
only 10"^ s which is 3 orders of magnitude lower than 
the time for critical damage of the biological material 

Summary 

The X-ray microscopy technique has a definite potential 
to bridge the gap between optical microscopy and electron 
microscopy for studying biological materials. The main 
advantage of X-ray microscopy is that it facilitates 
imaging thick, wet, unstained samples when performed 
in the 2.34 nm to 4.38 nm ‘water window’ region. The 
source of soft X-rays, synchrotrons, although ideal in 
terms of the quality of the beam they offer, are not 
ideal for large-scale usage. However, the development 
of laser plasma-produced soft X-ray sources has 
considerably changed this scenario. The availability of 
high brilliance beams either in monochromatic form or 
wide band form depending on the type of target used 
to create the plasma, has made possible the realization 
of table top soft X-ray microscopy. The other main 
advantage of laser plasma produced soft X-ray beams 
is that they are inherently pulsed. The use of these ultra 
short-pulsed beams reduces the extent of radiation- 
induced damage in the sample by several orders of 
magnitude. 

The non-availability of high yield optical elements is 
one of the main factors limiting the widespread use of 
soft X-ray microscopy. The diffraction zone plates when 
used as condensers and objectives in the microscope 
require very high brilliance beams for imaging as they 
have very low efficiencies. This in turn leads to radiation- 
induced damage of the sample. Apart from this, the 
zone plates are difficult to make reliably with the 
currently available technologies. As for multilayer-based 
reflective optical elements, ideally they have distinct 
advantages over zone plates both in terms of resolution 
and efficiency. However they are extremely difficult to. 
make because the individual layers in the multilayer are 
extremely thin, few monolayers thick, to make with 
zero defects. The development of optical elements is a 
major issue which will ultimately decide the widespread 
usage of the soft X-ray microscopy technique in bio¬ 
logical sciences. 

The technological developments in soft X-ray micros¬ 
copy have far outpaced the studies on understanding 
the radiation-induced damage mechanism. It is now 
known experimentally that the cell mortality is extremely 
high when exposed to low brilliance soft X-rays. The 
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exact reasons for this cell inactivity, however, are not 
clearly known. Hence carefully planned, detailed studies 
are required to understand the basic mechanism of cell 
.(|amage. This becomes even more relevant because the 
nature and extent of damage is dependent on the com¬ 
position and structure of the absorbing material. 
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Some major tectonic elements of western 
Ganga basin based on analysis of Bouguer 
anomaly map 
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The Bouguer anomaly map of Ganga basin is largely 
characterized by NE-SW trending regional gradient 
with a few superimposed short-wavelength anomalies. 
The spectral analysis of Bouguer anomaly provides five 
linear segments approximately at depths of 37.0, 23.5, 
14.5, 6.6 and 3.6 km. The first segment corresponds to 
the average depth of the Moho and the second and the 
third segments are crustal layers, which are confirmed 
from seismic studies just south of this region across 
Aravalli. The shallow segments represent the basement 
providing its depth in the deeper and the shallow 
sections. The Moho and the crustal layers under Ganga 
basin are deeper by 6-7 km compared to those under 
Vindhyan basin just south of this area, which may be 
due to the lithospheric flexure caused by Himalayas. 

The residual Bouguer anomaly obtained from sub¬ 
tracting second order surface from the observed field 
appears to be more effective in defining the shallow 
basement tectonics compared to High Pass filtered 
maps. The residual field indicates a large uplift of 
basement east of Delhi which might be a part of Aravalli 
changing trend from NE-SW under Ganga basin. This 
uplift is the centre of the several basement ridges of 
this region from where they emanate as Delhi-Mora- 
dabad ridge, Delhi-Hardwar ridge and a NW-SE ridge 
which may be synonymous to Delhi-Lahore ridge and 
its extension southwards. The Great Boundary fault 
(NE-SW) which separates the Vindhyan rocks from 
the Aravalli basement rocks appears to be extending 
as Agra-Shahjahanpur basement ridge which changes 
its trend from NE-SW to E-W under Ganga basin, 
suggesting the extension of Vindhyan rocks towards 
north up to this ridge. The changes in structural trends 
from NE-SW to E-W under Ganga basin may be 
attributed to the collision of Indian and Eurasian plates. 
The intersection of these structural trends around Delhi 
makes it vulnerable to seismic activities. 


The Ganga basin is one of the largest basins formed 
due to the collision of the two plates, namely the Indian 
and the Eurasian plates. Towards north, it extends up 
to the Main Boundary Thrust (MBT) along which the 
Indian plate has subducted below the Eurasian plate. It 
thus forms the foredeep before the subducting plate 
analogous to the trenches formed along the present-day 


island arc settings. This explains the thick pile of 
sediments along the foothills of Himalayas and signifies 
a very important aspect of plate tectonics in this region. 
The sediments are largely derived from rising Himalayas 
resulting from the continent-continent collision and are, 
therefore, characterized by continental sedimentation of 
fluvial environment. Due to its hydrocarbon potentiality, 
several geophysical surveys were carried out and deep 
borewells were drilled which have provided a wealth 
of information about the subsurface structures up to the 
basement^"^ It is an east-west oriented basin along the 
Himalayan foothills which is divided into several sub¬ 
basins by ridges and faults. Due to vastness of this 
basin, we have confined to the western part which 
includes the exposed Aravalli basement up to south of 
Delhi and rest is covered by alluvium"^. 


Bouguer anomaly map 

The Bouguer anomaly map of western Ganga basin'^ 
shows a NW-SE trending regional anomaly trend varying 
in amplitudes from - 50 to -300 mgal along with short 
wavelength anomaly closure around Delhi and south of 
Delhi. This gradient is attributed to the thickening of 
the crust under Himalayas^’^ A part of this map available 
with us on a 1 : 250,000 scale at 5 mgal contour interval 
is digitized for computer-based processing and reproduced 
in Figure 1. Superimposed over the large gradients 
(Figure 1), there are a few kinks in the contours ema¬ 
nating around Delhi and spreading towards the Hima¬ 
layas. Another important anomaly is the ‘high’ around 
Agra of approximately 30 mgal, located over alluvium 
and patches of Vindhyan sediment indicating a shallow 
basement. This ‘high’ extends towards Nepal Himalayas 
passing through Shahjahanpur in the form of ‘kinks’ in 
the Bouguer anomaly contour. It is likely that the actual 
nature of this anomaly over Ganga basin might be 
obscured due to a large gradient referred to above and 
is reflected only as the kinks in the contours. 

There are several other linear ‘kinks’ in the Bouguer 
anomaly contours embedded in the large gradient referred 
to above which may represent some tectonic features. 
It is, therefore, essential to filter out the regional gradient 
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observed in Bouguer anomaly originating from the deep- 
seated sources. As the observed Bouguer anomaly is 
the cumulative effect of sources at different levels, the 
first task is to find the depths to the various levels 
from which the signals are originating and secondly the 
signals from deep-seated sources should be separated or 
suppressed in order to enhance the effect of the shallow 
sources^. Both these objectives are achieved by the 
spectral analysis^ of the digital data set obtained from 
this map. The field from deep-seated sources is chara¬ 
cterized by the low-frequency band or large wavelengths, 
while the shallow sources are represented by high- 
frequency bands or smaller wavelengths referred to as 
the residual field‘'^’’”. The other approach for the separation 
of potential field signals from deep-seated sources and 
shallow sources, namely the regional and residual fields 
is the Trend Surface Analysis^' using polynomial 
approximation. Both these methods are applied on the 
present data set as described below. 


Crustal structure 

The Bouguer anomaly data used for the preparation of 
Figure 1 is transformed in frequency domain. Its nor¬ 
malized radially averaged log power spectrum versus 
frequency plot (Figure 2) show five linear segments 
corresponding to the slopes given in the inset of the 
diagram. The slopes of the linear segments represent 
depths to the respective layers The deepest layer at 
37 km is the average depth of the Moho in this section‘d. 
The second and third segments at a depth of 23.5 km 
and 14.5 km represent interfaces in the lower and upper 
crust. The spectral analysis of the Bouguer anomaly 
map of Aravalli region has provided an average depth 
of 32 km for Moho and 15.5 and 9 km for crustal layers 
which are in conformity with the seismic results in the 
Vindhyan basin adjoining Aravallies’^'*'^. It is significant 
to note that these layers are .consistently 6-7 km deeper 
under Ganga basin which might be due to the lithospheric 



437 




RESEARCH ARTICLE 


flexure caused by the regional isostacy under Himalayas. 
This indicates the existence of a similar kind of crust 
below the sediments under Ganga basin as in the 
peninsular shield which is also found from the seismic 
wave velocities*^-'®. The other two segments at 6.6 and 
3.6 km may represent depth to the basement in different 
sections. 

Basement tectonics 

Residual field using waveband filters 

The spectrum of the observed Bouguer anomaly of this 
part of the Ganga basin (Figure 2) suggests that the 
causative sources are distributed at four levels namely 
Moho, lower and upper crust and the basement. It is, 
therefore, possible to ascribe the frequency bands cor¬ 
responding to these sources and separate out the observed 
field into different components. High pass filters with 
different wavelengths were tried and the residual field 
presented in Figure 3 represents the field for a frequency 
two and above corresponding to a wavelength of 
approximately 250 km and less. This may show the 
basement tectonics more clearly than the observed 


Bouguer anomaly (Figure 1). The various ridges and 
faults are better reflected in this map as compared to 
those in Figure 1 where they are obscured,by large 
regional gradient. The different tectonic elements are 
ascribed in the filtered map (Figure 3) which appears 
to be emanating from the junction of the Aravalli with 
the Indo-Gangetic plains. 

Residual fields based on trend surface analysis 

Trend surfaces of different orders ranging from one to 
five were computed from the digital data set of Bouguer 
anomaly of this region. The residual field (Figure 4) 
obtained by subtracting 2nd order surface from the 
observed field presents the shallow features namely, the 
basement tectonics, which are almost similar to those 
described in Figure 3 obtained from wave band filters. 
However, the definition of anomalies in terms of positive 
and negative components is much better defined in 
Figure 4. The most important feature of this map is 
the extension of Aravalli basement towards Himalayas 
in the form of Delhi-Hardwar ridge and a block uplift 
east of Delhi. This uplift continues further eastwards in 
the form of Delhi-Moradabad ridge. Large magnetic 



layer and the basement. 
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anomalies^^’’^ corresponding to the uplifted block and 
these ridges suggest that they might be associated with 
basic intrusives. Two more ridges NW and SE emanating 
from the uplifted block are plotted in Figure 4, which 
might be synonymous to Delhi-Lahore ridge and its 
extension southwards. The Agra—Shahjahanpur ridge 
which is the northward extension of great boundary 
fault separating Vindhyan basin from Aravalli ranges 
changes its trend from NE-SW to E-W under the Ganga 
basin, suggesting the extension of Vindhyan sediments 
up to this ridge. 

Conclusion 

This study highlights the usefulness of separation of 
observed Bouguer anomalies in delineating basement 
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structures embedded in large signal from deep-seated 
sources. The processing of Bouguer anomaly map of 
western Ganga basin has delineated several prominent 
basement ridges and suggests a deeper Moho at a depth 
of 37 km, indicating the crustal flexure before the sub- 
duction of the Indian plate under Himalayas. The residual 
Bouguer anomaly suggests an uplifted basement block 
east of Delhi which might be related to some basic 
intrusions as suggested by magnetic anomalies 
Several basement ridges such as Delhi-Hardwar, Delhi- 
Moradabad, NW and SE ridges emanate from this uplifted 
block and therefore might be related to it. The Agra— 
Shahjahanpur ridge which is the northward extension of 
the great boundary fault separating Vindhyan basin from 
the Aravalli ranges changes its trend from NE-SW in 
the peninsular shield to E-W under the Ganga basin. 
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Figure 4. Residual field obtained by subtracting 2nd order surface from the observed field delineaiing ihe lollowing 
basement tectonics: A-S = Agra-Shahjahanpur ridge; D~M = Delhi-Moradabad ridge; D-*H= Delhi-Hai*dwar ridge; 
MBF = Main Boundary Fault and basins formed by them. N-W and S-E ridges may be synonymous to Deihi-Lahore 
ridge and its extension southwards. 


The east-west tectonics of Ganga basin may be caused 
by the collision of the Indian and the Eurasian plates. 
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Spinel (hercynite) adcumulate from 
the Chimakurti gabbro-anorthosite 
pluton, Prakasam District, Andhra 
Pradesh, India: Evidence for 
plagioclase buoyancy and magma 
mixing 

E. V. S. S. K. Babu’’\ K. Vijaya Kumar^ and 
David M. Pyle' 

* Department of Earth Sciences, University of Cambridge, Downing 
Street, Cambridge CB2 3EQ, United Kingdom 

“School of Earth Sciences, Swami Ramanand Teerth Marathwada 
University, ‘Dnyanteerth’, Vishnupuri, Nanded 431 603, India 

A spinel (hercynite) adcumulate cuts across the leuco- 
gabbro unit of the Chimakurti gabbro-anorthosite 
pluton. The rock is composed of cumulus hercynite 
(« 95 % by volume) and intercumulus magnetite 
(~ 5 %) and it displays impeccable framework of touch¬ 
ing mineral grains. Magnetite also occurs as exsolved 
linear trails and minute dust within hercynite. Spinel 
shows invariably homogeneous chemistry without any 
intragranular compositional zonation or intergranular 
variation. AI 2 O 3 and FeO are the two major oxides 
but appreciable amounts of MgO and Fe 203 are also 
recorded. Chromium is significantly low in these 
spinels. Both intercumulus and exsolved magnetites 
show exactly the same composition. It is proposed 
that the mixing of primitive basaltic liquid with an 
earlier evolved plagioclase-supersaturated residual 
liquid has brought the composition of hybrid liquid 
into the spinel stabilization field. Consequent to its 
crystallization, extreme sorting, separation and accu¬ 
mulation has produced the spinel (hercynite) 
adcumulate. 

Liquidus phases or primocrysts crystallizing from a 
magma get sorted-out and settle down on the floor and 
to the walls of the magma chamber under the influence 
of gravity or convection currents. Compaction of such 
primocrysts with pore-space liquid produces ‘cumulate 
rocks’. The primocrysts are designated as ‘cumulus 
phases’ and the pore-space liquid is called ‘intercumulus 
liquid’’. Apart from gravitational and convection settling, 
in-situ crystallization and convective fractionation^ are 
the other two mechanisms proposed for the formation 
of cumulate rocks. These processes are more significant 
in basic magmas than the acidic ones due to viscosity 
constraints. Based on the amount of intercumulus 
material, the cumulate rocks are classified as adcumulates 
(intercumulus liquid <7%), mesocumulates (7-25%) and 
orthocumulates (>25%) (ref. 4). In general, there exists 
a continuum of rock types from the former to the latter 
within a magma chamber. 

Rates of accumulation which promotes or inhibits 
diffusional exchange between pore-space liquid and over- 
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lying magma chamber influence the kind of cumulate 
rocks form within a homogeneous magma chamber. But 
recent studies have shown that convection in inter^ 
stitial liquid, rather than diffusion, is responsible for 
the formation of a variety of cumulate rocks. An extreme 
case of convection of pore-space liquid produces 
adcumulates. 

The Chimakurti gabbro-anorthosite pluton^"^ (CGAP; 
N. Lat. 15°40'; E. Long. 79°50') in the Prakasam alkaline 
province, contains a central olivine-clinopyroxenite en¬ 
veloped by a major gabbro-norite unit with intervening 
arcuate bands of anorthosite and leuco-gabbro units. All 
the rock units exhibit cumulate textures and they represent 
ad-, meso- and orthocumulates. The present communi¬ 
cation is mainly aimed at reporting the occurrence of 
hercynite spinel adcumulate within the CGAP and to 
discuss its petrogenetic significance. Basic plutons, es¬ 
pecially the layered intrusions crystallize spinel on 
liquidus which accumulates to form spinel adcumulate 
but the composition of spinel would be Cr-rich or even 
chromite. Strikingly, the composition of spinel in the 
spinel adcumulate from the CGAP is Fe and Al-rich, 
and Cr-poor hercynite. We are not aware of any such 
occurrence elsewhere in the world. 

The hercynite adcumulate occurs as a band within 
leuco-gabbro Juxtaposed to olivine-clinopyroxenite unit 
in the NE corner of the pluton. It extends for 50 m 
with a uniform thickness of 4 cm. The contact between 
the spinel adcumulate and the host is sharp without any 
chilled margins. The cross-cutting nature of the ad¬ 
cumulate unit suggests that it has formed later than the 
leuco-gabbro. Megascopically the rock is melanocratic, 
compact, dense and exhibits metallic lustre. The frame¬ 
work of touching mineral grains is evident even in a 
hand specimen. The grain size rahges from 3 mm to 
5 mm. 

Plagioclase, olivine, clinopyroxene and orthopyroxene 
are the major cumulus phases which accumulate in 
various proportions and combinations, with changing 
saturation levels, to produce the observed lithologies in 
the CGAP. Cr-rich as well as hercynite spinels occur 
as intercumulus material within early formed olivine- 
clinopyroxenite which clearly suggests that the hercynite 
spinel was not on liquidus during the early stages of 
differentiation of CGAP. But the formation of hercynite 
adcumulate requires it to be a liquidus phase. The 
mechanism of bringing hercynite on liquidus will be 
discussed later in the paper. 

The modal mineralogy of spinel adcumulate is hercynite 
(~ by volume 95%) and magnetite (~5%). Hercynite in 
thin section appears transparent, dark green and clouded 
with minute magnetite dust, especially at the centre of 
the grains (Figure 1). The rim portion of spinel is free 
from clouding. Network of euhedral hercynite cumulus 
grains exhibit well-developed triple junctions. Magnetite 
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occurs as irregular to triangular intercumulus material 
as well as very small linear trails within hercynite. 

The chemistry of hercynite and magnetite along with 
calculated mineral formulae on 4 oxygen-3 cation basis 
is given in Table 1. FejOj is calculated using the AX 
program of Tim Holland (Department of Earth Sciences, 



Figure 1 . Liiio iiacc i)l photomicrograph exhibiting cumulus hercynite 
and inter-cumulus magnetite (black grains) within a spinel adcumulate 
(length of the photograph is 5.35 mm). 


University of Cambridge, UK). Al^Oj and Fe^Oj are the 
two major oxides in the hercynite spinel but appreciable 
amounts of MgO and Fe^Oj are also present. Extreme 
compositional homogeneity is the characteristic feature 
of these spinels. The spinels do not show even minimal 
intragranular compositional zonation or intergranular vari¬ 
ation, suggesting that there is no change in the com¬ 
position of the parent magma from which they have 
grown. Minor increase in FCjOj content from core to 
margin is due to exsolution of magnetite at the central 
portion of the grains, and absence of it at the rims. 
Chromium content is characteristically low in these 
spinels; Mg numbers of the spinels are constant and 
average around 0.46. 

The chemistry of both intercumulus and exsolved 
magnetite is exactly the same. Intra- and inter-phase 
chemical variation is not recorded. Fe^Oj and FeO are 
the only two major oxides and ail other oxides put 
together are less than 2 wt%. Extremely similar chemistry 
of both exsolved and intercumulus phases suggests that 
the latter is also a product of sub-solidus exsolution 
from the original spinel. It is well established that below 
850°C the phase region of exsolution of magnetite from 
hercynite increases. If the intercumulus material is also 
an exsolved phase of spinel, then the Fe^Oj and FeO 


Tabic 1. Chemistry of hercynite and magnetite determined with electron probe analysis by wavelength dispersive 
spectrophotometry using 20keV accelerating voltage, 15 nA beam current and 1-10 gm beam diameter using CAMECA 

CAMEBAX SX50 electron probe 


Mineral 

Hercynite 
grain 1 (core) 

Hercynite 
grain 1 (rim) 

Hercynite 
grain 2 (core) 

Hercynite 
grain 2 (rim) 

Magnetite 

intercumulus 

Magnetite 

exsolved 

Oxides/cations 

SiOj 

0.00 

0.00 

0.00 

0.06 

0.09 

0.00 

Tio" 

O.IO 

0.01 

0.06 

0.01 

0.49 

0.00 

ALO, 

59.79 

59.24 

59.50 

58.81 

0,75 

0.81 

Cr^O, 

0.05 

0.00 

0.15 

0.09 

0.17 

O.ll 

'-'*2 3 

FCnO, 

4.95 

5.09 

5.67 

6.84 

66.61 

67.43 

* ^^2 3 

FeO 

23.61 

23.67 

22.97 

22.59 

31.46 

31.29 

MnO 

0.33 

0.18 

0.20 

0.23 

0.00 

0.00 

MgO 

11.58 

11.28 

11.68 

11.61 

0.06 

0.01 

CaO 

0.00 

0.00 

0.00 

0.00 

0.03 

0.02 

NajO 

KjO 

0.00 

0.00 

0.09 

0.20 

0.00 

0.00 

0.00 

0.00 

0.04 

0.01 ' 

0.02 

0.00 

Total 

100.42 

99.48 

100.36 

100.45 

99.68 

99.67 

Oxygens 

4.0 

4.0 

4.0 

4.0 

4,0 

4.0 

Si 

0.000 

0.000 

0.000 

0.002 

0.003 

0.000 

Ti 

0.002 

0.000 

O.OOl 

0.000 

0.014 

0.000 

A1 

1.894 

1.897 

1.886 

1.867 

0.034 

0.037 

Cr 

0,001 

0.000 

0.003 

0.002 

0.005 

0.003 

Fe^"- 

O.lOO 

0.104 

0.115 

0.139 

1.926 

.1.954 

Fe^^ 

0.531 

0.538 

0.516 

0.509 

1.011 

1.008 

Mn 

0.008 

0.004 

0.005 

0.005 

0.000 

0.000 

Mg 

Ca 

0.464 

0.457 

0.468 

0.466 

0.003 

0.001 

0.000 

0.000 

0.000 

0.000 

O.OOl 

0.001 

Na 

0.000 

0.000 

0.005 

0.010 

0.000 

0.000 

K 

0.000 

0.000 

0.001 

0.000 

0,001 

0.000 

Sum 

3.000 

2.999 

3.000 

3.000 

3.000 

3.003 

Mg/Mg+Fe^^ 

0.47 

0.44 

0.48 

0.48 

0.00 

0.00 
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contents of original spinel are much higher than the 
present value. 

Formation of any adcumulate requires extreme sorting 
and separation of cumulus grains, and removal of 
intercumulus liquid to restrict post-cumulus changes. 
Spinel accumulation can be expected if the primitive 
magma is supersaturated in spinel or if there is a mixing 
of two contrasting liquids which may bring the hybrid 
liquid within the spinel stabilization field. Alternatively, 
the interaction of basic magma with pelitic material 
would result in higher A1 content in the former and 
crystallize abundant plagioclase and hercynite spinel^ 
But the occurrence of hercynite rock towards the inner 
side of the pluton rather than at the margin and its 
extremely cumulus nature precludes such a mechanism. 
In the former case, spinel should be the first mineral 
to crystallize in the sequence of differentiation, but the 
field, petrographic and geochemical evidences suggest 
that the hercynite was on liquidus after the removal of 
olivine+ clinopyroxene +plagioclase in the CGAP. Phase 
relations^”^ (Figure 2) indicate that spinel can never be 
on the liquidus once the parental magma reaches ternary 
eutectic. Apart from this constraint, the Fe- and Al-rich 
and Cr-poor composition of spinel imply that it crys¬ 
tallized from an evolved liquid. Therefore it is difficult 
to visualize that the hercynite adcumulate is a fractiona¬ 
tion product of primitive basaltic magma. 

Mixing of evolved and primitive magmas may bring 
the resultant liquid within primary phase volume for 
spinel but, as evident from Figure 2, for such a mecha¬ 
nism to occur the residual liquid should lie in the 
plagioclase liquidus volume. Unless the residual magma 
is supersaturated with plagioclase crystals, the mixing 
will not shift the hybrid liquid into the spinel stabilization 
field. The assumed mechanism of the formation of 
hercynite adcumulate is shown in Figure 2. The primitive 
magma of composition ‘X’ crystallized olivine on 
liquidus and as the magma evolved, clinopyroxene joined 
olivine in the crystallization sequence (path A to B). 
Separation of this mixture (ol+cpx) has produced oli- 
vine-clinopyroxenite unit, and as a result of this fractional 
crystallization the residual liquid took a course towards 
ternary eutectic (‘C’). At the point ‘C’ olivine + clinopy¬ 
roxene + plagioclase crystallized together from the liquid. 
Since the density contrast between plagioclase and the 
basaltic liquid is too low, the plagioclase would not 
separate from the liquid as quickly as olivine and 
clinopyroxene. Consequently, the magma becomes super¬ 
saturated in plagioclase crystals. An important effect of 
this plagioclase buoyancy within the magma chamber is 
that the composition of porphyritic mixture (liquid + super¬ 
saturated crystals) lies in the plagioclase primary phase 
volume^^\ 

The actual position of the melt within plagioclase 
liquidus field depends on the amount of plagioclase 



Figure 2. Plagioclase (An)-olivine (Fo)-clinopyroxcne (Di) pseudo 
liquidus-phase diagram*'' showing predicted fractionation trend for CGAP. 
For details see text. 

suspended within the magma. Predicted composition of 
plagioclase-supersaturated liquid is marked as ‘Y’ in 
Figure 2. Replenishment of primitive magma to this 
porphyritic mixture will change the composition of re¬ 
sultant hybrid liquid (± crystals) along the mixing arrow 
as shown in Figure 2. The exact composition of the 
mixed magma depends on the relative proportions of 
residual plagioclase-supersaturated liquid and the reple¬ 
nishing primitive basaltic liquid. The mixed liquid may 
lie within plagioclase, olivine or spinel primary phase 
volumes depending upon the mass of the magma chamber 
and mass of the primitive liquid*^. Such a mixing might 
have shifted the liquid into the spinel stabilization field 
(marked ‘Z’). Spinel of hercynite composition would be 
the liquidus mineral crystallizing from such liquid since 
the mixed magma will have higher ‘Fe’ and ‘AT com¬ 
ponents than the primitive liquid due to its evolved 
nature and plagioclase supersaturation respectively. Ex¬ 
treme ‘sorting’ and ‘dumping’ of this spinel has produced 
the hercynite adcumulate. Sub-solidus exsolution has 
given rise to the intercumulus magnetite. High Fe 203 
component in the hercynite suggests local high con¬ 
ditions. 

A combination of processes, such as plagioclase 
buoyancy and magma mixing, facilitated the formation 
of hercynite adcumulate in the Chimakurti pluton. 
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Proterozoic intracratonic Godavari 
rift development at right angle to the 
Eastern Ghat Mobile Belt: An 
example for collision-induced rifting 
in SE India 

G. Lakshminarayana 

Geological Survey of India, Southern Region, Bandlaguda, 

Hyderabad 500 068, India 

Genetic relationship is indicated between two spatially 
related geological terrains with contrasting tectonic 
styles, namely the NE-SW trending Eastern Ghat 
Mobile Belt (EGMB) and NW-SE oriented Godavari 
rift (GR). The late Archaean pelite dominated Eastern 
Ghat sedimentary terrain was subjected to major 
reworking events around 3.0 Ga, 2.6 Ga, 2.0 Ga, 1.5 
Ga, 1.0 Ga and 0.5 Ga. Along GR development of 
extensional basins, viz. Pakhal (Middle Proterozoic) 
and Sullavai (Late Proterozoic) was induced by 1.5 
Ga and 1.0 Ga reworking events respectively in the 
EGMB. A sag/protorift formed along the tectonic 
join between the Dharwar and Bhandara cratonic 
blocks, in response to 1.5 Ga event in EGMB, paved 
way for the initiation of the Middle Proterozoic 
Pakhal sedimentary basin. Evolution of this basin 
into Late Proterozoic Sullavai sedimentary rift basin 
is perhaps triggered by an extensive tectonothermal 
rejuvenation associated with 1.0 Ga reworking event 
in the EGMB. 

The Proterozoic sedimentary basins of the Godavari 
valley include Pakhal (Middle Proterozoic) and Sullavai 
(Late Proterozoic). Stratigraphic record and structural 


framework of these basins embody testimony to a rare 
Precambrian rift-related sedimentary basin development 
at right angle to the growing curvilinear Eastern Ghat 
Mobile Belt (EGMB). Geology of the Godavari valley 
and its environs was first worked out by William King^ 
Subsequently, a host of workers have attempted to refine 
stratigraphy, sedimentation and tectonics^"^ of the area. 
Nevertheless, understanding of the origin and initial 
phase of basin development along the Godavari valley 
continued to be in its infancy. The present study un¬ 
derscores the importance of the EGMB reworking events 
in inducing the Precambrian extensional sedimentary 
basin development of the intracratonic Godavari rift 
(GR). 

An outline of geological framework and chronology 
of major tectonic events in the GR and EGMB are 
shown in Figure 1 and Table 1 respectively. 

Along the southeastern margin of the Indian Peninsula, 
the NNE-SSW to NE-SW oriented curvilinear EGMB 
extends over a length of 700 km with a maximum width 
of about 200 km in the north and tapering end in the 
south (Figure 1). Major lithounits in the EGMB are 
classified according to their parentage into Khondalite 
(sedimentary) suite, Charnockite (igneous) suite and mig- 
matites. Besides, there are several igneous intrusives, 
viz. anorthosites, nepheline syenites and chromite-bearing 
layered complexes^’^ There is a lateral zoning in the 
distribution of rock units in the EGMB - charnockites 
being predominant in the west followed by khondalites 
in the centre and migmatites in the east'^ 

Along the western margin of the EGMB the char¬ 
nockites show lithological gradation with the Peninsular 
gneiss, granites and amphibolites of the shield area^'’. 
This gradational zone is usually referred to as the Eastern 
Ghat Front marked by ductile shearing, metasomatism 
and igneous activity^'. The gradation zone between 
EGMB and the Dharwar Craton is also referred to as 
‘Marginal Zone’ which is characterized by the presence 
of garnetiferous gneiss and its granitic protoliths (± gar¬ 
net) with enclaves of two pyroxene granulites and arrested 
charnockites’^. Supracrustals of Khammam schist belt, 
anorthosites and amphibolite intrusives are located in 
this zone. 

Lithounits of the EGMB were subjected to polyphase 
deformation and metamorphism. Although the age of 
folding could not be established on a regional scale 
with a great deal of accuracy, in Chilka lake area, the 
NE-SW set of folds and the coaxial refolded folds (FI) 
were formed during 3,0 Ga and 2.6 Ga tectonic events 
respectively. Formation of E-W oriented cross folds with 
westerly plunge was linked to 1.5 Ga tectonic event‘d 
Besides folding, a major phase of granulite meta¬ 
morphism is also associated with the 1.5 Ga and 1.0 Ga 
events’'^. 

Localized bodies of anorthosites, alkaline rocks, 
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Figure 1. An outline geological map showing the spatial relationship between the Godavari rift (GR) 
and the Eastern Ghat Mobile Belt (EGMB). GR is located at the tectonic join between the Dharwar 
and Bhandara blocks. (Geology of the GR is after Rao^’ and Raman''; geology of EGMB is after 
Narayanaswami*'.) Cross symbols in Dharwar and Bhandara blocks indicate granitic basement. 


gabbros and chromite-bearing ultramafic rocks occur all 
along the EGMB. The gravity field over the EGMB is 
positive and highs are associated with the basic char- 
nockite intrusives as well as gabbro-anorthosite masses 
and gravity lows are linked to acid charnockite intru¬ 
sivesBouger gravity profile across the western margin 
of the EGMB compares well with the profile across the 
Grenville front^^. 

Situated at the tectonic join between two cratonic 
blocks, i.e. Dharwar and Bhandara, the 400 km long, 
2-80 km wide GR valley exposes a 10 km thick lithic 
fill deposited between Middle Proterozoic and Cretaceous 
period. The Middle and Late Proterozoic sediments 
belong to Pakhal Supergroup and Sullavai Group res¬ 
pectively, whereas the Late Carboniferous to Cretaceous 
sediments are known as the ‘Gondwana’. A narrow 
constriction at Mailaram divides the GR into two seg¬ 
ments - the northern Godavari sub-basin and the southern 
Kothagudem and Chintalapudi sub-basins. The latter two 
sub-basins expose only the Gondwana sequence, whereas 


the former contains both the Proterozoic and the Gond¬ 
wana sediments. A schematic geological cross-section 
across the Godavari sub-basin is presented in Figure 2. 
From SW to NE, it includes basement (granites, gneisses, 
granulites and basic intrusives viz. dolerite, gabbro and 
lamproite dykes) —> Pakhal Sullavai •-> Gondwana 
Usur, Albaka Pakhal (Tippapuram, Cherla) ^ Base¬ 
ment (granite, gneiss and granulites). 

Along the southwestern margin, the Proterozoic sedi¬ 
ments unconformably overlie the basement, whereas in 
the northeast the contact is marked by a prominent fault. 
The Proterozoic sequence is classified into Pakhal 
Supergroup, Penganga and Sullavai Groups^. The Gond¬ 
wana tract divides the Proterozoic basin into two 
belts - western and eastern whose simplified stratigraphic 
succession and lithologies are shown in Figure 3. 

The Pakhal Supergroup is made of conglomerate, 
quartzite/sandstone, shale, chert and dolomite. In the 
northwest of the Godavari Valley, limestone, arkose and 
shale constitute the Penganga Group. In the western 
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Table 1. Correlation between major reworking events in Eastern Ghat Mobile Belt (EGMB)* and 
coeval geological events in Godavari rift (GR) and its environs 


GR and environs 


EGMB 


Sullavai sedimentation 


Metamorphism of Pakhal sedi¬ 
ments 


Deposition of Pakhal sediments 
in protorift/sag 


Granitization and crustal growth 
in Dharwar and Bhandara cra- 
tonic blocks mafic dyke activity 


Granulite formation along the tec¬ 
tonic join between cratonic blocks 



* After Paul and Sarkar^* and Sarvothaman^ and GSI’^ 


Syn to post tectonic alkaline/anorthosite 
intrusives (localized) 

Extensive tectonothermal rejuvenation 
folding, metamorphism and granitization 


Intrusion of syn to post orogenic 
alkaline/anorthosite bodies 


Major folding, regional metambrphism, 
granitization 


Tectonothermal rejuvenation granitization 


Major folding, regional metamorphism, 
granitization. Tholeiitic magmatism in 
marginal zone 


belt, the Pakhals are subdivided into Mallampalli and 
Mulug Groups. In the eastern belt, only the stratigraphic 
equivalent of Mulug Group is represented by a succession 
of Cherla, Somandevara and Tippapuram formations. 
Sedimentary sequence in the Pakhal Supergroup consists 
of broad fining upward cyclic sequence represented by 
interbands of conglomerate/glauconitic sandstone/sand¬ 
stone (arkose), quartz arenite and ferruginous sandstone 
in the lower part, dolomite and shale in the upper part 
(Figure 3). Glauconite from the Pakhal sediments is 
dated to be 1330±37Ma (ref. 17). A detailed study of 
stromatolites from the Mallampalli Group indicated a 
Middle Proterozoic age^^ The Pakhal sedimentation com¬ 
menced in a marine environment. Sedimentological 
attributes indicate the interaction of near shore and off 
shore environments. Provenance for the Pakhal sediments 
is identified to be Archaean-Proterozic basement of the 
adjacent cratonic blocks^’ (Figure 5 a). 

An angular unconformity marks the contact between 
the Middle and Late Proterozoic in the Godavari Valley. 
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In the western belt, the Late Proterozoic sequence is 
represented by Sullavai Group consisting of variable 
proportions of sandstone, arkose, conglomerate, glau¬ 
conitic sandstone and shale. Sandstone is characterized 
by red-white banding, and tabular/trough type crossbed¬ 
ding. In the southwest near Chelvai, the palaeocurrent 
is unimodal towards WNW and is interpreted to have 
been deposited in a complex of beaches swept by WNW 
long shore drift^‘^ Conglomerate contains pebbles, cobbles 
and boulders of quartzite, sandstone, vein quartz and 
granite derived from the basement and the older sediments 
located in the west and southwest. In Ramagundam area 
palaeo-current is towards NE, E and SE; and SW near 
Mancherial. Alluvial fan/braided stream depositional 
settings existed during the Sullavai sedimentation along 
the western margin of the basin^^\ In the eastern belt, 
the Usur Group includes Lower Nambi Breccia, Middle 
Doli Sandstone and Upper Delam Sandstone and show 
the evidence for fault-controlled sedimentation in the 
form of breccias and conglomerates. Detailed lithofacies 
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Figure 2. Schemalic geological cross section across the OR. Section line is marked in Figure I. Index to symbols same as in Figure 1. Eastern 
margin is fault-bounded whereas the western margin between Pakhal and the basement is unconformable. 



Figure 3, Disposition of sedimentary lithoassemblages along the northeastern and southwestern margins. 


analysis revealed an alluvial fan-fluvial environment for 
the deposition of Usur Group^‘. Palaeocurrent and pet¬ 
rographic studies revealed that, besides cratonic blocks 
on either side of the GR, EGMB also contributed detritus 
to the Late Proterozoic sedimentary basins of the 
Godavari Valley (Rao and Rao (1970) cf. Rao, K. S. 
et al 1979)^^. 

Sediments of the Sullavai Group and equivalents were 
relatively undeformed and unmetamorphosed whereas 
those of the Pakhal Supergroup were structurally 
deformed and metamorphosed. South of Pakhal lake, 
the sediments are folded into a series of antiforms 
and synforms plunging NNW and NE. At places, 
sediments are cross folded on E-W axis. However, the 
intensity of metamorphism increases towards southeast 
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and also from west to east. In the northwestern part, 
the effect of metamorphism on Pakhal sediments is 
feeble. But south of Pakhal lake, shales are converted 
into slates and phyllites, and further southeast to 
staurolite-almandine sub-facies of the amphibolite facies 
of metamorphism. Thermal metamorphic effects are also 
common as indicated by the development of staurolite 
and andaiusite in. pelites, tremolite and actinolite in 
marbles^’’“l 

Rift/extensional sedimentary basins striking at right 
angles to the erogenic belts are conspicuous for their 
contrasting styles of tectonic development. Although 
these types of features have been recognized worldwide, 
their genetic relationships could not be explained perhaps 
owing to a general belief that the orogenesis (folding) 
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and taphrogenesis (rifting) are two contrasting tectonic 
processes. With the advent of plate tectonic theory, 
several authors tried to explain the genetic relationship 
between the Phanerozoic rift valleys and orogenic belts 
in terms of triple junction models^"^, or collision-induced 
rifting^^. Not much information is available on the 
Precambrian examples of orogeny-related rifting other 
than Keweenawan rift and Grenville orogeny^^. Infor¬ 
mation available on the sedimentary basin development 
in Keweenawan rift is meagre as it is filled mainly 
with the volcanics. It is proposed that the GR and the 
EGMB may serve as an example for Precambrian col¬ 
lision-induced sedimentary rift basin development. 

Available geological and geochronological data^^'^^ 
show that the Late Archaean to Early Proterozoic period 
(~3.0Ga to 1.5 Ga) is marked by granitization crustal 
growth and stabilization of cratonic blocks in the south¬ 
eastern part of the Indian shield. The Karimnagar and 
Bhopalpatnam granulites and associated metasediments 
fringing the GR are believed to have been formed as 
a part of ancient orogenic belt that remained as a zone 
of weakness in between the Dharwar and Bhandara 
Cratonic blocks^^. 


On the other hand, protoliths of khondalite and 
associated metasediments of the EGMB are believed to 
have been deposited in an Archaean geosyncline® or 
platform^®. This terrain was subjected to major reworking 
events around 3.0 Ga, 2.6 Ga, 2.0 Ga, 1.5 Ga and 0.5 Ga 
(ref. 31). A continent-continent collision tectonics 
operated during the evolution of EGMB^^ and compres¬ 
sion was from southeast^^ The formation of Eastern 
Ghat front/marginal zone is attributed mainly to the 
- 1.5 Ga reworking events or younger^'. Besides defor¬ 
mation of Khammam schist belt metasediments, the 
emplacement of Fe-tholeiite melts (represented by 
amphibolites) is linked to ~ 2.6 Ga (ref. 34) event. The 
Karimnagar granulites are believed to have been formed 
during - 2.6 Ga events, but the nature and origin of 
these granulite terrains is distinct from the granulites 
of the EGMB^^ Stabilization of cratonic blocks in shield 
area was more or less complete by - 1.5 Ga, But weak 
zones in between two stabilized cratonic blocks responded 
immediately to ~1.5Ga or younger reworking events 
in the EGMB. The cratonic blocks supplied detritus to 
the Pakhal sedimentary basin. 

The 1.5 Ga reworking event is followed by the 



Figure 4, Block diagram indicating the genetic relationships between the EGMB and the GR. 
Subsequent to 1.5 Ga event sag/protorift formed along the tectonic join between the Dharwar and 
Bhandara blocks marks the immediate origin of the Middle Proterozoic .Pakhal basin. 


448 


CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 




RESEARCH COMMUNICATIONS 



Figure 5. Skeicli showing the palaeogeography of GR and its surroundings during ia) Middle Proterozoic (Pakhal) and 
(/;) Late Proterozoic (Sullavai). 


that the metamorphism and folding of Pakhal sediments 
is limited to the southeastern part, i,e. in the vicinity 
of EGMB and the same sediments in the same basin 
away towards northwest are less affected. Depth to 
detachment controlling the deformation of the basin fill 
is estimated at 10 km (ref. 40). Extensive tectonothermal 
rejuvenation with fracturing and transcurrent shearing, 
migmatization and charnockitization are associated with 
1.0 Ga orogenic event in the EGMB. This event is 
followed by another pulse of alkaline magmatism around 
850 Ma. The Late Proterozoic rift basin is mainly filled 
with coarse-grained sandstones and conglomerates 
(Sullavais), sandstones, conglomerates and breccias 
(Usurs) (Figure 5 b) derived from the basement (shoul¬ 
ders) located in the west and east respectively. Devel¬ 
opment of the coarsening up alluvial sequences along 
the eastern margin fault points to its tectonically active 
nature. By Late Proterozoic, the EGMB became a positive 
area and supplied detritus to the Proterozoic basin along 
with the cratonic blocks bordering the GR“^. Therefore, 
it is now suggested that origin and initial phase of the 
GR development is linked to the Proterozoic reworking 
events in the EGMB, thereby setting an example to the 
collision-induced rift development at right angles to the 
growing curvilinear EGMB in the Indian shield. 
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Age and formation of oyster beds of 
Muthukadu tidal flat zone, Chennai, 
Tamil Nadu 

Hema Achyuthan 

Department of Geology, Anna University, Chennai 600 025, India 

The formation of alternate oyster beds with inter¬ 
vening tidal clay units indicates fluctuation in the 
sea level as consequent to Mid Holocene to terminal 
Pleistocene neotectonism. This inference is based on 
the new radio carbon ages of the study grea presented 
for the first time. 

Assemblance of bivalve and univalve molluscs occurs 
due to eustatic, shoreline and sea level changes^ They 
are signatures of former sea level positions, dating 
of these shells and the organic carbon-rich clay occurring 
along the inland tidal flat zones can be used to determine 
their age of formation. 

A study was carried out to understand sea level 
changes and sedimentological pattern in the tidal flat 
occurring along the Muthukadu tidal flat zone, 37 km 
south of Chennai. The study was focused on the geo¬ 
morphology, dating of oyster beds and organic 
carbon-rich tidal clays. The area was mapped using 
satellite data IRS-IA LISS II and ground checked for 
the various geomorphic units (Figure 1). Stratigraphic 
sequences of oyster beds occur along the east coast of 
Chennai between Muthukadu (12°50'N, 80°15'E) and 
Mamallapuram (12°35'N, 80°19'14'''E) forming a part of 
the tidal flat zone (Figure 1). Presently, the oyster beds 
are largely exploited for lime-burning by the local fishing 
community. The study area receives both summer and 
winter rains, the latter being dominant during October 
to December receiving an average annual rainfall of 
1200 mm yv~\ The area experiences a subtropical climate 
with mean annual average temperature of 28°C to 30°C. 

Four major zones within the tidal flat were recognized: 
a) outer sand flat merging with the beach dune complex 
and rock exposures, b) middle sand flat, c) sandy to 
silty inner flats (mixed flats of Reineck and Singh^) 
and, d) salt marsh. The salt marsh is separated from 
the inner flat by a narrow spit built of shell and shell 
debris. Grain size decreases slightly from the outer flat 
zone to the inner flat although this trend is interrupted 
by coarse-grained samples from the tidal channel. The 
channel is also characterized by relatively poor sediment 
sorting. The poor sorting of the innermost sample is 
due to input of coarser sand and shelly debris from the 
adjacent spits. Spit’s variation in carbonate percentage 
is largely a function of shell content. Shell content is 
typically high in the tidal channel and near the spit, 
largely represented by lamellibranchs and gastropods. 

The outer sandy flat and the beach dune complex are 
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Figure 1. Location map of the study area. 


characterized by sand waves (wavelength approximately Crassostrea madrasensis^ (2-3 cm across), increase 

5 to 8 m) where amplitude (maximum approximately downwards with depth to 10-12 cm across, is a typical 

0.50-1 .Om) decreases landward. The tidal zone is bor- open-estuarine mollusc growing in saline conditions (6- 
dered by the beach dunes oriented NNE—SSE or N—S 20ppt). The oyster bed unit I is subsequently underlain 

running parallel to the coastline. by a tidal clay unit II (0.80 m to 1.0 m thick) which 

The inner sand flat consists of slightly elevated grounds is largely similar to the tidal clay unit I but varicoloured, 

(fine sand bound with algal material) surrounded by compact and laminated which is once again underlain 

shallow (2-5 m) pools of water with soft substrate. by an oyster bed unit II nearly 1.5 m thick with a sharp 

Emerged shell deposits are at or above mean high water demarcation. The oyster bed unit I thrived well on the 
level (MHWL) and are scattered at the points of small tidal clay unit II which formed a hard muddy bottoml 

headlands. A trench was dug to 2.10 m depth in the The tidal units I and II are devoid of oysters and shell 

sandy flat in the shallow low inter tidal zone. Observation content, although the top layers of these units contain 
made on the surrounding well sections and the trench broken fragments of shells such as those of lamelli- 

revealed 1 m organic carbon-rich tidal clay unit, with branchs, gastropods, oysters and foraminifers. Crasso- 

alternate laminae of grey to black fine silty clay (3 mm strea madrasensis from the oyster bed unit I of aragonite 

to 4 mm) and dark grey to grey silty sand (2 to 3 mm) composition (identified by XRD analysis) and the organic 

(Figure 2). Sedimentary structures are dominated by carbon-rich clay from the tidal clay unit I were collected 

horizontal layering and ripple marks which are often for radiocarbon dating and are presented in Table 1. 

flat topped. Typically, ripple crest are oriented at a The ages obtained were corrected using the radiocarbon 

slight angle to the shore line. Strong current velocities calibration programme for marine data base of Stuiver 

and coarse sediments prevent ripple formation in the and Braziunas'* (presented for the first time), 

channel. Mottled colours range from rusty red and brown The coastal dune field which is now stabilized by 
to greyish green. This unit is underlain by an oyster vegetation, occurs in a very high energy wind regime, 

bed unit I of nearly 1.10 m thick with a sharp contact. The dune ridges are gradually replaced slightly inland 

The size and the dimension of the oysters identified as by 10—15 m irregular dune forms. The dune field deposits 
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have been studied by facies analysis of a trench dug 
(3 m depth) in the lee ward side of the dune at Muthukadu 
(Figure 1), natural exposures and by satellite imagery. 
Observations reveal that the dunes around Muthukadu 
can be divided into a lower unit that drapes the underlying 
buried oyster beds units I and II with the intervening 
tidal unit 11. While the upper dune unit drapes the top 
tidal clay unit I, the lower dune unit locally is composed 
of two depositional subunits separated by immature soils. 
However, at this stage of study it is very difficult to 


STRAT.DEPTH (M) LITHOLOGY 



Figure 2. Lilhosiratigraphic column at Mulhukadu near Chennai. 


correlate between the amount of sand surges deposited 
to form the dunes and the tidal flat zone. 

The present study reveals that oyster shell units I and 
II mostly accumulated in situ consequent to the low 
sea level before 4000 yrs BP, i.e. during the mid Holocene 
to Terminal Pleistocene period. The occurrence of oyster 
bed unit II (-3 to -5 m depth) also indicates a low sea 
level phase and high saline conditions probably formed 
during the Early Holocene-Terminal Pleistocene period. 
The terminal Pleistocene period was characterized by 
an overall strong climate and relative low sea level with 
high saline conditions and resulted in an increased 
availability of sand in the shore zone. The sand in the 
dune field originated from beach deposits. A lai*ge but 
pulsating supply of sand was supplied to the beaches 
by the southwards running coastal currents, probably by 
the return monsoon rains. This also resulted in a high 
flux of sand into the dune field. Short periods of 
decreased storminess are recorded by the occurrence of 
immature soil formation in the dunes. With the available 
radiocarbon dates of the tidal clay unit I at the depth 
of 0.50 m and 0.70 m (3145155 to 3475 ±55 yrs BP), 
the rate of sedimentation is approximately 0.9mmyr'^ 
Extrapolating this data, the buried oyster bed unit I 
ceased to form since the last 3805 ±55 yrs BP or 
approximately 4000 yrs BP. The oyster bed unit I of 
nearly 1 m thick seems to have formed rapidly in a 
high saline condition, i.e. within one thousand yrs BP 
as the bottom oyster is dated to 5000 yrs BP. The tidal 
clay unit I was deposited during the high sea level 
condition since 4000 yrs BP with reduction in saline 
conditions. The lithostratigraphy reveals a repeated shift 
from open-estuarine to brackish condition with average 
salinity decreasing as a consequence (less than 6ppt) 
and hence the tidal clay units I and II are devoid of 
oysters. 

The occurrence of two buried oyster beds with the 
intervening clay units perhaps points to a local fluctuation 
of the sea level due to the uplift which may not be 
directly related to the ‘global sea level change' during 
the Holocene to Terminal Pleistocene period but a local 
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uplift of the coast during the Terminal Pleistocene period. 
Reactivation of the boundary fault which trends almost 
NE and projecting into the sea near Mamallapuram 
could have been responsible for the neotectonic activity. 
This gains support from the data that Holocene to 
Terminal Pleistocene beach rocks and oyster bed deposits 
are globally a regional formation and that during this 
period the ‘sea level’ was several meters (120 ± 20 m) 
below the present position^’^ Since the Terminal Pleis¬ 
tocene period the coastal geomorphology in the study 
area has not changed drastically but for meagre channel 
shifts in the tidal flat zone. From the present study, as 
the results reveal, it is possible to offer a first order 
interpretation of the dates and data, but the interplay 
among the elements of neotectonism, global sea level 
change and sedimentation makes interpretation all the 
more difficult. 
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Isolation of a cadmium tolerant 
Curvularia sp. from polluted effluents 

S. K. V. Rama Rao Vepachedu, Naseem Akthar and 
P. Maruthi Mohan 

Department of Biochemistry, Osmania University, Hyderabad 500 007, 
India 

A fungus exhibiting high level of tolerance to cadmium 
was isolated from polluted effluents by selection on 
cadmium-containing agar medium. The fungus, iden¬ 
tified as Curvularia lunata^ showed high tolerance 
towards cadmium in both solid and liquid media (Iso 
30-60 mM). The mechanism of tolerance is shown to 
be due to most of cadmium (90%) being accumulated 
on mycelial surface, extractable by EDTA. 
Metal-chelate affinity chromatography of cell-free 
extracts showed that most of the cadmium was in 
ionic form, not associated with any specific proteins. 
Biosorbent prepared by alkali extraction of mycelia 
of Curvularia bound metal ions up to 6% of biosorbent 
(w/w). 

Metal toxicities have received widespread attention 
because of increasing number of toxic metals being 
released into the environment, their extended persistence 
and toxicity to a wide variety of organisms. Cadmium 
has been recognized as one of the most toxic elements 
and its mobilization into the biosphere has been accele¬ 
rated by rapid industriaiization^ Hence this aspect 
received wide attention with respect to its mechanisms 
of transport, toxicity and resistance in micro-organisms. 
In general, cadmium is reported to be toxic at relatively 
low concentrations to micro-organisms^. The most 
tolerant fungi which include species of Rhizopus, 
Trichoderma, Penicillium and Cunninghamella were 
found to grow at 1000 ppm of cadmium, while sensitive 
ones grew between 10 and 100 ppm (ref. 3). Penicillium 
lilacinum which comprised 23% of the total fungi isolated 
from polluted mine drainage was reported to be tolerant 
up to 10,000 ppm of cadmium"^. But in the above cases 
the mechanism of tolerance/resistance has not been 
investigated. In case of yeast the maximum concentration 
tolerated was found to be 600 ppm of cadmium on solid 
medial 

Heavy metal resistance in fungi has been investigated 
in greater detail in mutants isolated in the laboratory^'"^ 
by gradual adaptation on toxic metal ion containing 
media or by mutagenesis'^ ’^. A number of metal-resistant 
fungi isolated from polluted environment have also been 
reported^’^•’^ but the mechanism of resistance in most 
cases was not studied. Resistance to heavy metals in 
micro-organisms can be due to any one of the two 
broad mechanisms (i) transport block which restricts the 
entry of toxic metals and/or, (ii) intracellular sequestration 
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into vacuoles or binding to specific proteins, viz. metallo- 
thioneins’^. 

In an effort to isolate a cadmium-tolerant species of 
fungi from polluted environment, samples of highly 
polluted industrial effluent collected from an effluent 
treatment plant (Jeedimetla, Hyderabad) were plated on 
2% agar in basal medium^ containing cadmium (10 mM) 
and incubated at 28±rC up to seven days. From the 
few colonies (4-5) which appeared, one of them which 
exhibited better ability to grow was picked up and 
subcultured for further studies. The cadmium-tolerant 
fungal species was identified as Ciiryularia lunata. 
Cadmium toxicity in Curvularia was studied first on 
solid medium. Figure 1 shows that this fungus was able 
to grow at very high concentrations of cadmium (up to 
60 mM). However growth inhibition was observed with 
an Igf, (50% growth inhibition of colony diameter) of 
about 30 mM cadmium at five days. Cadmium tolerance 
was then quantitated in liquid medium^ and results show 
that (50% growth inhibition measured on dry weight 
basis at five days) occurred at about 60 mM. Cadmium 
uptake values determined by atomic absorption spectro¬ 
photometry of acid digested mycelia’^ indicate increase 
in cadmium uptake with increase in its medium con¬ 
centration and at value (60 mM derived from Figure 
2) about 1200|LLg cadmium 100 mg"^ dry wt of mycelia 
was accumulated (Figure 2). In order to quantitate cad¬ 
mium that is associated with cell surface (adsorbed) and 
intracellular fractions, surface-bound cadmium was 
leached by floating mycelia (grown previously in 20 mM 
cadmium for five days) in 10 ml EDTA solution (10 mM) 
for 5 min. Cadmium remaining with mycelia was assumed 
to be intracellular. Table 1 indicates that most of the 
cadmium (90%) is associated with cell surface (EDTA 
leachable). Further, cell-free extracts of mycelia grown 
in cadmium (20 mM) contained only 10% of total cad¬ 
mium in the 10,000 g supernatant and the remaining 
cadmium was accounted in the insoluble fraction con¬ 
taining cell wall debris. In further experiments the 
association of cadmium in cell-free extracts with any 
specific protein was investigated by DEAE-cellulose 
column chromatography and metal-chelate affinity chro¬ 
matography. The results indicated that most of the 
cadmium was found to be in the ionic form and was 
not associated with any proteins. Cadmium resistance 
in yeast has been investigated in greater detail and in 
most cases binding by specific metallothionein and other 
proteins was found to be the major mechanism of 
resistance''^'^^ To check whether metal was precipitated 
in the form of sulphides on the surface, presence of 
metal sulphides was tested by the method of King and 
Morris’^’ and was found to be absent. 

Since biosorption of toxic metal ions has excellent 
potential for decontaminating polluted effluents, bio¬ 
sorbent from mycelial biomass of Curvularia was pre¬ 


pared by alkali extraction‘s. The binding capacity was 
tested by suspending biosorbent for 1 h in solutions 
containing cadmium and copper (50 mM) ions. Table 2 



Figure 1. Cadmium toxicity in Curvularia lunafa. The conidiospores 
were inoculated on agar medium containing indicated concentrations 
of cadmium. Colony growth was determined by measuring diameter 
at different time intervals. Control growth (100%) without cadmium 
is 4, 5.2 and 6 cm for 3, 4 and 5 days respectively. 



Figure 2. Cadmium toxicity in Curvularia liaiata. The conidiospores 
(10^) were inoculated in 10 ml basal medium containing indicated 
concentrations of cadmium. The mycelia were harvested at 5 days and 
dried to record growth. Cadmium content was estimated by atomic 
absorption spectrophotometry after acid digestion. For details see text. 
The arrow mark indicates 50% growth inhibition. Control dry wt 
(100%) = 82 ±2 mg. 


454 


CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 






RESEARCH COMMUNICATIONS 


Table 1. Distribution 

of cadmium between cell 
cellular fractions 

surface and intra- 

Cadmium (p-g 100 mg"’) [%] 

Surface-bound fraction 

Intracellular 


(EDTA leached) 

fraction 

Total 

43 ±21 

28.5 ±5 

271 ±26 

[89.7%] 

[10/3%] 

[100%] 


Curvularia lunata was grown for 5 days in 20 mM cadmium-containing 
medium. Mycelia were washed thoroughly with distilled water and 
resuspended in 10 ml of EDTA (10 mM) solution for 5 min to remove 
the surface-bound cadmium. Cadmium was estimated by atomic ab¬ 
sorption spectrophotometry. Values shown are averages from three 
separate experiments, each in duplicate (± SD). 


Table 2. Metal binding by biosorbent of Curvularia sp. 



Metal bound 

Metal ion 

(mg 100 mg"' dry weight) 

Cadmium 

6.0 ±0.5 

Copper 

3.2 ±0.4 


Biosorbent (100 mg dry wt) was suspended in 20 ml solution containing 
50 mM metal ion. After 1 h incubation, biosorbent was washed with 
distilled water and bound metals were eluted with 0.1 N HCl and 
estimated by atomic absorption spectrophotometry. Values shown are 
averages from three separate experiments, each in duplicate (±SD). 

indicates that biosorbent binds 6.0 mg cadmium/100 mg 
dry weight and 3.2 mg copper/100 mg dry weight. This 
is about 3-6% of dry weight of the biosorbent. 

In the present study the cadmium-tolerant C. lunata 
though selected initially for its growth in 10 mM cad¬ 
mium, was found to grow even up to 10-fold higher 
concentrations of cadmium in liquid media, with accom¬ 
panied growth inhibition. Further, when the tolerant 
capacity was quantitated systematically, 50% growth 
inhibitory concentration in solid and liquid media was 
found to be 30 mM and 60 mM respectively. The sur¬ 
prising feature was that cultures displayed better tolerance 
in liquid medium when compared to solid medium. 
Investigation into the mechanism of tolerance has clearly 
shown that most of the metal does not enter the cell, 
but is bound to cell surface in liquid media, while the 
same could not be carried out on solid medium. This 
mechanism is rather unique and has been demonstrated 
in cases of copper and cadmium-tolerant strains of yeast 
(reviewed by Ashida”). However in the above cases 
production of hydrogen sulphide which precipitates these 
metals at the cell surface was shown to be the mechanism 
of resistance. In the present study such a possibility 
was excluded. It should be noted that the present isolate 
of C. lunata was isolated from highly polluted effluents 
containing undefined number of toxic agents. The con¬ 
centration of cadmium in these effluents was not high 
enough to suggest that the present, isolate is a cadmium- 
adapted culture. However, other possibilities of a mu¬ 
tation caused by a pollutant other than cadmium cannot 
be excluded. The terms resistance and tolerance have 


been used interchangeably in the literature. Recently, 
Gadd^^^ defined ‘resistance’ as the ability of an organism 
to survive metal toxicity by mechanisms produced in 
direct response to metals; while ‘tolerance’ may be 
defined as the ability of an organism to survive metal 
toxicity by means of intrinsic properties and/or environ¬ 
mental modification of toxicity. In the present work 
the absence of any specialized mechanism induced in 
response to cadmium, like elaboration of specific 
cadmium-binding proteins suggest that the present isolate 
is most likely a tolerant fungus. 

The intrinsic property of C. lunata to bind more than 
90% of cadmium to surface of mycelia has significance 
in bioremediation of toxic metal ions from polluted 
effluents. This has been demonstrated by biosorbent 
preparations which bind high levels of copper and cad¬ 
mium, up to 6% of biomass (w/w). Biosorbent prepa¬ 
rations using fungi were shown to have excellent potential 
in removing toxic metal ions from polluted effluents 
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A rising trend in kala-azar in 
Varanasi district, Uttar Pradesh, 

India: A recent survey using direct 
agglutination test 

Suman Gupta, Suman Tiwari, Ashim Kumar Bagchi 
and J. C. Katiyar 

Division of Parasitology, Central Drug Research Institute, Chattar 
Manzil Palace, Lucknow 226 001, India 

Sporadic cases of kala-azar reported from certain 
districts of eastern UP prompted us to study the 
seroepidemiological profile of the disease in Varanasi 
district. A total of 2182 blood samples were collected 
and screened by the direct agglutination test (DAT). 
Five hundred and ninety cases comprising of various 
categories of disease status responded positively to 
DAT, with the antibody titre ranging between 1: 3200 
and 1: > 102400. Ten asymptomatic subjects positive 
by DAT later developed full-blown disease. Indicating 
the usefulness of the test in early diagnosis of kala- 
azar. 

The routine diagnosis of visceral leishmaniasis is based 
on one or more of the following methods: (i) the 
microscopical detection of parasites in smears of lymph 
node, bone-marrow (BM) or splenic aspiration, (ii) cul¬ 
turing of the parasite from patient material, or (iii) 
serological tests for the detection of anti-leishmanial 
antibodies. A relatively new and very sensitive technique 
for detection of Leishmania parasites in blood, BM, 
lymph node, or spleen material is polymerase chain 
reaction (PCR)' but the application of this technique in 
the diagnosis of leishmaniasis is still in its infancy. 
Further, the test is not suitable for community-based 
diagnosis. 

BM biopsy has a rather low sensitivity of 55-70%, 
while the procedure involving spleen puncture although 
90% sensitive is risky, painful and needs skilled inves¬ 
tigators^’^. Compared with the first two categories 
mentioned above, serological tests have the advantage 
that blood sampling is relatively easy, with little incon¬ 
venience for the patient, and that many samples may 
be processed simultaneously. 

Several serological tests have been reported for the 
diagnosis of visceral leishmaniasis. Most promising 
among these are the tests based on enzyme-linked 
immunosorbent assay (ELISA)'*”*, dot-ELISA^’*, indirect 
fluorescent antibody test (IFAT)’ and direct agglutination 
test (DAT)'"’". 

Results of a large-scale comparative evaluation of 
dot-ELISA and DAT carried out in kala-azar-endemic 
villages of Muzaffarpur (Bihar, India) have recently been 
reported'^. 

Since the last few years, sporadic cases of kala-azar 
456 


have been reported from some districts of eastern UP 
(Varanasi, Gonda, Basti, Gorakhpur)and no system¬ 
atic survey on the epidemiological profile of kala-azar 
has been made in these areas, and Varanasi being the 
most infested district for kala-azar (unpublished reports), 
we ventured to undertake seroepidemiological survey of 
the disease in Varanasi using DAT. (The test standardized 
by us is now being marketed by Span Diagnostic Ltd., 
Surat, with the trade name of ‘LEISHMA TEST’.) 

For survey, the stratified sampling method was used. 

In the beginning, the whole district was classified into 
seven strata. On the basis of scattered reports of kala-azar 
available at that time, we selected the sample size 
proportional to the population size from each strata 
(Dariyapur, 357; Ramnagar Malahia, 1100, Ramna Mala- 
hia, 281; Sujabad 66; Golaghat, 30; Rastapur, 218 and 
Ashram Samadhi, 130). Thus a total of 2182 blood 
samples were collected in three rounds by finger prick 
on Whatman No. 1 filter paper'l All the samples after 
elution were screened by DAT at 1 : 3200 test dilution. 

A detailed case history of each subject regarding name, 
age, sex, present symptoms, treatment history (present 
and past, if any) was recorded. 

The antigen for the test was prepared from trypsin- 
treated Coomassie brilliant blue stained promastigotes 
of Leishmania donovani (Man/IN/80/Dd8) as described 
by Harith et al}' except that the organisms were grown 
in L-15 plus 10% foetal calf serum (FCS) medium'^ in 
place of RPMI-1640 plus 15% FCS. 

The test was carried out essentially as described by 
Harith et al."''' using Laxbro V-shaped well microtitre 
plates. Briefly, serum samples were diluted in a diluent 
containing 0.9% (w/v) NaCl, 0.2% (w/v) gelatin (Difco 
Laboratories, Detroit, Mich) and 0.78% (v/v) 2- 
mercaptoethanol. Serum samples were serially diluted 
double fold (1 :200 to 1 :409600). The first well of 
plate was used as antigen control containing only the 
diluent and no serum. Equal volume (50 p.1) of antigen 
suspension (70 million promastigotes/ml) was added to 
each well, including the controls. We routinely employed 
3-4 h incubation period at 18°C to 20°C before reading 
of the DAT results. 

The titre is defined as the highest dilution at which 
agglutination is still visible. In comparison to the blue 
dot present in the negative control wells, this aggluti¬ 
nation shows as blue mats. Chi-square test was applied 
to test the significance among the percentage of sero¬ 
positive cases in different wards. Significance of positivity 
rate between male and female subjects was tested by Z-test 
for proportion. Mann-Whitney U-test was applied to 
evaluate significance between different age groups. 

Of the 2182 subjects from seven wards surveyed, 590 
were found positive for kala-azar (27% positivity) by 
DAT (Figure l);<The seropositives comprised of cases 
with fever and allied symptoms and frank Leishmania- 
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related symptoms, post-treated cases and asymptomatic 
subjects (Table 1). 

Figure 2 shows that percentage of seropositive cases 
differs significantly (P < 0.01) among the wards surveyed. 
Rastapur, Golaghat -and Ramna Malahiya were highly 
endemic whereas Ramnagar Malahiya, Sujabad and 
Ashram-Samadhi had very low positive cases. 

All the ten cases having clinical symptoms of kala-azar 
(fever, weight-loss, hepatosplenomegaly) showed posi¬ 
tivity by DAT. The antibody titre ranged from 1 : 3200 
to 1 : 102400 (Figure 1, Table 1). Seven of the cases 
were also positive by BM biopsy. All the ten cases 
irrespective of parasite positivity responded well to the 
stibanate therapy. 

Out of 197 cases with history of fever, cough and 
anorexia, 131 (66.5%) were positive to DAT. 

Amongst the 27 cases who were undergoing treatment 
for kala-azar or who had completed treatment within 6 
months, 26 cases (96.2%) showed positive response by 
DAT, After 4-5 months, 11 cases could be followed-up, 



Figure 1. Results of kala-azar survey in Varanasi district by direct 
agglutination test (DAT). 


Table 1. Results of kala-azar survey in 


two became negative in DAT, one converted into PKDL 
and the rest 8 showed declining trend in antibody titre 
(Figure 1, Table 1). 

Four hundred twenty-three (423) subjects out of 1948 
with no symptoms of kala-azar were also found positive 
in DAT. These presumably were exposed cases. The 
antibody titre ranged between 1 :3200 and 1 : 12800. 

Ten asymptomatic subjects found positive in the first 
visit when retested on follow-up 4-5 months later were 
found to have full-blown disease, indicating the useful¬ 
ness of DAT in the early diagnosis of leishmaniasis. 
The findings point towards future kala-azar epidemic 
(Figure 1, Table 1) in Varanasi. ^ 

Among the 130 cases from Ashram-Samadhi, 33 cases 
were leprosy patients. All these gave negative response 
by DAT conforming with earlier findingsof no cross 
reaction with leprosy. 

Of the 2182 subjects, 1306 (59.9%) were males and 
876 were females (40.1%), and DAT positivity was 
25.3% and 29.6% respectively (Figure 3). Although the 
percentage positivity in females was higher only by 
4.3%, it was statistically significant (P<0.05). 

Although age-wise there is no perceptible difference 
in the seropositivity (NS), the percentage of female 
sero-positives was little higher (39%) than males (34%) 
in the 25-34 years age group (Figure 4). 

Sporadic cases of kala-azar have been reported from 
a few districts of eastern A large number of 

visceral leishmaniasis cases were reported from Bhadohi 
district adjacent to Varanasi^l It was believed that the 
disease had been transmitted to the local population by 
infected labourers coming from Darbhanga district (Bihar) 
about a few years ago and engaged in the carpet industry 
in Bhadohi. 

Unconfirmed visceral leishmaniasis is a diagnostic 
dilemma for clinicians in kala-azar-endemic centres. The 
clinicians have to choose between the risk of delaying 
or withholding treatment for visceral leishmaniasis 
patients and prescribing anti-leishmanial drugs for others 
free of Leishmania infection. 

Varanasi district by direct agglutination test 

Total cases surveyed: 2182 


Category 

No. of cases 
studied 

No. of cases positive 
by DAT 

Per cent 
positivity 

Cases with fever and cough 

197 

131 

66.5 

Cases with kala-azar and related 
symptoms 

10 

10 

100.0 

Asymptomatic (exposed?) 
subjects 

1948 

423* 

21.7 

Patients undergoing treatment or 
post-treated cases 

27 

26 

96.3 


Test dilution, I : 3200. 

*Ten subjects on follow-up developed full-blown disease. 
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Figure 2. Prevalence of seropositives in different wards of Varanasi 
surveyed. 



Figure 3. Prevalence of seropositives by sex. 


DAT originally developed by Harith et has shown 
high order of sensitivity and specificity in different 
countries"-'*^"'*. The ease of conducting the test and cost 
effectivity make the test very useful for community-based 
diagnosis. Hence, this test was employed in the present 
study. 

We estimated the seroprevalence rate using DAT in 
seven wards of the Varanasi district covering 2182 native 
population. Among these, three wards have shown 
significant seropositivity. The overall prevalence rate 
was found to be 27% and these comprised of cases 
with different disease status. 

Ten cases possessed positive symptoms of kala-azar 
and of these, seven were also positive by BM biopsy. 



AGE (Years) 


Figure 4. Age-wise direct agglutination test response in male and 
female seropositives. 

In the rest three, the parasitological confirmation could 
not be achieved. All the ten DAT positives responded 
well to the stibanate therapy. A large number (423) of 
asymptomatics found positive to kala-azar is an alarming 
signal. 

In leprosy-ashram, 33 cases suffering from leprosy 
and found negative in DAT further endorsed our earlier 
findings'^ on the specificity of the test. As reported 
earlier'®, we also found females to be more susceptible 
to kala-azar infection than males. 

Certain reports^'^' indicate that children are more 
prone to kala-azar than the adults, but our study did 
not show any pattern in favour of any age-group. The 
reason could be the limited population size studied and 
the extension of survey in other wards may reveal clear 
picture. 
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Active transposable elements in 
Indian maize germplasm and 
assorted genetic testers 

B. M. Prasanna and K. R. Sarkar 

Division of Genetics, Indian Agricultural Research Institute, 

New Delhi 110 012, India 

The distribution of genetically active maize trans¬ 
posable elements, I/g, MrA, En iSpm)^ Cy and 
was surveyed in diverse maize germplasm acclimatized 
or indigenous to India. Active Uq elements were 
uncovered in several entries, including TEW Drought 
Tolerant Synthetic-2, NEH collections ~ K-2, M-5, M-6 
and M-10, CMlll, ACR-marked haploidy tester line 
6187, besides g r-g and cl anthocyanin gene testers. 
Active En elements were detected in M-6 and M-10, 
while a weakly active En element was found in the 
Pool 16 population. Mrh and Uq elements with very 
low mutability were also found in TEW Drought 


Tolerant Synthetic-2 and EEY-DMR, respectively. 
Active En and Bg elements were detected in some 
C-/-marked lines such as 6191A and 6193F, respec¬ 
tively. The study revealed the widespread occurrence 
of Uq in Indian maize germplasm. The pervasiveness 
of active transposons such as Uq in maize germplasm 
and genetic testers without conscious selection for 
their presence is interesting in view of the proposed 
role of mobile elements in generation of genetic varia¬ 
bility. 

A transposable element system consists of a receptor 
and its respective regulator (a receptor is usually a 
deficient derivative of a regulator). The interaction 
between a receptor and a regulator of an element system 
is usually specific so that a receptor for an element 
like Ubiquitous (Uq) will reveal the presence of Uq but 
will not give any information on the presence or absence 
of other regulators. This specificity is the basis for 
distinguishing controlling element systems from each 
other. Several transposable element systems of maize 
have been well-characterized at the genetic level and 
detailed molecular analysis of some elements and the 
mutable alleles generated have already been made in 
the last decade*-^ 

Mobile Element Receptor Line (MERL) contains a 
receptor element (non-autonomous) for a specific element 
system in a homozygous state. These lines usually have 
colourless (non-variegated) kernel phenotype unless an 
active element of that system is present in the genome 
in which case the kernels will have coloured spots 
(excision events) on a colourless background. Probing 
the maize material to detect active mobile elements 
using MERL is a rapid, simple and accurate way. 
Molecular probing is not ideally suited to reveal the 
actual content of genetically active transposable elements, 
since (i) multiple copies of sequences homologous to 
the elements such as En and Ac are found in maize, 
which do not necessarily represent the number of active 
elements present; 30-50 homologous sequences may be 
found for a specific element in a plant containing only 
one genetically active element for which probing is 
carried out; and (ii) some elements such as Uq, Mrh 
and Cy have not been cloned. 

The genetic strategy using MERL has been successfully 
used by Peter A. Peterson and associates'^"^'. The perva¬ 
siveness of genetically active mobile elements, such as 
Uq and Mrh, in the maize breeding material as well as 
lines native to Mexico, South America and USA, and 
the significance of such activity in the maize breeding 
material has been emphasized ealTier^"^ The consequent 
effects of imprecise excision of the plant transposable 
elements on base pair sequences of the target genes 
in which they are inserted and the possibility of 
generation of genic and protein diversity has been well- 
established'-^"^'. Detection of the widespread occurrence 
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and persistence of active mobile elements such as Vq 
in maize breeding populations, even after several cycles 
of selection, led to the hypothesis that such elements 
may be beneficial to the population by creating new 
genetic variation that can be selected by the breeders^ 
Although the actual relationship between transposable 
elements and genetic variability observed in the maize 
breeding populations is yet to be determined, stable 
genetic variation can often result from the allelic dif¬ 
ferences created by ’transposon footprints’ generated in 
the host genes upon element excision; also, such variation 
can result from the permanent fixation of a transposable 
element at a particular locus, as has been demonstrated 
in the case of A2 locus‘I With this background, a study 
was undertaken to genetically screen the available Indian 
maize germplasm and some assorted genetic tester stocks 
for the presence of active transposable elements. 

The material included diverse maize germplasm com¬ 
prising maize populations being used for the development 
of inbred lines, assorted genetic tester stocks, some 
Mexican races and entries from the NEH maize collection 
(Table 1), which includes one accession from Arunachal 
Pradesh (A-2), seven accessions from Meghalaya (M-5, 
M-6, M-8, M-9, M-10, M-12 and M-18), one from 
Kalimpong (K-2) and four from Sikkim (S-24, S-38, 
S-45 and S-54). The crossing scheme to uncover the 


Table 1. Source of the maize material used in the study 


Material 

Source 


PopulatioiivS 

Directorate of Maize Research, 

New Delhi 


Inbred lines 

Directorate of Maize Research, 


New Delhi 


NEH germplasm 

Division of Genetics, lARl, 
Delhi 

New 

Races 

Division of Genetics, lARI, 
Delhi 

New 

Genetic tester stocks: 



ACR-marked haploidy 

Division of Genetics, lARI, 

New 

tester lines 

Delhi 


C-/ marked haploidy 

Division of Genetics, lARI, 

New 

inducer lines (HIL) 

Delhi 


S r-g 

Division of Genetics, lARI, 
Delhi 

New 

cl tester 

Maize Genetics Stock Center, 

USA 

Chr. 3L tester 

Maize Genetics Stock Center, 

USA 

Chr. 7S tester 

Maize Genetics Stock Center, 

USA 

Mobile Element Receptor 



Lines (MERL): 



a-ruq 

G. F. Sprague 


c-ruq 

P. A. Peterson 


a-mrh 

E. Dempsey 


a-m{ r) 

P. A. Peterson 


bz-rcy 

P. A. Peterson 


o2-m(r) 

M. Motto 



active regulatory elements in the maize material involved 
crosses with the MERE lines, c-ruq, a-ruq, a-mrh, 
a-m(r), bz-rcy and o2-m(r). In all entries, at least 2 to 
4 plants of the line to be tested were crossed by MERE. 
The resulting F^s were coloured, mottled or colourless 
(depending on the presence of anthocyanin genes in the 
line). The F, progenies were handled by selfing or 
backcrossing to the same MERE or a recessive line to 
uncover the specific recessive marker used with MERE, 
Testing 28 gametes provides a 0.95 probability of 
detecting an element if it is present at a frequency of 
at least 0.1 (ref. 13). One plant represents the genetic 
material from two gametes in the population. This 
requires, therefore, a minimum of 14 plants to detect 
an element present at a frequency of at least 0.1. This 
requirement was sought to be fulfilled in as many entries 
as possible. 

The exposure of any MERE to an active regulatory 
element triggers a spotting pattern in the resultant pro¬ 
geny. The F^ and testcross progeny were evaluated for 
the presence or absence of mutability of the alleles of 
the MERE series (Table 1). If the reporter allele is 
unstable (a variegated or spotted phenotype), then the 
population or line contains at least one active copy of 
the con'esponding transposable element. On the other 
hand, stability of the reporter allele would indicate a 
lack of the corresponding transposable element. In those 
cases where mutability was detected, the patterns were 
very distinctive and recognizable, symptomatic of a 
specific element system. With o2-m(r), a sectoring of 
o2 to 02 was evaluated. The a-mrh line had the additional 
waxy (wx) marker that was segregating in the F^ popu¬ 
lations. The a-fn(r) allele (for the presence of En) was 
followed by the linked sh2 marker. In this case, no 
dots or sectors were seen on shrunken kernels, indicating 
absence of En activity. Only ears which were segregating 
3 : 1 for coloured, plump vs colourless, shrunken kernels 
were considered. Similarly, the appearance of bronze 
kernels with coloured spots indicates the presence of 
one or more genetically active Cy mobile elements in 
the stocks. 

If the testcross or F^ progeny in an ear segregated 
for kernels containing coloured spots on a colourless 
background, the plant from the population that produced 
the ear was scored as containing at least one copy of 
an active element. Ears without spotted kernels and 
containing fewer than 33 kernels were discarded to 
minimize the risk of scoring a plant as lacking an active 
element due to unintentional outcrossing and small 
sample size. 

Active Uq element was found in several of the entries 
tested (Table 2), such as the NEH strains M-5 and M-6 
(Figure 1 a), TEW Drought tolerant Synthetic-2 (TEW 
DT Syn.2) (Figure 1 b), and in genetic tester stocks, g 
r-g and the cl anthocyanin gene testers. Mutability 
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Tabic 2. Results of tests for genetically active transposable elements in diverse maize lines" 






Activation 

of MERL 



Material 


ci-nuj 

c-rucj 

a~mrli 

bz-rcy 

a-m(r) 

o2~m(r) 

Populations 

Pool 16 

TC 

0/28 


0/16 

0/24 

0/16 

- 



- 

- 

0/10 

0/6 

1/13* 

- 

Raffary Arnold 

TC 

0/12 

_ 

- / 

0/18 

1/4* 

- 

Pool 18 Sequoia 

TC 

0/4 


0/27 

- 

- 

- 



0/23 

0/3 

- 

- 


-■ 

TEW DT Syn.2 

TC 

5/11 


1/58* 

_ 

- 



P2 

0/5 

-- 

- 

- 

- 

-* 

EEY-DMR 

TC 

2/22^ 

- 


- ■ 

- 

_ 


p2 

0/7 

- 

- 

- 

- 

- 

Inbrcds 

CM 105 

TC 

0/26 

- 


0/29 

0/12 

0/16 


P2 

0/15 

0/18 

- 

0/20 

0/15 

0/5 

CM 111 

TC 

6/18 

- 


0/21 

- 

- 

6910 

P2 


0/30 

- 

- 

- 

0/22 

6924 

TC 

0/6 

- 

- 

- 

- 

- 


P2 

0/9 

- 

- 

- 

- 

- 

6917 

TC 

1/18* 

- 

... 

- 

- 

~ 

6920 

TC 

0/23 

-- 

- 

- 

- 

- 


P2 

0/8 



- 

- 

- 

Races 

Cel ay a 

TC 

0/17 

- 

0/27 


- 

- 


P2 

0/24 


- 

- 

- 

- 

Canoor 

TC 


- 

0/13 

- 

- 



P2 

0/16 

- 

- 

- 

0/16 

- 

Harinoso de Ocho 

TC 

- 

- 

0/15 

- 

- 

- 


P2 

0/10 

- 

0/22 


- 

- 

Arrocillo Amarillo 

TC 

- 

- 

0/11 

0/22 

- 



P2 

- 

- 

0/23 

_ 

- 

- 

Nal Tel 

TC 

- 


0/30 

- 

- 

0/14 


P2 

- 

- 

0/5 

- 

- 

0/24 

NEH germ plasm 

A-2 

P2 

0/27 

- 

- 

- 

- 

- 

K-2 

TC 

1/25* 

0/7 

0/49 

0/12 

0/29 

0/1 


P2 

0/32 

0/16 

- 

0/9 

- 

4/13 

M-5 

TC 

- 

- 

0/21 

0/32 


0/28 


P2 

9/13 

- 

0/13 

0/24 

- 

- 

M-6 

TC 

14/18 


- 

0/26 

4/9 

0/13 


F, 

4/5 


3/3 

- 

0/23 

0/15 

M-8 

TC 

0/15 

0/7 

0/23 

- 

- 

- 


P2 

0/14 

1/16* 

0/5 

- 

- 

- 

M-9 

TC 

- 

-* 

- 

- 

1/9* 

0/18 


pj 

0/19 

_ 

- 

- 

_ 

0/23 

M-10 

TC 

2/19* 

1/9* 

0/19 

0/13 

6/12 

- 


F, 

0/7 

1/13* 

- 

0/18 

0/13 

- 

M-12 

TC 

0/10 

- 

- 


- 

- 


P2 

0/11 

-> 

- 

- 

- 


M-I8 

TC 

0/28 

0/15 

- 

0/22 

- 

- 

S-24 

TC 

0/24 

- 

- 

- 

- 

0/27 


P2 

0/12 



- 

- 

0/14 

S-38 

TC 

0/19 

- 

- 

— 


_ 
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Table 2. (Contd) 





Activation of MERL 



Material 


a-nicj 

c-ruq 

a-mrh 

bz-rcy 

a-m(r) 

o2’tn( r) 

S-45 

TC 

_ 

0/32 

- 

- 



S-54 

TC 

- 

- 

- 

0/28 

~ 

" 

Genetic stocks 








(i) ACR 







0/27 

6185 

TC 

0/16 

- 

0/13 

0/13 

0/6 


F2 

_ 


mi 

0/16 

0/15 

0/13 

6187 

TC 

8/8 

- 

0/11 

0/25 

0/13 

- 


F2 

27/27 

- 

2/8* 

0/14 

0/5 

- 

6188 

TC 

0/15 

- 

_ 

0/28 

- 

- 


F2 


- 

- 

0/11 

- 

- 

6184 

TC 

0/23 

- 

0/11 

- 

- 

- 


F2 

- 

- 

0/18 

- 


- 

(ii) C-I 








6189 

TC 

- 

- 

0/11 

“ 


— 


F2 

- 

- 

- 

- 

0/13 

_ 

6190C.2 

TC 

- 

- 

0/15 


~ 

- 

6191A 

TC 

- 

- 

0/48 

- 

5/12 

- 

6191C 

TC 

- 


- 

- 

- 

mi 


P2 

_ 

- 

0/18 

- 

- 

0/20 

6192 

P2 

- 

- 

- 

- 

0/12 

- 

6193B 

TC 

- 

- 

0/18 

0/6 

0/18 

- 


^2 

- 


- 

0/3 

0/41 

- 

6193C 

TC 

_ 

- 

0/14 

- 

- 

- 


F2 

■ - 

- 

- 

- 

0/22 

- 

6193E.2 

TC 

- 

- 

O/IO 

- 

- 

- 


F2 

_ 

_ 

0/3 

- 

- 

- 

6193F 

TC 

_ 

- 

_ 

0/45 

- 

2/2 


F2 


- 

- 

- 

0/17 

- 

61931.2 

TC 

- 

- 

0/8 

- 

- 

- 

(Hi) S r-8 

TC 

4/18 

- 

0/15 

- 

_ 

— 

(iv) cl tester 

TC 

- 

18/27 

0/19 

- 

- 

— 

(v) Chr. 3L tester 

TC 

- 

0/16 

" 

0/24 

- 

_ 

(vi) Chr. 7S tester 

TC 

- 

0/19 

— 

0/11 




"Figures represent the number of cobs displaying active element activity out of total cobs screened; TC - Testcross; 
*Ear(s) with very low mutability/single-spot kernels. 


pattern characteristic of Uq was observed in each of 
the 27 cobs scored in the AC/?-marked haploidy tester 
line 6187, clearly indicating that each contributing gamete 
from this line harboured at least one active copy of the 
element. In contrast, a weakly active Uq element was 
detected in M-8 and M-10 (Figure 1 c). Also, in EEY- 
DMR, single-spotted kernels with Uq were seen in two 
testcross ears. Further tests are needed to find out 
whether the single-spotted Uq mutability pattern is due 
to the activation of the resident Uq ox due to a change 
at the receptor element. 

Active Mrh was detected only in M-6. In TEW DT 
Syn.2, kernels with very low mutability of Mrh were 
found in 1 out of 58 testcross ears (Figure \ d). Similarly, 
very few kernels with low Mrh mutability could be 
observed in two of the eight ears screened in the ACR 
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genetic tester, 6187. In contrast, 6184, 6185 and 6188 
did not reveal the presence of any active mobile element 
for Uq, Mrh, Cy, En and Bg systems. 

Active En element was detected in the NEH strains 
M-5 and M-10, and in a C-/-marked HIL 6191 A, while 
a very low mutable En was found in M-9. Pool 16 and 
Raffary Arnold also showed weakly active En elements 
in the limited samples tested. Active Bg {Bergamo) 
element could be detected in K-2 and a C-/-marked 
HIL 6193F. 

These observations indicate that the NEH germplasm 
do harbour some active transposable genetic elements 
which can generate further variability. Also, it will be 
interesting to analyse the influence, if any, of the active 
transposable elements such as Uq on the patterns of 
haploid induction frequencies in tho ACR- and C-/-marked 
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Figure 1. Segregation for kernels with fine-spotting pattern of Uq in the Fj progeny of M-5 (NEH 
strmn) X a-ruq (a); mutability for Uq expressed in the progeny of TEW DT Syn.2 population x a- 
{h)\ very low mutability for Uq in the testcross progeny of M-10 (NEH strain) xc-my (c); and weakly 
active Mrh with mutability in a few kernels detected in the F2 progeny of TEW DT Syn.2 x ct-mr/i {d). 


genetic testers, which are capable of producing 5-6% 
maternal haploids through the ‘genetic selection tech¬ 
nique’ 

The inbred lines, in general, did not reveal the presence 
of any active element. Interesting, however, was the 
occurrence of active Uq elements in CMlll, another 
popular inbred line, and weakly active Uq in another 
inbred 6917. In case of inbreds, the manner of achieving 
homozygosity, coupled with the uniformity sought by 
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the breeders should quickly eliminate active mobile 
elements. It is surprising, therefore, that active Uq is 
still present in CMlll. Peterson*^, in a similar study, 
reported the presence of an active En element in 
homozygous condition in an inbred 4Co63. While the 
presence of active mobile elements in the maize popu¬ 
lations can be of some value to the maize breeder, since 
plant transposable elements by virtue of imprecise 
excision from the target genes can generate considerable 
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variability, as earlier studies clearly demonstrated^^ the 
same can be a major bottleneck in maintaining the purity 
of inbred lines. 

The inability to detect active mobile elements in some 
of the material tested might also be likely due to small 
sample sizes. An interesting feature was the detection 
of active mobile elements in some entries where the 
sample sizes were very low. The manner of testing, 
however, precluded the possibility of ascertaining whether 
individual plants that showed presence/absence of mu¬ 
tability for a specific element system such as Uq harbour 
any other known or unknown mobile elements. 

The present study reinforces the pervasiveness of 
genetically active transposable elements, particularly Uq, 
in maize lines from diverse geographic regions, including 
India, Several workers reported the occurrence of active 
Uq in breeding populations in USA such as Hays Golden, 
Iowa Long Ear, Iowa Stiff Stalk Synthetic (BSSS), 
BSll, Lancaster and Kolkmeier and Illinois High Oil 
and High Protein Lines, besides genetic tester stocks 
and commercial inbred lines^’*^“^^^ That it was found in 
a number of genetic testers, including those obtained 
from the Maize Genetics Stock Center, USA may also 
be not surprising. Most of these testers originated from 
the original Cornell collection in which all the colour 
genes were assembled for the development of coloured 
aleurone testers; this might have led to the spread of 
the elements throughout the genetic tester stocks which 
are often used. Though Mrh and En were not as ubi¬ 
quitous as Uq^ they were present in either strongly 
active or weakly active state in some of the lines. In 
contrast, active Cycler (Cy) element could not be detected 
in any of the maize material assayed. Schnable and 
Peterson^ ‘ could earlier detect^strongly active Cy elements 
only in the progenitor TEL population and Mutator- 
derived lines, while weakly active Cy elements were 
found in several genetic stocks and plant introduction 
accessions. 

This investigation, in which five of the many geneti¬ 
cally characterized transposable element systems in maize 
were used, is the first attempt to screen selected Indian 
maize germplasm and genetic tester stocks which are 
often used in experimental studies, such as haploid 
induction, for the presence of active mobile elements. 
Screening for all the five element systems under study 
could not be done in all the entries, mainly due to lack 


of synchronization in flowering with the MERL. Further 
studies are also needed (i) to ascertain the presence of 
other well-characterized transposable element systems in 
maize, such as Ac/Ds\ and (ii) to analyse the possible 
effects of the active elements on the maize material 
assayed. 
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Callusing from rice root explants: 
Adventitious root formation precedes 
callus initiation response 

Arnab Mukhopadhyay, Deepika Minhas and 
Anil Grover 

Department of Plant Molecular Biology, University of Delhi South 
Campus, Benito Juarez Road, Dhaula Kuan, New Delhi 110 021, India 

The phenomenon of adventitious root induction from 
various parts of the plant system under specific 
experimental conditions is widely practised. We note 
in this study that roots excised from 7-day-old rice 
seedlings when cultured on Murashige and Skoog’s 
nutrient medium supplemented with 2,4-dichloro- 
phenoxyacetic acid produced a large number of 
adventitious roots. It was further noted that the basal 
cells of the adventitious roots dedifferentiate to form 
calli masses. This response of adventitious root 
formation and callusing was 100% as all the tested 
root explants formed adventitious roots. Apart from 
four different cultivars of rice, three other genera 
namely wheat, maize and brassica showed formation 
of adventitious roots and calli under culture condi¬ 
tions. The monocot genera (rice, wheat and maize) 
showed more conspicuous rooting and callusing 
response as against brassica (a dicot). Adventitious 
root-derived rice calli were shown to regenerate shoot 
primordia with high frequency (88%) upon transfer 
to the same medium devoid of 2,4-dichlorophenoxy- 
acetic acid. 

It has been shown that many plant parts form adventitious 
roots from cutting (explant) under specific conditions 
which among other variables, include auxin treatment*. 
Production of adventitious roots is considered to be an 
important phenomenon for asexual propagation of the 
plants*. Apart from propagation, these roots can be used 
for numerous other applications including secondary 
metabolite production^. There is a wide range in adven¬ 
titious root-forming ability in plants which can vary 
from those which easily root to those which do not^. 
There is no detailed study on adventitious root-forming 
ability in rice which is an agronomically important crop. 
Our laboratory has interest to establish protocols of rice 
tissue culture methods for the genetic transformation of 
this crop with agronomically important genes. For this, 
we are testing the callusing response of different explants 
from rice seedlings to different combinations of nutrient 
adjuvants. In the course of this search, we find that 
detached roots of young rice seedlings (from lour dif¬ 
ferent cultivars) as well as three other genera (namely 
wheat, maize and brassica) develop a large number of 
adventitious roots in Murashige and Skoog"* medium 
(MS medium) supplemented with synthetic auxin 2,4- 
dichlorophenoxyacetic acid (2,4-D). We further note that 


instead of developing into normal functioning roots, 
these adventitious roots form callus from their basal 
portions on the same medium. These calli regenerated 
shoots with high frequency in hormone-free MS medium. 

Dehusked rice (Oryzci sativa L. cvs Taipei 309, IR 
54, Basmati 370 and Pusa 169) seeds were surface- 
sterilized using 0.1% HgCl^ for 20 min, while wheat 
{Triticum aestivum cv Punjab 1) and maize {Zea mays 
cv Agaiti) seeds were surface-sterilized with the same 
reagent for 10 min. Brassica (Brassica juncea cv RLM 
198) seeds were surface-sterilized using 5% detergent 
solution (5 min), 70% ethanol (2 min) and 4% sodium 
hypochlorite (9 min) with 3-4 washes after each step 
with sterile distilled water. The seeds were subsequently 
washed with sterile distilled water (4-5 washes) and 
kept soaked overnight and germinated in 250 ml flasks 
(10 seeds per flask) on MS medium supplemented with 
100 mgr* myo-inositol, 0.1 mg P* thiamine-HCl and 
30 mg r* sucrose. The pH of the medium was adjusted 
to 5.8, to which agar powder was added to final con¬ 
centration of 0.8%, prior to autoclaving. The flasks 
containing seeds were placed in dark for two days and 
then transferred to light (12/12 h light-dark cycles) in 
a culture room at 26± TC. Callus tissues were initiated 
from roots employing two portions of the detached roots 
(from 7-day-old seedlings) namely (a) proximal to root 
tip portion (nearly 10 mm from the tip portion) and (b) 
distal to root tip (two segments of 10 mm each, excised 
from the roots after the proximal 10 mm is removed) 
for all the experimental species. These portions for rice 
seedlings are shown in Figure 1 a. Root cultures from 
both these portions were initiated on MS medium con¬ 
taining 2.5 mg or 3 mg 1“* 2,4-D, in dark. For regeneration 
of shoots, the calli were transferred to the MS medium 
(devoid of 2,4-D), supplemented with 2 g 1"* casein 
hydrolysate. 

Rice (cv Taipei 309) seeds placed on MS medium 
formed embryonic axis with distinctive shoot and root 
portions as shown in Figure 1 a. The detached root 
portions placed on MS + 2,4-D medium showed distinc¬ 
tive nodular appearance due to initiation of adventitious 
root primordia all through its length (Figure 1 b, this 
figure also shows formation of calli masses from the 
adventitious root primordia , see later part of this paper 
for discussion). The number of adventitious roots were 
noted to be higher near the root tip portions (shown 
by arrow in Figure 1 b) as compared to distal root tip 
portions (shown by arrowhead in Figure 1 b). This 
response of adventitious root formation was 100% as 
all the tested root explants formed adventitious roots 
(Figure 1 b). Further, the events of the adventitious root 
formation were analysed in detail. The proximal root 
tip portions showed a swollen appearance (possibly due 
to dissolution of their cortical cells) within three days 
of culturing (Figure Id). From the interior tissues of 
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Figure 1. a. Seven-day-old intact rice seedling showing the growth stage of roots which were used as explants in this study. The regions of 
one such roots representing proximal to root tip portion (box 1) and distal to root tip portion (box 2) employed for the induction of adventitious 
roots are highlighted, b. Whole roots (after detachment from the seeds as well as the embryonic shoot portions) showing the profused adventitious 
roots/callusing (see text for details) after 25 days of culturing on MS medium supplemented with 2.5 mg I"' 2,4-D. Arrow and arrowhead indicate 
proximal to root tip and distal to root tip portions of one of the roots, respectively. 


the pericycle, distinctive primordia representing adven¬ 
titious roots were initiated (Figure 2 b) which on further 
growth showed finger-like appeai*ance (Figure 2 c). These 
structures showed root hairs in several instances and 
were positively geotropic (in later part of their deve¬ 
lopment some of the adventitious roots curled backwards 
to touch the medium) (Figure 2 e). These newly-formed 
roots caused rupturing of the cortical cells to emerge 
outwards on the surface (Figure 2 b). The cortex was 
seen to slough off and degenerate. The number of 
adventitious roots on the surface was as many as 40 
within a region of 5-6 mm of the explant from root tip 
portion (Figure 2 c). These roots appeared as rows (3-5 
in number per explant) of finger (Figure 2 c). In sub¬ 
sequent course of development, callusing appeared at 
the basal region of the newly formed adventitious roots 
and proliferated towards the tip region (shown by arrow 
in Figure 2 cl). 

Initiation of adventitious root formation was also 
prominent when the portion distal to these root tips was 
placed on the MS-f 2,4-D medium. Within 15 days of 
the initiation of the adventitious roots, compact and 
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nodular callus masses were formed from the base of 
these roots (Figure 3 a). Calli derived from the explants 
representing distal portions were mucilaginous in the 
beginning; in contrast, pale yellow, compact and nodular 
calli obtained from proximal regions right from the 
beginning. The clustering of the adventitious root pri- 
mordia/calli was more in explants representing proximal 
portions than the explants from the distal portions (as 
seen with the whole root section shown in Figure 1 b). 
While the precise reason(s) for this differential response 
are not known‘’^ it is possible that (a) proximal region 
has different hormonal status as compared to the distal 
portion, (b) the two regions have differential sensitivity 
to the applied 2,4-D and/or, (c) the adventitious roots 
appeared from preformed primordial buds which were 
more tightly placed at the actively dividing proximal 
region which got gradually spaced out in the distal part. 
It is thus shown in this study that the detached roots 
of rice respond to culturing conditions in presence of 
2,4-D through the formation of incipient adventitious 
roots that give rise to the callus. It is noteworthy that 
the formation of calli from rice root explants has earlier 
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Figure 2. a. Appearance of the adventitious root primordia 2 days after placing of the rice root explant on the 2,4-D 
supplemented MS medium. Arrows indicate portions of root tip region showing early stages of the activation of adventitious 
primordia. /;, The adventitious root initials (shown by arrows) appear to disrupt the cortical cells to appear on the surface. 
The disrupted cortex is distinctively seen here, c, The organized primordia of the adventitious roots appear like rows of 
fingers with further growth, d, Following a week of appearance, the basal regions of the adventitious roots show signs of 
swelling (shown by arrowheads), e, The swollen portions of the bases of the adventitious roots showing distinctive root 
hairs (indicated by RH,). 
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been shown: however, it has been indicated that the 
callus^"^ or somatic embryosare formed directly from 
the root explants, which does not appear to be the case 
in our view. Importantly, callusing response in 2.5 and 


3 mg 2,4-D supplemented media appeared similar in 
degree. It was further seen that the formation of 
adventitious roots was reduced in number when distal 
and proximal to root tip portions were taken from 



Figure 3. a. Appearance of the proliferated callus mass (shown by arrowhead) at the base of the adventitious 
roots, b. Formation of shoot primordia on transfer of the calli to hormone-free MS medium (indicated by the empty 
arrows).' c. Appearance of the adventitious root primordia (shown by arrows) in cultured root explants in wheat. 
The tip portion of the root explant (indicated by RT) is shown, d. Regenerated rice plantlet from the callus formed 
from the basal portions of the adventitious root. 
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10-day-old rice seedlings, as compared to 7-day-old 
seedlings mentioned above. The adventitious roots were 
not formed when roots from 14-day-old seedlings were 
tested. These observations indicated that formation of 
adventitious roots is an age-dependent response. Similar 
findings have earlier been documented for other plant 
species ^ 

Formation of adventitious roots and their subsequent 
callusing from the basal regions in response to culturing 
conditions as shown above for rice cv Taipei 309 was 
seen in three other cultivars of rice as well (IR 54, 
Pusa 169 and Basmati 370). The degree of the response 
too was comparable in all the four cultivars. Apart from 
rice, wheat (Figure 3 c) and maize roots also showed 
similar responses (both in terms of adventitious root 
formation and callusing). These observations indicate 
that the culturing conditions employed here (i.e, MS 
medium + 2.5 mg 2,4-D; aseptic milieu) are highly 
suitable for the formation of adventitious roots from the 
roots of the above seedlings. In case of brassica, ad¬ 
ventitious root formation was appreciably delayed and 
the rooting and callusing response was much less con¬ 
spicuous as seen in rice. This might be a reflection of 
the requirements of different culturing conditions (in 
terms of 2,4-D concentrations, etc.) for the brassica 
seedlings which remains to be analysed. Callus pieces 
obtained from both explants (representing proximal and 
distal portions) of rice (Taipei 309) showed formation 
of a large number of green spots when transferred to 
the regeneration medium (Figure 3 b). The proximal root 
tip-derived calli appeared more efficient in producing 
green shoot initiation spots than the distal root-derived 
calli. Importantly, the proximal explants showed signifi¬ 
cant frequency of forming green spots (88%) even when 
placed in the regeneration medium after 9 days of callus 
initiation. The formation of green spots was 75% even 
after 36 days on the callus initiation medium. The 
formation of green shoot regenerated from such green 
spots is shown in Figure 3 d. 

Techniques for genetic transformation of rice such as 
electroporation , use of particle gun and more recently, 
through Agrobacterium have been optimized to a great 
extent’*. The availability of embryogenic calli in large 
amounts is an important input in rice biotechnology 
research’^. Methods which can increase root mass are 
desirable for the experiments involving root explants for 
raising calli. The suitability of the calli derived from 
the adventitious roots as compared to, for example, the 
seed-derived calli depends on the capacity of these calli 
to regenerate plantlets. Regeneration of shoot primordia 
in calli formed from adventitious roots was found to 
be high (both in terms of number of shoot primordia 
formed per callus as well as proportion of calli which 
formed the shoot primordia) in this study. It has earlier 
been shown that plantlets regenerated from the root calli 


do not show any morphological abnormalities and are 
fertile’*’. From this, it is inferred that the callus from 
adventitious roots is embryogenic. The cells taken from 
these calli were isodiametric, rich in cytoplasmic inclu¬ 
sions and were scantily vacuolated, indicating their high 
meristematic activity (data not shown). 

In conclusion, we highlight the following two points. 
Firstly, the formation of adventitious root primordia was 
seen to be a highly-synchronized response elicited by 
application of auxin. It represented a case of hormone- 
mediated redifferentiation (formation of adventitious 
roots) and redifferentiation (formation of calli from the 
base of the adventitious roots). It should be rewarding 
to use this system to work out early gene expression 
changes in studies aimed at understanding the basics of 
morphogenetic events under the control of hormonal 
action. Secondly, it is important to appreciate that the 
quantity of primary callus which can be obtained from 
root explants is significant as 4-5 roots are formed from 
each seed (up to 7 days of growth till which time the 
response of adventitious root formation was noted to 
be high in this study, see Figure 1 a) and each of these 
roots can give a large number of primary calli (more 
than 100 from a single root, see Figure \b). It is left 
to be determined how competent the adventitious 
root-derived calli are in uptake and integration of the 
foreign genes as compared to calli obtained from other 
explants (such as seeds). We are presently investigating 
utility of root-derived calli in genetic transformation 
experiments. 


1. Arteca R. N., in Plant Growth Substances: Principles and Appli¬ 
cations, Chapman and Hall, New York, 1995. 

2. Florefj, H. E. and Curtis, W. R., Ann. N. Y. Acad. ScL, 1992, 
665, 188-209. 

3. Davis, T. D. and Haissig, B. E., Biology of Adventitious Root 
Formation, Plenum Press, New York, 1994. 

4. Murasliige, T. and Skoog, F., Physiol. Plant., 1962, 15, 473-497. 

5. Torrey, J. G., Physiol. Plant., 1962, 15, 177-185. 

6. Kawata, S. 1. and Ishihara, A,, Proc. Jpn. Acad., 1968, 44, 549-553. 

7. Wu, L. and Li, H. W., Cytologia, 1971, 36, 411-416. 

8. Abe, T. and Futsuhara, Y., Jpn J. Breed., 1984, 34, 147-155. 

9. Abe, T, and Futsuhara, Y., J. Plant Physiol., 1985, 121, 11 1-118. 

10. Christou, P., Trends Plant Sci., 1996, 1, 423-431. 

11. Sticklen, M. B., J. Plant Physiol., 1991, 138, 577-580. 

12. Sivamani, E., Shen, P., Beachy, R. N. and Fauquet, C. M., Plant 
Cell Rep., 1996, 15, 322-327. 

ACKNOWLEDGEMENTS. Financial assistance to our laboratory from 
the Rockefeller Foundation, USA is gratefully acknowledged. D.M. 
thanks University Grants Commission, New Delhi for the award of 
Senior Research Fellowship. We thank Dr M. T. Jackson, international 
Rice Research Institute for the supply of IR 54 and Taipei 309 rice 
seeds. We also thank Heads of Genetics Division, Cereal Laboratory 
and NRC on Biotechnology (lARI) for the seeds of Basmati 370 and 
Pusa 169 rice cultivars, maize and brassica, respectively. 

Received 16 May 1997; accepted 16 July 1997 


CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 


469 


RESEARCH COMMUNICATIONS 


Protective effect of /3-carotene on 
radiation-induced lipid peroxidation 

S. Ramesh, Kailash Manda and A. L- Bhatia 

Department of Zoology, University of Rajasthan, Jaipur 302 004, India 

The effect of ^-carotene against radiation-induced 
lipid peroxidation was studied in Swiss albino mice, 
which were administered oral dose of /S-carotene for 
two weeks. After two weeks, the animals were exposed 
to 3 Gy of gamma radiation. The animals were 
sacrificed 24 h post exposure and liver and spleen 
were removed for the biochemical estimation of lipid 
peroxidation. The result indicates that /3-carotene 
prevents the radiation-induced lipid peroxidation in 
mice liver and spleen. 

Lipid peroxidation has been implicated in diseases such 
as atherosclerosis^ cancer^ and ageing^ It is known that 
ionizing radiation causes lipid peroxidation"^’^ and 
damages cellular macromolecules. There are some reports 
demonstrating the protective effects of j3-carotene on 
radiation-induced DNA damage^ and chromosomal 
aberrations^. However, there are no such reports on the 
membrane damage induced by radiation which is a major 
clastogen and capable of producing highly reactive 
oxygen intermediates implicated in various diseased 
conditions. 

/8-carotene, one of the carotenoids, has been thought 
of value to humans and other species not only as a 
precursor to vitamin A but also for having excellent 
antioxidant properties^ Besides being an antioxidant and 
precursor to vitamin A, /8-carotene may be more important 
in our diet than vitamin A for the following reason. 
People with low tissue levels of /3-carotene were found 
to be usually prone towards getting a number of different 
types of cancer^. Protection by /8-carotene and related 
compounds against oxygen-mediated cytotoxicity and 
genotoxicity with respect to implications for carcino¬ 
genesis and anticarcinogenesis have been demon- 
strated^^^’*^ As radiation damage also occurs due to the 
attack of free radicals on cell membranes, decrease or 
removal of free radicals might lead to a decrease in 
the extent of damage. The present study is hence an 
attempt to document the effect of /S-carotene admini¬ 
stration against gamma radiation-induced lipid peroxi¬ 
dation. 

/3-carotene and thiobarbituric acid were purchased from 
Sigma, USA. All other chemicals used were of analytical 
grade. Swiss albino mice were divided into four groups. 
The first group served as control (did not receive any 
treatment). The second group was administered/3-carotene 
(50 mg/kg body weight) orally for two weeks. The third 
group was exposed to 3 Gy of gamma radiation to study 
the radiation-induced lipid peroxidation. The fourth group 


was administered /3-carotene (50 mg/kg body weight) 
orally for two weeks. After treatment with /3-carotene, 
the fourth group was exposed to 3 Gy of gamma radiation 
to study the effect of /3-carotene against radiation-induced 
lipid peroxidation. 

The animals were sacrificed 24 h after the radiation 
exposure. Liver and spleen were removed for the bio¬ 
chemical estimation of lipid peroxidation by the method 
of Okhawa et alP, using tetramethoxypropane (malon- 
dialdehyde) as the standard. Protein was estimated by 
the method of Bradford^^, using bovine serum albumin 
as the standard. Other groups were also sacrificed 
simultaneously. The endpoint has been expressed as 
thiobarbituric acid reactive substances (TEARS) or MDA 
equivalents. 

Table 1 shows that radiation induced the lipid per¬ 
oxidation as reflected by the TEARS equivalents content 
which increased in liver to 21.4 nmol/mg protein and 
in spleen to 25.7 nmol/mg protein. The values were 
statistically highly significant. However, when /8- 
carotene-supplemented animals were exposed, no change 
in TEARS or MDA equivalents concentration was noted 
with respect to control (statistically insignificant differ¬ 
ence). The /3-carotene supplementation prevented the 
radiation-induced lipid peroxidation in liver and spleen, 
as statistically there is no significant difference between 
control and /3-carotene-treated radiation-exposed animals. 

The results show that the /3-carotene renders protection 
against radiation-induced oxidative stress. Oxidative 
stress refers to the cytotoxic consequence of oxygen-free 
radicals - superoxide anions, hydroxyl radical and hy¬ 
drogen peroxide, which are generated as by-products of 
normal and aberrant metabolic processes that utilize 
molecular oxygenIt is well known that exposure of 
biological membrane to oxidative stress results in the 
progressive degeneration of membrane structure and loss 
of activity. The measurement of lipid peroxidation is 
thus a convenient method to monitor oxidative cell 
damage^^ The products of lipid peroxidation such as 
malonaldehyde and 4-hydroxynonenal are toxic to the 
cell^^ Lipid peroxidation within the membrane has a 
devastating effect on the functional state of the membrane 


Table 1. Effect of /S-carotene on radiation-induced lipid per¬ 
oxidation (Values are mean±SE of six animals in each group) 


Treatment group 

TBARS (nmol/mg protein) 

Liver 

Spleen 

Control (I) 

11.7 ±0.37 

13.3 ±0.64 

/3-carotene treatment (II) 

11.2 ±0.42 

12.9 ±0.48 

Radiation exposure only (III) 

21.4 ±0.61* 

25.7 ±0.57* 

/3-carotene + radiation (IV) 

12.4 ±0.51** 

14.2 ±0.41** 


^Significantly different from control (1) and /3-carotene treatment (11) 
at P < O.OOl. 

^^''Significantly different from group (III) but statistically insignificant 
from groups (I) and (II). 


470 


CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 




RESEARCH COMMUNICATIONS 


because it alters membrane fluidity, typically decreasing 
it and thereby allowing ions such as Ca'^'^ to leak into 
the cell. The peroxyl radical formed from lipid per¬ 
oxidation can attack membrane proteins and enzymes, 
besides that it reinitiates lipid peroxidation. The 
preservation of cellular membrane integrity depends on 
protection or repair mechanisms capable of neutralizing 
oxidative reactions. The reduction in the amount of 
TEARS or MDA equivalents in the /?-carotene admin¬ 
istered irradiated animals suggests that /?-carotene may 
scavenge the free radicals formed during radiation ex¬ 
posure. It was reported earlier that orally administered 
j?-carotene has a photoprotective function’*^. The antioxi- 
dative mechanism of )?-carotene has been suggested to 
be singlet oxygen quenching, free radical scavenging 
and chain breaking during lipid peroxidation^ If carote¬ 
noids are to produce an antiradiation effect, it must be 
absorbed by the body and available in the tissues exposed 
to radiations. Adipose tissue, liver and plasma of humans 
were found to be the major pools of /?-carotenel 
carotene normally predominates among the most impor¬ 
tant carotenoids and is absorbed in the intestine. For 
humans one-sixth (on a weight basis) of the dietary 
/3-carotene is estimated to be absorbed and converted 
to retinol whereas for other provitamin A carotenoids, 
about one-twelfth is absorbed and converted to retinol‘^ 
The present study does not rule out the possibility of 
antiradiation efficiency of /3-carotene in preventing 
radiation-induced lipid peroxidation in liver and spleen 
of mouse. However, a correlative study of data and 
time with respect to recovery from the stress/damage is 
needed, which is under progress in our laboratory. 
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BOOK REVIEWS 


Annual Review of Neuroscience 1997. 
W. Maxwell Cowen, ed. Annual Reviews 
Inc., 4139 El Camino Way, Palo Alto, 
California 94303-0139, USA. Price: Indi- 
vidual $ 65, Institutions $ 130. 651 pp. 

This volume of the Annual Review of Neu¬ 
roscience has many articles of interest for 
the developmental neuroscientist. The 
mechanisms underlying cerebral cortex 
patterning are discussed by Levitt and 
others. They suggest that areas or zones 
are created early in development using 
general positional information molecules. 
Further patterning, finally leading to a spe¬ 
cific cortical organization in an organism, is 
overlaid on the initial pattern. A more 
basic developmental question is addressed 
by Brivanlou and Melton in their article on 
the molecular basis of the ‘organizer'. The 
article is clearly written and elucidates 
both recent findings as well as future ques¬ 
tions in the field of primary neural induc¬ 
tion. Herrup and Kuemerle present recent 
molecular evidence which supports the origi¬ 
nal idea based on anatomy, that the cere¬ 
bellum is compartmentalized. However, the 
functional reasons for such compart- 
mentalization remain unknown. Callaerts et 
ai review a relatively newly discovered 
developmental ‘master gene’ encoding the 
Pax6 family found in organisms as diverse 
as the nematode C. elegans to humans. 
What makes this master gene so interesting 
is the finding that it seems to control the 
same developmental process in many di¬ 
verse organisms. For example, Pax6 homo- 
logues in both Drosophila and mouse are 
at the top of the hierarchy of genes that 
control eye development. This finding casts 
doubt on the ‘convergent evolution’ theory 
of eye development proposed for the ar¬ 
thropod and mammalian visual systems 
and suggests the existence of a common 
ancestral visual organ. 

Connectivity and plasticity are dis¬ 
cussed in a number of articles for different 
areas of the brain. Wise et ai have written 
about a newly-defined area in the dorsal 
pre-motor cortex in which inputs are re¬ 
ceived from the extrastriate visual cortex 
through just one other area, the post- 
parietal cortex. Such connectivity between 
the visual and motor regions has led them 
to propose that this area functions in 
visually guided movements. Hypothalamic 
plasticity is reviewed by Hatton. The struc¬ 
tural changes associated with such plastic¬ 
ity are well documented. However, the 
consequences of these features in terms of 
function and final output are still to be 


understood. The article by Botjer and 
Arnold looks at the role played by devel¬ 
opment in creating plastic neural circuits 
for bird songs in males. Full appreciation 
of this review however, requires greater 
familiarization with the field of songbird 
vocal behaviour. In the review by Chen and 
Tonegawa, the use of targetted gene dis¬ 
ruption in understanding synaptic plastic¬ 
ity, learning and memory at the molecular 
level is discussed. As pointed out by the 
authors this technology has suffered from 
the drawback that the function of neural 
genes, which are also required during devel¬ 
opment, cannot be analysed. We await 
results from the Cre recombinase method 
that will allow spatio-temporal control of 
gene dismption. 

Among reviews in the field of cognition 
and behaviour, Deadwyler and Hampson 
review advances in ensemble recording. In¬ 
formation obtained by this method is re¬ 
vealing new aspects of behaviour and cog¬ 
nition not possible from multiple single 
recordings. Clearly, though for ensemble 
recording data to have its full impact it is 
essential to analyse it in the context of 
other methods such as neural network simu¬ 
lation. Those interested in the underlying 
mechanisms of sleep and arousal will find 
the article by McCormick and Bal both 
informative and well written. Perception of 
speech has traditionally been considered a 
special feature of the human brain. Fitch et 
at. tell us how there is gathering evidence 
that speech is perceived by the same mecha¬ 
nisms that exist in non-humans for process¬ 
ing of complex acoustic signals. In this 
context, as the authors point out, it is 
important to distinguish between speech 
and language. Advances in the genetics of a 
serious behavioural disorder Manic De¬ 
pressive Illness (MDI) are reviewed by 
MacKinnon and others. They discuss the 
positive impact of the human genome 
project on tracing the basis of genetically 
complex illnesses such as MDI. Ethical 
issues raised by identifying such genes are 
also discussed. 

Some of the articles review ‘molecules 
of importance’ in the nervous system. Liu 
and Edwards discuss the importance of 
newly-discovered transporter proteins 
which are required for the transport of 
neurotransmitters into synaptic vesicles. 
The regulation of their activity will 
provide important insights into synaptic 
transmission. A catalogue of potassium 
channels from different phyla, with their 
structure and function relationships, is pro¬ 
vided by Jan and Jan in their article. The 


bcl2 gene family which codes for various 
apoptotic/anti-apoptotic proteins is de¬ 
scribed by Merry and Korsemeyer. How¬ 
ever, the article fails to convey any idea 
about the functional role of these proteins 
in the nervous system. There is a similar 
problem with the article on RNA process¬ 
ing by Nakielny et al. The article is well 
written and informative but no attempt has 
been made to link the importance of RNA 
processing with neuronal function, The 
complexity of G-protein coupled receptor 
signalling is addressed by Gudermann et al 
They have attempted to answer the ques¬ 
tion of how multiple receptors elicit differ¬ 
ential responses in the same cell given the 
limited number of heterotrimeric G-protein 
subunits and even fewer effectors which 
are known to exist. This is a rapidly 
evolving field and is further complicated 
by the discovery of cross-talk between G- 
protein coupled receptors and other signal¬ 
ling pathways. Special molecular features 
of the neuromuscular junction are addressed 
by Fischbach and Rosen in their review on 
the protein called ARIA. This polypeptide 
is probably a ligand for a receptor tyrosine 
kinase and has been implicated in develop¬ 
ment of the neuromuscular junction. A 
model predicting how ARIA expression in 
growing nerve terminals leads to clustering 
of specific receptors on the post-synaptic 
muscle terminal is put forward. Finally, 
there arc two articles on sensory transduc¬ 
tion. The first of these deals with the 
molecules of mechanosensation. The mo¬ 
lecular basis of mechanosensory transduc¬ 
tion is still poorly understood but it is 
clear from this review that the field is set 
to grow in the next few years. In compari¬ 
son, olfactory transduction and the coding 
of olfactory information in the brain is 
much better understood. The review by 
Hildebrand and Shepherd has carried out a 
much-needed analysis of olfaction in both 
invertebrates and vertebrates. They have 
compiled information from all fields of 
olfaction including molecular genetic, 
electrophysiological and biochemical ap¬ 
proaches and attempted to look at these in 
the context of olfactory discrimination. The 
suggestion from their analysis is that there 
maybe common mechanisms of odor dis¬ 
crimination among phyla. 

Gaiti Hasan 

National Centre for Biological Sciences, 
Tata Institute of Fundamental Research, 
Indian Institute of of Science Campus, 
Bangalore 560 012, India 
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Annual Review of Entomology 1997, 
Thomas E. Mittler, Frank J. Radovsky and 
Vincent H. Resh (eds). Annual Reviews Inc., 
4139 El Camino Way, Palo Alto, California 
94303-0139, USA. Price: Individual $ 65, 
Institutions $ 130. 600 pp. 


Reviewing a collection of reviews is a tall 
order and a worthless exercise. Much of 
the material is dated and not addressed to a 
wider audience. It is not always that it is 
‘readable’ material and in general is un¬ 
likely to follow a uniformity of style or 
even contents. Much of it, if it is in our 
area of interest, we would be familiar with 
and if it is not, it is unlikely that we will 
find it easy to browse. One is bound to 
find some good, some indifferent and some 
bad articles in such a collection. The 
Annual Reviews have always been an 
exception to this and that has earned its 
various issues a rightful place in the library 
shelves around the world. The Annual 
Review of Entomology 1997 reads more 
like a text-book and covers a range of 
studies on insects but with a preponder¬ 
ance of reviews dealing with insect behav¬ 
iour in a general sense. It was difficult for 
one like me to read but I have to say I 
became much wiser and better informed 
going through this volume. 

John Kennedy made study of insect 
behaviour more quantitative and precise 
than ever before. The biographical essay 
by John Brady is not just the history of 
one person’s scientific career, but the story 
of the coming of age of the integrative 
approach to animal behaviour. I have 
always found these biographical sketches 
eminently readable and they produce nos¬ 
talgia for a kind of science that was not 
sullied by the current-day style of grant 
hopping mindlessness. It seems the older 
generation had a problem to solve and 
worked with dedication towards the best 
solutions despite adversities. The several 
reviews that follow are invariably analyti¬ 
cal and full of new information, a pleasant 
departure from reviews that tend to be¬ 
come catalogues. Insects have dominated 
the living world for so long and continu¬ 
ously they have possibly every good 
example of adaptation to environments. 
The adaptations in scale insects are truly 
amazing and one wonders whether insect 
pest managers will be able to cope with 
such versatile adversaries. From altering 
the host structures to suit their needs to 
unusual life cycles and chromosomal adap¬ 
tations, the variety of scale insect strate¬ 


gies that have evolved will need as many 
diverse methods of control since these 
form the major group of agricultural pests. 
Gullan and Kosztarab have attempted 
quite successfully to highlight the variety 
of scale insect adaptations. In an era 
where biology has practitioners who can¬ 
not possibly pronounce most of the Latin 
names, leave alone identify the various taxa 
the review on the biology of galling thrips 
(Crespi et al) is an example of material 
that informs while not demanding too 
much of a background. I for one learnt that 
among insects it is not just the canonical 
bees, wasps and ants but even thrips that 
have social behaviour. The chapter by 
Feener and Browns on dipterans as 
parasitoids provides us some glances of 
the life of possible future candidates for 
insect pest control. Several thousand 
dipteran insects parasitize other insects 
and they have evolved their virtuso strate¬ 
gies. I found the behavioural changes in 
host induced by parasites like the bumble¬ 
bee, which stays back away from its nest 
when parasitoids infest it or buries itself in 
soil when near death remarkable. By 
changing song patterns of their host crick¬ 
ets, parasitoids seem to affect even interac¬ 
tion among host individuals to their advan¬ 
tage. The physiology and chemistry of 
such behavioural alterations could be re¬ 
warding areas of study. The need for a 
thorough understanding of the behaviour 
and ecology of insects and their parasitoids 
to develop pest management strategies 
cannot be overstated. Antonio Panizzi’s 
review of stink bugs (Pentatomids) ought 
to have been read by plant biotechnologists 
before they attempted large-scale disbursal 
of BT transgenic plants. The insect 
strategies described here would have al¬ 
tered them to the pitfalls of field trials that 
were discovered at the cost of credibility. 

The chapter by Foster and Harris on 
behavioural manipulation methods is good 
reading for new ideas on containing insect 
damage. May be covering the ditches and 
turning of or turning on lights at appropri¬ 
ate times would be far simpler and cheaper 
methods to control mosquito-borne disease 
than more expensive tools. It is important 
that host, pest and parasite behaviours are 
analysed in detail for such purposes. How 
much these ideas are of value have been 
demonstrated by the relative resistance of 
Brahma cows to insect-borne diseases and 
hence the popularity of these breeds in 
Southern America. 

The discussion of visual acuity in 
insects by land is an example of the class 


of articles in Annual Reviews that has made 
this series popular. A substantial fraction 
of the review is devoted to a discussion of 
the theoretical background. This makes 
reading the review a lot easier. This and 
the chapter on evolution of arthropod silks 
by Catherine Craig will be highly valued 
for years to come. 

I for one think insects are great things 
to read about for every one and should 
become part of curricula but with more 
easy to remember common names. When 
we gather that insects do not just produce 
silk but also polyesters, that without them 
we will not have chocolate or vanilla and 
there is much economic gain by managing 
insects than destroying them indiscrimi¬ 
nately, I believe it is important that the 
study of insects and animal behaviour 
become a vital and necessary part of 
curricula for all school children. I hence 
found the chapter by Robert Mathews and 
others agreeable. 

These days no book is written on 
insects without something to be said about 
Drosophila, the insect that has made study 
of insects highly respectable. The genetics 
of mating behaviour is wonderfully written 
and highlights recent inroads made in our 
understanding of the genetics of deviant 
sexual behaviour. A starting point for 
exploring molecular mechanisms of sexual 
behaviour will certainly come from Dro¬ 
sophila because of our ability to geneti¬ 
cally manipulate and disrupt specific steps 
in a highly stereotyped set of behaviours 
that is mating. 

Other chapters I found interesting were 
the one on host plant influences on sex 
pheromones by Landolt and Philips and 
the most amazing biology of Wolbachia by 
Werren. Insect immunity deserves to be a 
topic for major discussion. The review by 
Gillespie et al will be of value for those 
who are on the trail of new antibiotics. 
The biology of immunity in insects itself 
has close parallels in mammals but the 
variety of antibacterials is bound to be 
astounding given the number of insect 
species that share this planet with us. 

The editors Mitler, Radovsky and Resh 
deserve high praise for the choice of the 
reviews. This volume is for more than just 
entomologists and good value for money. 

K. S. Krishnan 

Molecular Biology Unit, 

Tata Institute of Fundamental Research, 
Homi Bhabha Road, 

Mumbai 400 005, India 


CURRENT SCIENCE, VOL. 73, NO. 5, 10 SEPTEMBER 1997 


473 


BOOK REVffiWS 


The Self-Avoiding Walk. Neal Madras 
and Gordon Slade. Series on Probability 
and Its Applications. Birkhauser, Boston. 
1996. 426pp. Price: DM 68. 

Intersection of Random Walks. Gregory 
F. Lawler. Series on Probability and Its 
Applications. Birkhauser, Boston. 1996. 
225pp. Price: DM 68. 


Long-chain polymer molecules in a good 
solution occur in a swollen state, the large 
length-scale structure of which is best 
described as a random walk. However, the 
fact that two different polymer molecules 
cannot be very close to each other, implies 
that this chain must not have any self¬ 
intersections. This excluded volume effect 
implies that the average radius of gyration 
of such molecules is more than expected 
otherwise. About 50 years ago, Flory gave 
an approximate argument that takes ac¬ 
count of the effect of excluded volume 
unreasonably well. By the early 1970s, the 
precise relation of this problem to other 
statistical mechanical models of phase- 
transitions was fully realized. Today, one 
has fairly good understanding of the critical 
behaviour (exponent values from series 
expansions, numerical simulations, and 
conformal field theory, behaviour in large 
dimensions, etc.). Both these books are on 
this general problem, and have a fair degree 
of overlap. 

The book by Madras and Slade con¬ 
tains an expository account of the current 
status of the more ‘rigorous’ results of 
self-avoiding walks, as well as some dis¬ 
cussion of the more ‘heuristic’ or numeri¬ 
cal approaches. Of course, some more 
specialized topics (though focus of current 
research) are not discussed. For example, 
the collapse transition, polymers where 
chemical units along the chain are not 
identical, polymers in random environ¬ 
ment, exact results for polymers on fractals, 
and application of conformal field theory 
to polymer networks. 

Large-scale numerical simulations of self¬ 
avoiding walks have been very useful for 
understanding their properties. As far as 
studies of critical exponents are concerned, 
polymer systems can be much more effi¬ 
ciently simulated than other, say spin- 
systems. In 1955, Rosenbluth and 
Rosenbluth were able to generate chains of 
length 64 steps, using the computers avail¬ 
able then. The longest chains simulated 
nowadays have a length of order 80,000 
steps. More than just a brute-force gain in 
computer speed, this has been achieved by 
successively better algorithms. In a very 
enjoyable chapter which reads like an 
adventure story, the authors have de¬ 
scribed the historical development, and 
analysed the efficiency of different simula¬ 


tion algorithms. One notes that many early 
algorithms were extremely inefficient, or 
suffered from not sampling all configura¬ 
tions with equal weight. The CPU time 
grew as exp(M), where x < 1. Current best 
(the pivot) algorithm has a performance 
which seems to need time increasing only 
as N. One can only hope that recent 
difficulties in simulations of the protein- 
folding problem will also be eventually 
overcome by better algorithms. 

The book is a very well written com¬ 
prehensive account of the status of our 
current knowledge of the self-avoiding walk 
model. It is very readable: statements of 
results in simple language precede a de¬ 
tailed mathematical treatment, so that if a 
physicist and chemist reading the book 
finds the mathematics too heavy, one may 
skip the proofs and still get the overall 
picture. At many places, the authors have 
highlighted the open problems. For exam¬ 
ple, it is a sobering thought to realize that 
the best rigorous upper bound on the 
number of self-avoiding walks of A-steps, 
C^, in two dimensions known is still the 
Hammersley and Welsh 1962 bound 

< |a.^exp(aA^^^), whilst the expected be¬ 
haviour is with jc =11/32, 

where \i is the growth constant for the 
walk. 

Other topics covered in the book are 
the lace expansion, polymers in dimen¬ 
sions d> 5, relation to the Edwards’ model 
of weakly self-avoiding walks, kinetic grow¬ 
ing walks, and loop-erased walks. 

I think that this book provides a good 
introduction to the subject, and also is a 
good place to find what is known about 
the subject. It should be a mandatory 
reading for all graduate students, and re¬ 
searchers involved in the theoretical stud¬ 
ies of polymers. 

The book by Lawler, as noted in his 
preface, deals more precisely with ‘prob¬ 
lems dealing with non-intersection of paths 
of random walks’. One of the questions 
which turns out to be important in the 
theory of random walks is whether there is 
a nonzero probability that a random walker 
will never return to the starting point 
again. It was shown by Polya that in one 
and two dimensions, this probability is 
exactly zero. But if the walker is bound to 
return to the origin at least once, he is 
bound to return again, and again. This, in 
turn, implies that in one and two dimen¬ 
sions, a random walker ‘eventually’ visits 
all sites infinitely often. In higher dimen¬ 
sions, there is a finite probability that a 
walker will not visit any particular pre¬ 
chosen site at any later time, however long 
we wait. Thus the behaviour of random 
walker in d dimensions is quite different 
for i < 2 and J > 2. 

Polya’s theorem concerns the probabil¬ 
ity of intersection of the path of a random 


walker with a fixed point in space (say the 
origin). One can extend the treatment to 
the case when the walker is instructed to 
stop as soon as it hits any one of a pre¬ 
specified set of points. What is the distri¬ 
bution of probabilities of different stop¬ 
ping points? Such probability measures, 
when the initial point of walker is very far 
from the region where stopping points are, 
are called harmonic measures. These often 
are important in physics, e.g. in the study 
of diffusion-limited aggregates, which mod¬ 
els the aggregation of soot particles in air. 
To characterize the average properties of 
these diffusion-limited aggregates (such as 
the fractal dimension), one needs to under¬ 
stand the properties of the distribution of 
growth probabilites on randomly generated 
sets, which are given by harmonic meas¬ 
ures. The problem of estimating the har¬ 
monic measure of sets of points is ad¬ 
dressed in this book, and some bounds on 
the measure derived. These, for example, 
give a lower bound on the fractal dimen¬ 
sion of the diffusion-limited aggregates. 

If the set of stopping points of walker 
is itself an infinite set, say generated as the 
sites visited by another walker, this be¬ 
comes related to the question as to how 
often the paths of these two walkers 
intersect. In this case the basic result is 
that in more than 4 dimensions there is a 
finite probability that paths of two walk¬ 
ers starting at the same point will never 
intersect again, however long we wait, In 
less than 4 dimensions, the probability 
that no intersection of paths occurs within 
L steps decreases as a power of L. Lawler 
discusses bound on this no-intersection 
probability. Another related subject dis¬ 
cussed is the study of self-intersection of 
random walks. In a chapter devoted to 
self-avoiding walks, it is shown that the 
Edwards model is not in the same univer¬ 
sality class as the self-avoiding walks in 
two dimensions. One chapter in the book 
is devoted to loop-erased walks. Much of 
what is known about loop-erased walks is 
due to Lawler, and this is the most 
readable account of this subject that I am 
aware of. 

This monograph contains a clear 
account of these topics, and there is an 
emphasis on rigorous results. The book 
has an extensive bibliography. It is likely 
to interest a smaller set of people than the 
book by Madras and Slade, but it will be 
useful to graduate students and researchers 
who study random walks from a mathema¬ 
tician’s viewpoint, and need to. go beyond 
the standard textbooks, such as those by 
Feller and Spitzer. 

D. Dhar 

Theoretical Physics Group, 

Tata Institute of Fundamental Research, 
Homi Bhabha Road, 

Mumbai 400 005, India 
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Lyman Spitzer and Martin Schwarzschild 


Rajaram Nityananda 

Two giants of astrophysics, both from 
Princeton and comrades-in-arms for fifty 
years, passed away within the same fort¬ 
night, Lyman Spitzer died on 31 March 
and Martin Schwarzschild on 10 April 
1997. 

Spitzer was bom in 1914 in the United 
States. He is known not only as a pioneer 
in the study of stellar dynamics and the 
interstellar medium, but also as the origi¬ 
nator of the plasma physics programme 
at Princeton, and one of the first to make 
(in 1946!) the case for a space telescope. 
His early efforts drew in more support 
and ultimately resulted in the Hubble 
Space Telescope which is revolutionizing 
many branches of astronomy even as 
you read this article. The titles of his 
books, Physics of Fully Ionised Gases, 
Dynamics of Globular Clusters, Diffuse 
Matter in Space, Physical Processes in 
the Interstellar Medium and the more 
popular Searching between the Stars tell 
the story of his scientific interests. In the 



thirties, he realized (with Ambartsumian) 
that the ‘evaporation’ of high-velocity 
stars from clusters would drive them to 
denser and more tightly-bound states. This 
theme was explored with literally gen¬ 
erations of graduate students and is the 
basis of our understanding of globular 
star clusters. Interestingly, the same 
inverse-square law scattering which gives 
rise to these processes occurs in plasmas 
as well and his analysis resulted in the 
now canonical formula for ‘Spitzer resis¬ 
tivity’. His insight into the heating and 
cooling processes in the gaseous medium 


between the stars in our galaxy led him 
to predict the existence of a much hotter 
component which had not been observed 
at that time (1956). He conceived of 
‘Copernicus’, an ultraviolet telescope in 
space, which opened up a new realm of 
the spectrum to observation and confirmed 
his prediction. It is now part of the 
Spitzer legend that his calculations days 
•before the launch led to a correction of 
the telescope focus (the effect of gravity 
and temperature gradients in the lab test 
had been forgotten) which proved vital 
for the functioning of the satellite. The 
Hubble space telescope was not as 
fortunate and functioned myopically for 
two years till corrective optics could be 
installed in a second shuttle flight! Spitzer 


succeeded H. N. Russell as the Head of 
the Astrophysics Department at Princeton 
University and led it to the unique niche 
it occupies today. It is a relatively small 
and mainly theoretical department which 
nevertheless stays close to the most ex¬ 
citing current observations and produces 
students who go out to staff some of the 
best observatories and departments world¬ 
wide. 

Martin Schwarzschild was bom in 
Germany in 1912, the son of Karl Schwar¬ 
zschild, the great astrophysicist who died 
in the first world war. He came to the 
US in 1937. His early work was on the 
giant phase of stellar evolution, and during 
the war he served in the US Army, 
starting as a private! He was one of the 


Spitzer and plasma physics 

With the death of Lyman Spitzer, thq plasma physics,. astrophysics and space 
physics community has lost a great soldier. Lyman Spitzer was born in Toledo, 
Ohio in 1914 in the family of a businessman. While studying at Yale University 
Spitzer developed interest in physics and went to Cambridge University for further 
studies in astrophysics. After his return, he worked as a post-doctoral fellow at 
Harvard University during 1938-39. He established in Princeton a unique centre of 
Astrophysics. He was also the Director of the astrophysical observatory untii 1979. 
He held position of Professorship until 1982 and was active in research subsequently. 
On the day of his death he worked a fuli day in his beloved Peyton Hall, talking 
enthusiastically to his colleagues and working on the finalization of a research paper. 
This shows the sense of his commitment, devotion and dedication to development 
of scientific research. He taught his students and younger colleagues by exemplary 
execution of his own plans, completion of his research problems and publication of 
his own scientific results in addition to various co-authored papers. 

During his early thirties, Spitzer came up as one of the leading space scientists. 
He postulated as early as in 1940 that stars are formed from clouds of gas and 
dust in interstellar space. In 1946, he proposed the development of a large space 
telescope through a report called ‘Astronomical Advantages of an Extra-terrestrial 
Obsen/atory’. The first version of this telescope, which was called the ‘Hubble Space 
Telescope’, took a long time to complete and was eventually launched in 1990. 
Another important contribution of Spitzer was to the US Atomic Energy Commission 
during 1951 On a ski slope, Spitzer conceived of a reactor known as the ‘Stellarator’ 
and directed this program until 1967. This program provided an Impetus towards 
the goal of controlled thermonuclear fusion. He conceived of an ultraviolet telescope 
in the orbit which could measure the spectra of atoms and molecules in interstellar 
space. This telescope was launched as the 'Copernicus satellite’ in 1972. 

I was myself lucky to have heard him lecture in Cornell University in 1963. 1 had 
already gone through his bqok on the Physics of Fully Ionized Gases. This book 
was where learning plasma physics used to start In those days. One of his important 
contributions to the Physics of fully ionized plasma is popularly known as ‘Spitzer 
Conductivity’. He himself confessed, ‘I love to work on big problems’. One might 
well add that he solved most of the problems he tackled. 

R. N. Singh, Department of Applied Physics, Institute of Technology, Banaras Hindu 
University, Varanasi 221 005, India, 
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Schwarzschild and the stars 

The following Incident Illustrates both an Interesting point of astrophysics and gives 
a feel for the character of Martin Schwarzschild. It was the day on which the award 
of the Nobel Prize to S. Chandrasekhar had been announced. A gathering over 
mid-morning coffee at Peyton hall was discussing the great man and his work. 
Schwarzschild, a good friend of Chandrasekhar, recalled how the work on polarized 
radiative transfer gave him the greatest pleasure. Someone asked whether Chandra¬ 
sekhar had ever made a mistake. ‘Well, he “proved” the Vogt-Russeli theorem’. Ail 
eyes turned to Bohdan Paczynski who explained that in the book, Stellar Structure, 
Chandra had presented a proof that there is a unique stellar configuration for a 
given mass and chemical composition. However, this ‘theorem’ is in fact not true 
In general. Mathematically, although the differential equations are first order, it is a 
two-point nonlinear boundary value problem for which there is no uniqueness theorem. 
Physically, one could take the sun as it is today, and get another solution, namely 
a white dwarf with the same mass, in a thought experiment which extracted all the 
entropy. Now It was the turn of the one of the students. ‘Martin, what did you say 
about the Vogt-Russell theorem in your book?’. Of course, he did not remember. 
The student went and brought his copy and began reading out the relevant passage. 
It was clear that Schwarzschild too had followed the same fallacious reasoning as 
his illustrious predecessor. As a newcomer, I wondered what was going to 
happen next, but I need not have worried. The great peal of laughter for which 
Martin Schwarzschild was famous boomed out. On other occasions, he recalled 
how he missed the convective character of protostellar configurations (discovered 
by Hayashi) or a family of orbits in his galaxy model (found by de Zeeuw). Here 
was a man who was generous in his appreciation of what was new and interesting 
In the work of others, and cheerfully acknowledged the (very few) mistakes he had 
made. 

Rajaram Nityananda 



early users of the first computers for 
scientific purposes. His 1958 text on the 
‘Structure and evolution of the stars’ 
became a classic reference, superseded 
since then on many points of detail but 
not yet for clarity in exposition of the 
basic principles. His work led to the 
concept of shell flashes and other insta¬ 
bilities which have since become crucial 
to our understanding of stellar evolution. 
He also worked on theoretical aspects of 
the plasma physics programme initiated 
by Spitzer, and took the initiative in the 
effort to beat the limits to resolution set 
by the earth’s atmosphere by launching 
optical telescopes to stratospheric heights 
in balloons. The Stratoscope programme 
did not last long, but the pictures it 
produced of the convection on the sun’s 
surface, and the nucleus of the Andromeda 
galaxy, were not bettered for decades. In 
1979, around the time of his formal 
retirement, he launched with vigour into 
a new field, the dynamics of triaxial 
galaxies. Most earlier work rested on the 
simplification which comes from having 
a gravitational potential which is spheri¬ 
cally or axially symmetric, but it had 
become increasingly clear that some gal¬ 
axies did not fall into this class. His 
strategy was a clever mix of physical 
insight and numerical integration of orbits, 
and formed, the basis for the current 
picture of how the stars and gas move 
in these galaxies. In some sense, he did 
for triaxial galaxies what Hartree and 
Fock did for atoms by providing a 
self-consistent potential and orbits in 
numerical form. 

This much about Spitzer and Schwar¬ 
zschild is public knowledge. To this it 


is worth adding some personal glimpses, 
obtained during a few months’ stay in 
Peyton Hall (the building housing the 
Astrophysical Sciences Department of 
Princeton) in the early eighties. Both were 
nominally in retirement. But the glass 
wall of Spitzer’s office showed passers-by 
that the hours he spent working at his 
desk were as long as those of most 
research students. In fact, Schwarzschild 
used to joke that his own next move 
would be to the basement which houses 
the students. Apparently he still wrote 
many of his own programs in FORTRAN, 
without using a single subroutine since 
he learnt the trade when these new-fangled 
things were not in vogue! The students, 
not unduly conscious of being with living 
legends, would go mountaineering with 
‘Lyman’ or keep joking with ‘Martin’. 
Lunch was one occasion when one could 
get Spitzer to comment on something, 
always briefly and clearly though in a 
deceptively mild manner. Any newcomer 
to the Princeton circle would actually be 


sought out by Martin Schwarzschild who 
would introduce himself first with true 
Continental courtesy. This was no posture 
as he and his wife went out of their way 
to make visitors feel welcome. Perhaps 
he never forgot the fact that he was a 
newcomer once! It would be hard to find 
anywhere examples of academic retire¬ 
ment so filled with grace and purposeful 
activity and the respect which it engen¬ 
ders. The Indian tradition describes the 
ideal of a ‘sanyasi’ - an older person who 
sheds all desires, living in the middle of 
the world but apart from it, carrying out 
his duties and sharing his wisdom with 
younger people in a spirit of detachment. 
In faraway Princeton, I was fortunate to 
see two people who exemplified this 
spirit. 


Rajaram Nityananda is in the Raman 
Research Institute, Bangalore 560 080, 
India. 
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fflSTORICAL NOTES 


The University of Chicago held a symposium in honour of S. Chandrasekhar in December 1996, The programme 
reproduced on the next page is testimony to Chandrasekhar's enormous influence on 20th century physics. We 
reproduce below the text of the after-dinner remarks made by Kameshwar Wall on that occasion. 

- Editors 

Subrahmanyam Chandrasekhar 


Kameshwar C. Wali 

Chandra often remembered his close 
friend of earlier years, Edward Arthur 
Milne, and quoted him as saying. 

Posterity, in time, will give us all our 
true measure and assign to each of us 
our due and humble place; and in the 
end it is the judgment of posterity that 
really matters. He really succeeds who 
preserves according to his lights, un¬ 
affected by fortune, good or bad. And 
it is well to remember there is no cor¬ 
relation between the judgment of posterity 
and the judgment of contemporaries. 

A year after death may not be a true 
measure of posterity. But this two-day 
symposium in Chandra’s honour certainly 
marks the beginning of that posterity’s 
assignment to bestow him his due place. 
To further aid the posterity, I have the 
honour to announce the publication of 
two books: the first one, titled 5. Chandra¬ 
sekhar: The Man Behind the Legend is 
a memorial volume containing articles by 
several of Chandra’s students, associates 
and admirers. It includes many- members 
in this distinguished audience. In these 
articles, the authors write, not so much 
about Chandra’s scientific triumphs, but 
more about Chandra as a person, more 
about his rich and multi-faceted per¬ 
sonality. This volume, to be published 
by World Scientific and Imperial College 
Press is now being, copy edited in 
Singapore. I expect this to come out in 
two months’ time. The second one, for 
which I have no good title as yet, will 
contain a set of Chandra’s scientific 
papers selected from the seven plus one 
volume collection of selected papers. It 
will also include some of Chandra’s un¬ 
published lectures and articles of non¬ 
technical nature. It will be a part of the 
World Scientific series titled as Twentieth 
Century Science that includes the selected 
works of Julian Schwinger, Abdus Salam, 
and others. 

For me personally, the years I spent 


in working with Chandra and writing his 
biography were the most enjoyable and 
creative years in my life. After the com¬ 
pletion of the book, although my visits 
with Chandra became less frequent, our 
friendship continued to grow and develop. 
During the summer of 1994, Lalitha and 
Chandra, my wife and I, spent a week 
together at the Stratford Shakespeare Fes¬ 
tival in Canada. ‘Get the best seats for 
the plays,’ Chandra had ordered me. When 
1 had called him a few days before our 
scheduled meeting in Stratford, he said 
he was rereading OthellOy Hamlet and 
Twelfth Night, the plays we were going 
to see. Along with Lalitha, he was also 
listening to the records. Thus he came 
fully prepared to enjoy his rare vacation, 
setting aside his preoccupation with 
Newton at the time. We all had such 
good time, seeing a new play every day 
and taking sight-seeing trips surrounding 
Stratford. I recall on one of these car 
trips, Chandra surprised me by asking, 
‘which moves slower, heat or cold?’. 
While I was racking my brain, thinking 
about Boltzman and Maxwell’s demon 
and all that, he said with a twinkle in 
his eye, ‘cold, of course, because you 
can catch it!’ 

It was great to see Chandra as a full¬ 
time tourist, so light-hearted and impul¬ 
sive in enjoying himself. Without the 
slightest hesitation, he bought a large-size 
painting he liked on the side walk and 
can any one of you imagine Chandra 
eating a patty burger without silverware 
in an open-air restaurant called Anna 
Banana? 

I was not bugging him with questions 
about his life, his childhood, his days in 
Madras and Cambridge, his encounters 
with Eddington and Milne, The Yerkes 
Observatory and The ’University of 
Chicago, or the University of Chicago 
Press with which he was strongly, almost 
sentimentally, attached as the editor of 
the Astrophysical Journal for nearly 


twenty years. Over the years I had made 
him tell and retell these stories. Without 
showing the least annoyance, he had 
obliged. I consider myself indeed fortu¬ 
nate that I had the opportunity to tell 
his life. 

The last time I talked to him on the 
phone was during the first week of August 
1995, when I received a complimentary 
copy of Newton’s Principia. It had just 
come out in June. Still he regretted that 
I did not get the copy sooner. I thanked 
him and congratulated him. We both 
agreed that the Oxford University Press 
had done a commendable job in producing 
the book so elegantly. I said, ‘Chandra, 
this work of yours will go down in 
history as monumental.’ He had his 
doubts, he said. He had seen one or two 
critical reviews. But, he accepted my 
compliment and said, he no longer had 
the energy or stamina to do hard work. 
He complained about exhaustion and how 
he had to be helped back home when 
he was taking a short walk near his 
apartment. Those were grueling hot days 
in Chicago, I reminded him of that and 
said in a rather harsh tone, ‘1 forbid you 
to work hard anymore. You must relax 
and enjoy.’ ‘Yes, yes, that is exactly 
what I am going to do,’ he replied. ‘Just 
two short papers to be finished with 
Valeria Ferrari. I am indeed relaxing. .. 
I am reading Les Miserables,' 

Famous last words, I said to myself. 
I am sure, if he were alive, he would 
be working on Newton and Michelangelo, 
and writing about a comparison between 
the motivations of scientists and artists 
in their creative quests. That is what he 
would devote himself to do, after disen¬ 
gaging himself from serious scientific 
work, he had said once. 

Reading Chandra’s essay on the series 
paintings of Claude Monet and the Land¬ 
scape of General Relativity, one cannot 
fail to see an analogy. In Monet’s series 
paintings, the same scene is depicted over 
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and over again under different natural 
illuminations and seasonal variations. The 
valley, the trees and the fields, the hay¬ 
stacks are the same. Superficially, they 
may appear boring and repetitive. How¬ 
ever, the different paintings radiate totally 
different aesthetic content. In a similar 
fashion, the seemingly same equations 
and solutions in Chandra’s hands describe 
vastly different physics. In concluding 
that essay, Chandra says he does not 
know if there has been any scientist who 
could have said what Monet said on one 
occasion 

T would like to paint the way a bird 
sings.’ 

But we do know a scientist who spoke 
like a poet on one occasion: 

The pursuit of science has often been 
compared to the scaling of mountains, 
high and not so high. But who amongst 
us can hope, even in imagination, to 


scale the Everest and reach its summit 
when the sky is blue and the air is 
still, and in the stillness of the air 
survey the entire Himalayan range in 
the dazzling white of the snow stretch¬ 
ing to infinity? None of us can hope 
for a comparable vision of nature and 
of the universe around us. But there 
is nothing mean or lowly in standing 
in the valley below and awaiting the 
sun to rise over Kanchanjunga. 

This and many other passages with 
parables and quotes from modern, and 
ancient literature, Chandra, to use the 
current politically popular phrase, built a 
bridge, narrowed the gap between the 
so-called two cultures. 

Scores of obituaries, hundreds of 
reviews and letters have lavished praise 
on Chandra, the extraordinary scientist, 
scholar, man of letters, humane, rationa¬ 
list, one whose life stands out for its 
singular dedication to the pursuit of 


science, and for practising its precepts 
and living up to its values to the closest 
possible limit in one’s life. Posterity will 
certainly bear all this in mind and will 
accord Chandra his due place. 

An ancient sage in India was once 
asked by his disciples, what happens to 
a man after his death? Is there an answer 
to those who do not believe in simplistic 
answers, such as heaven and hell, the 
cycle of birth, death and rebirth, karma, 
and so on, the sage is supposed to have 
said 

?? ^ ^ i 

They stand outside time by their deeds 
as they did while they were living. 


Kameshwar C. Wall is in the Physics 
Department, Syracuse University, Syracuse, 
NY, 13244-1130, USA. 



WADIA INSTITUTE OF HIMALAYAN GEOLOGY 

33 General Mahadeo Singh Road, Dehra Dun 248 001, India 
Tel: 91-135-624806, 627387; Telex: 585 326 WIHG IN; Fax: 91-135-625212 
E-mail: wihg@sirnetd.ernet.in 


VISITING SCIENTISTS SCHEME 

Aimed at promoting national and international cooperation in research and training in Earth Sciences disciplines, 
Wadia Institute of Himalayan Geology has launched a scheme of Visiting Fellowships. The scheme offers 
opportunities for taking up studies related to Himalayan geology and geophysics to be carried out at the 
Institute in collaboration with the Institute scientist(s). The tenure of stay under the scheme shall be for 2 to 3 
months, extendable to a maximum of one year in exceptional cases. Four persons shall be invited in a financial 
year (April-March), of whom at least two shall be below the age of 45 years. In addition to a monthly honorarium 
(variable from Rs 3000 to Rs 6000, depending upon qualifications and experience) and, as far as possible, a 
single room accommodation, suitable funds shall be made available forfield work, if any, related to the proposed 
research work. An Indian Visiting Scientist will be entitled to TA and DA as per his/her entitlement from 
parental place of work and back. In the case of a foreign Visiting Scientist, TA and DA will be paid from 
international airport/seaport of landing in India to the Institute and back to international airport/seaport. 

Applications on the prescribed application form are invited under the scheme for the year 1996-97 from 
researchers from academic institutions of higher learning, R&D laboratories and scientific organizations in 
India and abroad. The applications must reach Director, Wadia Institute of Himalayan Geology, Dehra Dun 
latest by 30 November 1997. For application forms and terms and conditions governing the scheme (available 
free of cost) write to the Registrar, WIHG, Dehra Dun. For any query, contact Dr M. I. Bhat, Programme 
Incharge. 
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INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 

Applications are invited from Indian nationals preferably below the age of 35 years for FACULTY 
POSITIONS at the level of ASSISTANT PROFESSOR at the Department of Aerospace Engineering for 
the AR & DB Supported Center of Exceilence in Aerospace Computational Fluid Dynamics. The 
candidates should have (i) Ph D degree in Aerospace/Mechanical Engineering with specialization in Fluid 
Dynamics, Aerodynamics, Computational Fluid Dynamics (CFD) and (ii) three years (relaxabie in 
exceptional cases) of post-doctoral experience of working in CFD. Candidates are expected to pursue 
R&D activities in the broad area of Computational Fluid Dynamics and in particular shall devote 
considerable part of their time for developing application CFD codes of interest to aerospace industries, 
DRDO Laboratories and ISRO. Experience in supercomputing, parallel and vector computing will be 
highly desirable. The total emoluments at the minimum of the scale of Rs 3700-125-4950-150-5700 
(likely to be revised) are around Rs 1,32,000/- per annum. Candidates are requested to send their 
curriculum vitae with a list of publications, important reprints, research plan for future work and names 
of at least three referees with their addresses including fax and e-mail address to Prof. S. Ranganathan, 
Chairman, Division of Mechanical Sciences, Indian Institute of Science, Bangalore 560 012, India 
within 2 months of publication of this advertisement. The referees may be requested to send their 
assessments directly to Prof. S. Ranganathan (e-maii: dcmec@admin.iisc.ernet.in or FAX No. +91-80- 
3340416). For further information, please contact Prof. S. M. Deshpande, Convener, CFD 
(e-mail: smd@aero.iisc.ernet.in) or visit the home page: URL http://www.aero.iisc.ernet.in. 

R(IA)308-12/97 

20 August 1997 REGISTRAR 



BANGALORE INSTITUTE OF TECHNOLOGY 

K. R. ROAD, V. V. PURAM, BANGALORE 560 004 

Applications are invited from eligible candidates to work for three years on a research project on 
PILLARED CLAY ADSORBENTS (sponsored by the Dept of Atomic Energy (DAE), Government of India,) 
at the Department of Chemistry, Bangalore Institute of Technology, Bangalore. 

Name of the position: JRF 

Emoiuments: Rs 2500/- consolidated 

Educationai qualification: 

Post-graduate degree in Chemistry (in any branch) with first/high second class. Those who have appeared 
for the final year examination and awaiting results can also apply. 

Desirable experience: 

Those having experience in the preparation of adsorbents and surface area measurements will be 
preferred. 

How to apply: 

Application typed neatly on plain paper with copies of documents should reach The Principal 
Investigator, DAE Project, Department of Chemistry, Bangalore Institute of Technology, K. R. Road, 
V. V. Puram, Bangalore 560 004 by 20 September 1997. 

PRINCIPAL INVESTIGATOR PRINCIPAL 

DAE PROJECT B.l.T. 
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INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 

Indian Institute of Science invites applications for FACULTY POSITIONS at the level of 
ASSISTANT PROFESSOR for the following Departments in the Division of Mechanical 
Sciences from Indian citizens having (i) ,Ph D with specialization in the appropriate branch, 
(ii) about 3 years post-doctoral teaching/research experience in the relevant specialization 
(relaxable in exceptional cases) and (lii) outstanding research record. Applicants must be 
able to pursue an independent programme of original research and committed to teaching 
and scholarship. 

SPECIALIZATION: 

1. CENTRE FOR ATMOSPHERIC AND OCEANIC SCIENCES: Dynamics of the oceans/ 
tropical atmosphere/coupled ocean atmosphere systems; modelling of monsoons, ocean 
and climate, atmospheric boundary layer, atmospheric convection and climate predictability. 

2. CHEMICAL ENGINEERING: Biochemical engineering/Chemical engineering of materials 
processing/Chemical reaction engineering/Process analysis, control, design and optimization/ 
Separation process. 

3. CIVIL ENGINEERING: (Geotechnical Engineering) Ground improvement/Foundation 
engineering/constitutive modelling and computational methods in geotechnical engineering/ 
Tropical soil engineering. 

(Structural Engineering) Materials of construction/structural mechanics including dynamics, 
experimental mechanics and fracture mechanics/Computational solid mechanics and 
Artificial Intelligence (Al), Expert systems (ES) and Artificial neural networks (ANN) 
applications. 

Emoluments: Rs 11,390 p.m. at the minimum of the scale Rs 3700-125-4950-150-5700 
(scale of pay under revision). 

Applicants may send their curriculum vitae, indicating the Department to which they are 
applying along with research plan for future work, list of publications, important reprints and 
names of at least three referees with their addresses including Fax and e-mail addresses to 
Prof. S. Ranganathan, Chairman, Division of Mechanical Sciences, Indian Institute of 
Science, Bangalore 560 012, India within 2 months of appearance of this advertisement. 
The referees may be requested to send their assessment simultaneously to Prof. S. 
Ranganathan (e-mail: dcmec@iisc.ernet.in or Fax; 091-080-3341683,3340416). Candidates 
are welcome to contact the Departmental Chairman for further information by visiting the 
homepage: URL http:\\www.iisc.ernet.in. 

R(lA)308-18/97 REGISTRAR 
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INDIAN COUNCIL OF AGRICULTURAL RESEARCH 

^ 9 -^ NEW DELHI 

ICAR 

The Indian Council of Agricultural Research, New Delhi announces the following existing 
and new awards. 

1. Jawaharlal Nehru Award for P. G. Agricultural Research, 1997 

To promote high quality doctoral thesis research in priority/frontier areas of agricultural 
and allied sciences, ICAR has instituted 16 awards of Rs 10,000 each to be given annually 
for the outstanding original research work in Agriculture and allied sciences. All post¬ 
graduate students who have obtained their Ph D degree during 1996 in India in Agriculture 
or allied sciences will be eligible to apply. Candidates shall be required to submit the 
following document along with application form through the head of the institute from 
where thesis has been obtained: (i) A copy of the Ph D degree certificate (obtained during 
1996 only), (ii) A copy of the thesis submitted by them for the award of doctoral degree, 
(iii) A certificate from the guide of the candidate for Ph D degree stating the extent to 
which the work is the candidate’s own contribution, (iv) Six copies of the synopsis indicating 
precisely and in concise terms the work done by the candidate, (v) Any reprint of papers 
published/presented based on the doctoral thesis, and (vi) Six copies of the application 
form with complete address for correspondence with telegraphic address and telephone 
numbers. 

2. ICAR Best Institution Award, 1997 

In order to recognize the best performance in Agricultural Research and Education, three 
ICAR Awards of Rs 1,00,000/-^each will be given to two ICAR Institutes/N.R.C./Project 
Directorates and one State Agricultural University, partially out of the interest accrued 
from King Baudouin Award bestowed on the ICAR in 1989. Those Institutions which have 
received the award earlier for 1996 need not apply for the next five years. 

3. Vasantrao Naik Award for Research Application in Agriculture, 1997 

All scientists or extension workers who have made outstanding contribution in the areas 
of Water Conservation and Dryland Farming in India shall be eligible for the award. One 
award of Rs 1,00,000/- is to be given annually for the work done during the preceding 5 
years. 

4. Outstanding Woman Agricultural Scientist Award, 1997 

All the women scientists working in the ICAR Institutes/State Agricultural Universities are 
eligible for the award, one award of Rs 25,000/- is to be given annually for the significant 
contributions made during her career as an agricultural scientist. 

5. Fakhruddin Ali Ahmed Awards for Agricultural Research in Tribal Areas for the 
Biennium, 1996-97 

All research workers engaged in research in agriculture, animal husbandry, fisheries and 
allied sciences for tribal areas (tribal areas for this purpose are those notified by the M/o 
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Home Affairs, Govt of India) will be eligible for applying for the award. Two prizes of Rs 
50,000 each are to be given once in two years for the work done during the preceding 5 
years of the period of the award. The number of associates in a single application should 
not be more than three applicants. 

6. Outstanding Teacher Awards for the biennium, 1996-97 

All staff members engaged in undergraduate or post-graduate teaching for at least 10 
years in deemed Universities, ICAR Institutes and State Agricultural Universities shall be 
eligible for the award. Eight awards of Rs 20,000/- are to be given once in two years. 

7. Best KVK Awards for the biennium, 1996-97 

All KVKs of the country which have run for a minimum period of five years shall be eligible 
for the award. Two awards of Rs 50,000/- each are to be given once in two years for the 
outstanding contribution made by the Krishi Vigyan Kendra in the field of research extension 
and training. Achievements of the last 5 years or more but not exceeding 10 years shall 
form the basis for considering their best performance. 

8. Babu Jagjivan Ram Innovative Farmer Award, 1997 

In order to recognize the outstanding contributions of innovative farmers in agricultural 
and allied activities, ICAR has instituted this award for the first time in the year 1997. One 
annual award of Rs 1,00,000/- is to be given to a practising farmer (he/she) whose creative 
approaches and initiatives should result in (i) new knowledge/packages of practices/ 
management strategies/additional information to the existing one, (ii) additional income to 
the individual farmer/farming community, (iii) saving in resources/inputs, (iv) prevention of 
outbreak of diseases and pests and in breaking technology transfer barriers. 

Any farmer who has been involving himself in agriculture and livestock operations for at 
least 10 years, is eligible for consideration. The nominations are invited from the Agriculture 
Production Commissioner/Secretaries of Agriculture/Horticulture/Fishery/Animal 
Husbandry, District Magistrate; the Vice Chancellor, State Agricultural Universities/Directors 
of the ICAR Institutes/Directorate of Extension, Zonal Co-ordinators of KVKs, etc. 

GENERAL INSTRUCTIONS 

The prescribed proforma for applying for these awards may be obtained from the Council 
on or before 15 October 1997 by sending a self-addressed stamped envelope. Application 
with complete documents should be sent to Assistant Director General (CSC), ICAR, New 
Delhi 110 001, so as to reach him on or before 31 October 1997. The last date for candidates 
in the Andaman and Nicobar Islands, Lakshadweep, States/Union Territory in the North 
Eastern Region, Ladakh Division of J&K State and Sikkim is 17 November 1997. The 
award-winning application/thesis will be retained by the Council for record. 

Each candidate will be judged on the basis of the originality and the applied value of the 
investigations as revealed in the documents submitted by him. In all matters relating to 
the award, the decision of the Council shall be final and no correspondence on this account 
will be entertained. 
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INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 

Applications are invited from indian nationals preferably below the age of 35 years for the position of 
Lecturer one each in German & French in the Foreign Languages Section of the Institute. The selected 
Lecturers will have to teach German/French to the students of the Institute and also help in technical 
translations of articles in German/French to English and vice versa. The candidates should have (I) a first 
class Master’s degree in German/French, followed by a Ph D degree. The candidates are expected to 
have excellent oral and written communication skills in English and a good publication record. Post¬ 
doctoral experience in teaching German/French is desirable. The total emoluments at the minimum of the 
scale of Rs 3000-100-3500-125-5000 (likely to be revised) are around 1,25,000/- per annum. 
Candidates are requested to send their curriculum vitae with a list of publications, important reprints, and 
names of at least three referees with their addresses including fax and e-mail addresses to Prof. S. V. 
Subramanyam, Chairman, Division of Physicai and Mathematical Sciences, indian Institute of 
Science, Bangalore 560 012, India on or before 31 October 1997. The referees may be requested to 
send their assessment directly to Prof. S. V. Subramanyam (e-mail: dcphy@admin.iisc.ernet.in or fax no. 
-1-91-80-3340416). For further information please contact Prof. Thomas Chacko, Foreign Languages 
Section. Phone no. -1-91-80-3092471. 


R(IA)308-16/97 REGISTRAR 

12 August 1997 


FIRST ANNOUNCEMENT 

INTERNATIONAL CONFERENCE ON ARSENIC POLLUTION OF GROUND 
WATER IN BANGLADESH: CAUSE, EFFECT AND REMEDY 

9-13 FEBRUARY 1998 
VENUE: DHAKA, BANGLADESH 
Including 2-day visit to arsenic-affected villages 

CONTACT PERSONS: 

IN BANGLADESH: 

Professor Quazi Quamruzzaman, Chairman, Dhaka Community Hospital Trust, 

1089 Malibagh Choudhurypara, Dhaka 1219, Bangladesh. 

Tel: Off. 88-02-834887, 88-02-416582, Res. 88-02-833385, E-mail: dch@bangla.net 

IN INDIA: 

Dr Dipankar Chakraborti, Director, School of Environmental Studies, 

Jadavpur University, Calcutta 700 032, India. 

Tel: Dept. 91-33-4735233, Res: 91-33^121239. 

Fax: direct 91-33-4734266, E-mail: dcsoesju@giascl01.vsnl.net.in 

ORGANIZED BY: 
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Physics of sailing craft 

A sail is pushed by the wind, propels 
the boat, and that’s where the matter 
ends for all of us. But this is just the 
beginning of the story which 
V. Radhakrishnan relates (page 503). 
The article offers glimpses of a fasci¬ 
nating history, physical principles which 
are surprising at first sight (which even 
Newton missed!), and implications 
which are even more surprising such 
as the highest speed being achieved by 
going almost against the wind. Con¬ 
trary to popular belief, the grace and 
elegance of the sailing ship was in 
appearance only, the Chinese junk 
being technologically a better design. 

One learns that Rayleigh himself 
foresaw the connections between the 
sails of boats and the wings of aircraft 
yet unborn. Today, many ideas from 
aeronautics are being fruitfully trans¬ 
planted back into the water. The last 
part of the article deals with the novel 
and still-evolving designs which have 
emerged, often from the workshops of 
gifted amateurs. The author brings to 
his subject four decades of first hand 
experience of sailing and three of 
flying, acquired en passant while 
practising radioastronomy around the 
world. 

Rajaram Nityananda 

Bergman cyclization 

Ernest Rutherford undoubtedly over¬ 
stated his case when he said that there 
are two kinds of science - ‘physics and 
stamp collecting’. Chemists and 
biologists have proved the virtues of a 
philatelic approach to science. The 
careful collection and documentation 
of facts and observations is indeed a 
central theme of science. Organic 
chemistry is a discipline in which, 


In this issue 


traditionally, the collection of experi¬ 
mental facts has taken precedence over 
the development of sweeping generali¬ 
zations and unified theories so beloved 
amongst physicists. Cataloguing reac¬ 
tions and molecular structures 
spanning a period of over a century 
has resulted in a subject that appears 
largely incomprehensible even to sci¬ 
entists in other areas. The lay public is 
generally blissfully unaware of even 
useful developments in a field of 
immense practical importance. The 
poor public image of organic chemis¬ 
try (and indeed chemistry as a whole) 
is partly due to the many problems of 
environmental toxicity associated with 
chemicals, while ignoring their myriad 
beneficial uses. Another oft unappre¬ 
ciated factor is that the language of 
organic chemistry is totally foreign to 
those outside its disciplinary bounda¬ 
ries. While practising chemists find 
the language of chemical structures 
precise, with a rational grammar, out¬ 
siders are bewildered by a stunning 
array of hieroglyphics. Chemical lan¬ 
guage, however, has great aesthetic 
beauty and indeed well-drawn formu¬ 
lae convey a great deal about molecu¬ 
lar shape and electronic characteris¬ 
tics. There are structures which have 
become so widely known that they are 
readily recognized even by non-chem¬ 
ists. Benzene is an example while 
water is another. In the drive towards 
classification and cataloguing, organic 
chemists have also discovered myriad 
reactions, which allow the rational 
transformation of one stmcture into 
another. A curiously appealing feature 
of the subject is that many reactions 
are named after their discoverers with 
some of the better-known reactions 
having been recognized by Nobel 
committees in this century. (The roll of 
honour includes Victor Grignard, Otto 


Diels, Kuit Alder and more recently, 
Georg Wittig.) It is not surprising, 
therefore, that students of organic 
chemistry are often found huddled 
before examinations studying ‘name 
reactions’. 

One such reaction is the esoteric 
conversion of an acyclic system con¬ 
taining two acetylenic units linked by 
an ethylene unit (the cis enediynes) to 
a cyclic benzenoid diradical, which 
was discovered by Robert Bergman at 
Caltech in 1972. He would have 
hardly imagined that the cis enediyne 
skeleton would surface in a natural 
product calicheamicin produced by a 
microorganism. Even more improb¬ 
ably, the product of the Bergman 
cyclization of calicheamicin interacts 
with DNA, resulting in antitumour 
activity. The discovery of calicheamicin 
and the elucidation of its structure at 
the Lederle Laboratories in the 1980s 
brought the Bergman cyclization to the 
limelight, illustrating forcefully the 
importance of serendipity in scientific 
discovery. 

Pramanik et al (page 527) examine 
the electronic factors that influence the 
Bergman cyclization. The authors use 
both AMI and ah initio molecular 
orbital calculations, demonstrating the 
tremendous inroads that quantum me¬ 
chanics has made into chemistry. Paul 
Dirac also surely overstated his case 
when he said the quantum mechanics 
explains much of physics and certainly 
all of chemistry. Nevertheless, within 
the limits imposed by the many inher¬ 
ent approximations in calculations on 
large molecular systems, quantum 
chemistry provides glimpses of elec¬ 
tronic structure and reactivity that are 
invaluable in designing new molecules 
and experiments. 

P. Balaram 
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Bioresource and biotechnology policy for the Asian region: 
Recommendations from an international seminar 


Gene Campaign, a non-governmental 
organization closely involved with the 
issues of biological resources, intellec¬ 
tual property rights, farmers’ rights and 
community rights, organized a seminar 
on Bioresource and Biotechnology Pol¬ 
icy for the Asian Region in New Delhi 
on 10 and 11 May 1997. The two-day 
meeting brought together experts and 
policy makers from India, Bangladesh, 
Nepal, Sri Lanka, Malaysia, and the Phil¬ 
ippines who identified components of a 
common agenda for the Asian region. 

At the seminar, the participants rec¬ 
ognized that most of the world’s bio¬ 
logical resources are located in the 
developing countries and it is their 
communities that have protected these 
resources over generations. These 
countries have a major stake in how the 
bioresource base of the world is used 
and how benefits of this use are shared. 
These biodiversity-rich countries should 
lormulate definite views on the rights of 
communities so that justice is done to 
the custodians of .the world’s biore¬ 
sources. It is equally important that 
these countries reflect carefully about 
what kind of Intellectual Property 
Rights (IPR) regimes they accept. 

The South and South East Asian re¬ 
gion is gene-rich and has three major 
centres of diversity of important crops 
including cereals, pulses, oilseeds, 
vegetables, fruits and flowers. This re¬ 
gion has contributed in a very signifi¬ 
cant way to the germplasm pool of the 
International Agricultural Centres and 
the countries of the North. Agriculture, 
which is the mainstay of the economy 
and the livelihood base of this region, is 
supported by research and development 
through public funding. Conversely, in 
the countries of the North, where people 
working on farms does not exceed 5% 
of the population, the private sector 
plays the most crucial role in agricul¬ 
ture. Therefore what is useful and ac¬ 
ceptable in the North, may not be good 
for the South. 

For the countries of the Asian region 
where agriculture is the backbone of the 
economy and where bioresources still 
form the socio-economic foundation of 


tribal and rural communities, retaining 
control over these resources is a com¬ 
pulsion of survival. As the foundation 
material of biotechnology, one of the 
world’s most dominant technologies, 
bioresources can become the vehicle for 
self-reliant growth for the countries in 
our region. 

Biotechnology has emerged as a pow¬ 
erful tool for enhanced and improved 
productivity in various areas such as 
food, medicine and industrial products. 
Crops with better nutritional quality, 
increased resistance to biotic and abiotic 
stress, as also improved capacity for 
post-harvest processing, can be pro¬ 
duced through biotechnology. Given its 
crucial role, biotechnology should be¬ 
come an integral part of bioresource 
development. This technology should be 
taken to the village to increase food and 
agricultural production, conserve ge¬ 
netic diversity, and enhance rural in¬ 
comes. Genetic resources recognize 
natural, not political boundaries, so 
similar biological resources are found in 
more than one country. Therefore, it is 
of utmost importance that the countries 
of the region work together to formulate 
a regional policy. This is needed to 
strengthen their position as a gene-rich 
centre and derive the maximum possible 
benefits from their biological wealth, as 
also to ensure that no one country is 
able to undermine the larger interests of 
the region. 

The IPR regime on bioresources 
which is being demanded by the North 
is not desirable for the countries of the 
Asian region. They should devise IPR 
regimes appropriate for their particular 
situation, 

The recommendations of the seminar 
were as follows: 

- IPR awareness and patent literacy 
must be improved at all levels. 

- The region should move quickly to 
enact legislation pertaining to the 
Convention on Biological Diversity 
(CBD) to protect its bioresource and 
indigenous knowledge base. GATT- 
derived legislation on IPRs must be 
made subservient to the CBD. 


- A comprehensive, mutually acces¬ 
sible database should be built up by 
accessing data from diverse sources. 
Appropriate steps must be taken to 
prepare computerized and easily ac¬ 
cessible inventories based on reli¬ 
able data in various areas. Technical 
jargon should be converted to easily 
comprehensible information in re¬ 
gional languages. This information 
should be made widely available to 
enable participatory decision making 
in this important area. 

“ In the laws of the countries of the 
region, oral documentation should 
be treated on par with coded docu¬ 
mentation for all purposes. This 
should be admissible as evidence of 
knowledge existing in the public 
domain and constitute grounds for 
challenging unauthorized use. 
Austrian law has already establi¬ 
shed a working precedence in this 
regard. 

- Capacity building should be a prior¬ 
ity exercise with easy transfer of 
technology, exchange of materials, 
experiences and skills specially in 
fields like conservation. There 
should be exchange of expertise in 
taxonomy and the different ways 
countries manage and utilize their 
biological resources. A state-of-the- 
art institute in the area of biological 
taxonomy should be set up by a 
multi-nation consortium in the 
Asian region. The region should 
identify priority technologies for it¬ 
self and either acquire or develop 
them jointly. Certain facilities such 
as the DNA fingerprinting facilities 
for animals and plants in Hyderabad 
and Delhi, should be open to all the 
countries of the Asian region at the 
same cost and with the same condi¬ 
tions as would be valid for the host 
country itself. 

~ The countries of the region should 
have an exchange programme of re¬ 
source people with special skills in 
various areas, specially Intellectual 
Property Rights, Farmers and Com¬ 
munity Rights and Benefit-sharing 
mechanisms. 
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- The region should set up a common 
forum to challenge infringements 
and violations pertaining to use of 
biological resources and indigenous 
knowledge. 

- The region should have a mecha¬ 
nism like an Inter-Regional Standing 
Committee for early warning, con¬ 
tainment and emergency responses 
to accidents like unintended release 
of genetically modified organisms 
(GMO). 

- The region should have a common 
position in international negotia¬ 
tions and intervene strongly in fol¬ 
low-up negotiations. 

- The indigenous technology of the 
area should be collected and owner¬ 
ship established over this and over 
the resource itself. Patenting and 
extensive use of traditional practices 
must be prohibited unless there is 
adequate compensation to the com¬ 
munity. 

~ Countries should exercise control 
over export of their biological re¬ 
sources on the same stringent level 
as export controls over ‘dual-use’ 
technology for national security and 
foreign policy reasons. 

- The voluntary sector must be 
strengthened. 

- Constitutionally-guaranteed rights 
over resources should be given to all 
communities that have been living 
for, say a hundred years, in forest 


and other reserved areas, sanctuaries 
and national parks. The management 
of these areas must involve these 
communities in a way that they have 
a major voice in the management of 
the area. 

- Every organization - governmental 
or non-governmental, funded wholly 
or partially by public money, must 
be transparent and accountable for 
its statements and actions, and must 
be taken to task if any information 
that it presents is shown to be sub¬ 
stantially wrong. 

- Patent laws should be revised, where 
necessary, to prohibit the patenting 
of any living form (micro-organism, 
plant or animal) or of any product 
made directly by or from the living 
form. This provision would thus 
prohibit the patenting of any geneti¬ 
cally engineered life-form, or a 
product such as azadirachtin derived 
from neem. 

- Asian countries including India 
should design their own siii generis 
systems for protection of plant va¬ 
rieties, farmers’ rights and breeders’ 
rights. Their system should reflect 
the strengths and compulsions of 
gene-rich developing countries. 

- Appropriate steps should be taken, 
both by the government and NGOs 
to make the people of the Asian re¬ 
gion aware of their bioresources and 
of biotechnology; of the legal, so- 


Biosafety concerns in biotechnology* 


The Convention of Biological Diversity 
(CBD), which has now been ratified by 
over 170 countries, contains several 
provisions related to biosafety and safe 
handling of biotechnology products. 
The question of developing an agreed 
international protocol for biosafety is 
being considered at meetings of an open 
ended ad hoc working group of the 


^Report of the Asia-Pacific workshop 
organized jointly by M. S. Swaminathan 
Research Foundation and Department of 
Biotechnology, Government of India with 
technical and financial support from Cornell 
University and USDA. 


conference of parties to the CBD. It is 
hoped that an agreed biosafety protocol 
will emerge at the next conference of 
parties scheduled to be held in 1998. 
Such a development will enable all 
countries, particularly developing ones, 
to derive benefit from the striking prog¬ 
ress made during recent decades in 
mobilizing the tools of molecular biol¬ 
ogy and biotechnology for achieving the 
goals of food and health security. 

There is understandable public con¬ 
cern about the safety, equity and ethical 
aspects of biotechnology. Although one 
could ask, ‘how safe is safe?’, it is es¬ 
sential that scientists undertake a thor- 


cial, moral, ethical, political and 
economic implications of modern 
biotechnology and of the role that 
biotechnology can play today in 
both conservation of bioresources 
and their utilization for develop¬ 
ment. An appropriate policy in re¬ 
gard of the above-mentioned use of 
biotechnology must be evolved and 
reviewed continuously in real time. 

- As a rule, no foreign aid should be 
accepted for work in sensitive areas 
that relate to biodiversity and/or 
conservation unless it is ensured 
with full transparency that the aid 
being given has no conditions at¬ 
tached that would not be in national 
interest. This would obviously not 
apply to genuine bilateral or multi¬ 
lateral collaboration that permits 
free use and publication of the re¬ 
sults of the research. 

- Asian countries must come out with 
a viable and sensible science policy, 
technology policy and agricultural 
policy. 

- Political organizations such as par¬ 
liamentary scientific committees 
should play an important role in the 
evolution of the above-mentioned 
policies, by providing an interface 
between professional scientists and 
parliamentarians. 


Suman Sahai, Gene Campaign, C-130, 
Raju Park, New Delhi 110 062, India. 


ough action-reaction analysis, using a 
systems approach. Public concerns must 
be addressed and fears allayed. The 
emerging challenges in the field of agri¬ 
culture can be met only through appro¬ 
priate integration of frontier science and 
ecological prudence. The Asia-Pacific 
region with a vast population and a high 
degree of poverty needs, in particular, 
all that science and technology have to 
offer in alleviating hunger and depriva¬ 
tion. This calls for greater R&D invest¬ 
ment in low external input, sustainable 
agriculture and aquaculture technologies 
rooted in the principles of ecology, eco¬ 
nomics, and social and gender equity. 
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It is in this context that an Asia- 
Pacific Workshop on Biosafety 
with particular reference to the Envi¬ 
ronmental Impact Analysis of Trans¬ 
genic Plants, held at the M. S. 
Swaminathan Research Foundation from 
20 to 26 July, 1997, assumes impor¬ 
tance. The well-attended workshop was 
designed to expedite the process of es¬ 
tablishing scientifically credible and 
competent regulatory and field testing 
protocols. 

The workshop was timely and was 
designed to promote capacity building 
in this region to use biosafety assess¬ 
ment and environmental impact 
assessment as tools for technology as¬ 
sessment and adopting biotechnology 
for agricultural development and inter¬ 
national harmonization of biotechnol¬ 
ogy regulatory policies. It was hoped 
that would help in establishing credible 
and scientifically competent biotechnol¬ 
ogy review policies and protocols for 
reviewing agricultural biotechnology 
products in the Asia-Pacific region. In 
addition, the workshop was intended to 
help in articulating issues which should 
find a place in the proposed biosafety 
protocol to be included in the conven¬ 
tion of biological diversity. 

During the workshop, several issues 
of direct relevance to the field of ge¬ 
netic engineering and biotechnology, 
such as general environment impact 
assessment, biosafety and convention of 
biological diversity, effects on non¬ 
target organisms, concerns of gene 
transfer and gene introgression, inte¬ 
grated pest management, marker genes, 
genetically modified microorganisms, 
genetic engineering and food salbty, 
international guidelines, perception of 
industrial, government, private and 
public sector and trade-related issues in 
agricultural biotechnology were dis¬ 
cussed in great detail. 

The participants were provided with 
hands on review on case studies related 
to transgenic Bt rice, herbicide-tolerant 
and virus-resistant transgenic plants. 
Four lively panel discussions, on the 
perception of scientists, government 
sector, industrial sector and mass media 
and a public forum on Biotechnology 
for Public Good formed part of the pro¬ 
gramme. 


The participants of the Asia-Pacific 
Biosafety workshop on Environmental 
Analysis of Transgenic Plants urged the 
political and scientific leaders, the civil 
society and the mass media of countries 
in this region to promote accelerated 
efforts in mobilizing the tools of bio¬ 
technology and genetic engineering for 
improving the productivity, profitabil¬ 
ity, stability and sustainability of the 
major cropping systems of this region. It 
was pointed out that care should be 
taken to eliminate unacceptable risks 
with reference to human and animal 
food and health security as well as to 
basic life support systems through an 
effective biosafety and risk assessment 
and management mechanism established 
in accordance with the legally bindinc^ 
CBD. 

The papers presented at this work¬ 
shop have clearly established that bio¬ 
technology can become a powerful 
instrument of public good. The partici¬ 
pants noted that in the Asia-Pacific 
region, some countries such as China, 
India, Japan and Thailand are already 
engaged the field testing and release of 
transgenic crops, while others are in 
different stages of finalizing the field 
testing aspects of their biosafety regula¬ 
tions. Genetic engineering is a young 
science and there is a need to go 
through a process of learning. This is 
where both caution and sharing of ex¬ 
perience and information will be of par¬ 
ticular value. 

The participants suggested the follow¬ 
ing recommendations for the considera¬ 
tion of appropriate national authorities 
and scientific community. The pre¬ 
scribed regulatory agency should ensure 
that the transgenic material will not 
have unfavourable ecological repercus¬ 
sions before permission is granted for 
field trials. Once the material has been 
deregulated after being subjected to 
safety evaluation, the product could be 
commercialized by the agency which 
had submitted it to the regulatory 
authority. Every country should desig¬ 
nate a National Focal Point (NFP) with 
reference to biosafety policy and im¬ 
plementation. Well-defined procedures 
will have to be introduced for material 
produced by indigenous R&D as well as 
those obtained from abroad. It is neces¬ 


sary to tailor the management of safety 
procedures to the local social, cultural 
and agronomic practices. Careful cost- 
benefit analysis should be done before 
new materials resulting from recombi¬ 
nant DNA experiments are recom¬ 
mended for commercialization. 

The workshop recommended that as 
part of the capacity-building exercise, 
Genetic Enhancement Centres could be 
set up in suitable institutions where 
novel genetic combinations could be 
produced lor the use of breeders who 
can then develop location-specific va¬ 
rieties. As information empowerment of 
the civil society is the best insurance 
against unfavourable risks, the work¬ 
shop suggested that there should be 
public debates and discussions on mat¬ 
ters relating to risk assessment. The 
assessment procedures must be trans¬ 
parent and timely information should be 
provided to the public through the mass 
media. The participants also called for 
collaboration between public and pri¬ 
vate sector research institutions and 
benefit sharing. 

The participants felt that as the Asia- 
Pacific region shares in common many 
crops and is also characterized by simi¬ 
larities in agro-ecological and socio¬ 
economic conditions, there is consider¬ 
able scope for regional co-operation in 
biosafety regulation and implementa¬ 
tion. Such regional co-operation will 
need adequate financial and trained 
manpower resources for being placed on 
a sustainable foundation. 

The participants also recommended 
several specific suggestions in important 
areas relevant to. biosafety, such as, (a) 
Biotechnology, biosafety and potential 
environment impact, (b) Impact of bio¬ 
technology on biodiversity, (c) Ethical 
concerns in biosafety reviews and envi¬ 
ronmental risk assessment, and (d) 
Harmonization, risk assessment, and 
funding for capacity building. The de¬ 
tailed recommendations have been pub¬ 
lished by the M. S. Swaminathan 
Research Foundation. 


Ajay Parida, Nivedita Ram and 
M. Lakshmi, M. S. Swaminathan Re¬ 
search Foundation, III Cross Street, 
Taramani, Chennai 600 113, India. 
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APS honours Indian physicist 


Murugappan Muthukumar, 46, Profes¬ 
sor of Polymer Science and Engineering 
at the University of Massachusettes at 
Amherst, has been chosen for the 1998 
American Physical Society Prize in 
High Polymer Physics, also known as 
the APS Ford Prize. Among the theore¬ 
ticians to win this award in recent years 
are P-G. de Gennes, a Physics Nobel 
Laureate from France, and Sir Sam 
Edwards of the UK. 


Muthukumar is well known for 
his contributions to the theory of poly¬ 
mer physics. The APS has honoured him 
for outstanding theoretical contributions 
to the fundamental understanding of the 
statistics of isolated chains, chain dy¬ 
namics, critical phenomenon and poly¬ 
mer self-assembly. 

Muthukumar graduated from the 
Christian College, Madras, and after a 
short stint as a lecturer in Chemistry in 


Christian College and Loyola College at 
Madras, he went to the Department of 
Physics, University of Chicago, where 
he was awarded the doctoral degree in 
1979. 

Muthukumar joined the faculty of the 
University of Massachusettes, Amherst, 
after a two-year stint at the Cavendish 
Laboratory in Cambridge and is cur¬ 
rently a Visiting Professor at the Insti¬ 
tute of Mathematical Sciences, Chennai. 
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Events on and on... in cellular differentiation: Aspirations and 
the rationale 


Sribir Sen and H. K. Majumder 

A century has already passed since a 
German biologist, Wilhelm Roux started 
working on developmental biology 
(1894). Plant biologists, meanwhile, 
used the essence of totipotency of the 
somatic cell and even the germ cell to 
develop and differentiate several plants 
in vitro using the knowledge of basic 
components of cellular growth regula¬ 
tor'. However, in the mammalian system 
the scenario is quite different. Nonethe¬ 
less, in vitro fertilization and later 
differentiation in vivo have been stan¬ 
dardized in the human system (Patrick 
Steptoe of Oldham and District General 
Hospital, Oldham, UK). In vitro trans¬ 
genic regeneration in human system has 
not been practised so far particularly 
and exclusively due to ethical and many 
other reasons. Such study of embryonic 
differentiation in human species is 
highly desirable due to a variety of dis¬ 
eases that cause deformation, by the 
dysfunction of different organs- 
in particular lung, pancreas, heart, liver, 
kidney, eye and blood-related diseases 
such as thalassemia, immune deficiency, 
osteopetrosis, aplastic anemia and leu¬ 


kaemia. In vitro morphogenesis of dif¬ 
ferent organs is yet to be experimentally 
manipulated. But it is good enough to 
use cellular totipotency for regeneration 
of different organs from targeted em¬ 
bryonic stem cells or from cells of the 
same organ. This context has come in 
the arena of thinking due to several 
reasons in terms of human suffering^’^. 
This concept in humans had come as 
early as 1940 when Joseph E. Murray, 
Professor of Surgery at Harvard Medical 
School, performed the first successful 
kidney transplantation on a pair of 
identical twins later in 1962 between 
two unrelated donors. Another break¬ 
through was perhaps the work of E. 
Donnell Thomas of Fred Hutchinson 
Cancer Research Center who trans¬ 
planted bone marrow in 1954. The 
mechanism of subsequent hazards in the 
recipient system makes this field of 
science a challenging one. The signal¬ 
ling cascades of graft rejection events 
have been well understood in the mam¬ 
malian system'’^. 

Immunologists, however, have begun 
to unravel the nature of the major histo¬ 


compatibility complex (MHC) that is 
not only important in rejecting foreign 
tissue but also plays a key role in many 
immune reactions as later research has 
shown. Graft implantation followed by 
associated problems toward the recipi¬ 
ent system has made this biotechnique 
the kind of avenue where one has to 
encounter many other problems. A lot of 
immunosuppressive drugs, namely, cy¬ 
closporin A, methotrexate, azathiporine, 
rapamycin, misoribine, etc., many corti¬ 
costeroid and now-a-days even different 
cytokinin like IL 10 have been effi¬ 
ciently used in transplantation proc¬ 
esses. Heresy of solvation in a better 
way perhaps may be possible by making 
bridges between transplantation biology 
and developmental biology, even though 
genetically engineered systems are now 
highlighted^’. Knowledge of hormonal 
regulation, growth factors activation, 
studies of transcription factors and mor- 
phogenic factors and their coordinated 
regulation till date in gene regulation 
are not sufficient to differentiate an 
organ from embryonic stem cells or 
from the cells from organ itself. Investi- 
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gators, of course, are far off to achieve 
such goals and in the juvenile stage. 
Understanding Drosophila develop¬ 
mental genetics and embryonic differ¬ 
entiation in particular segmentation, 
pattern formation, identification of 
wingless gene (vi/g), heart development 
(tinman), several others (armadillo, 
engrailed wnt, etc.) and Fgf 8 for limb 
development in chick are very prema¬ 
ture to speculate or design a model for 
in vitro complete organogenesis. It is 
worthy to note that Herzlinger and 
Brown have shown the use of wntl gene 
which activates in differentiation of 
embryonic mesenchymal cells to aggre¬ 
gate and differentiate into kidney 
epithelial cells in culture. McMohan and 
his colleagues find wnt4 gene liinctions 
in kidney differentiation. Many more 
groups are engaged in unraveling the 
real picture of cellular differentiation 
and thereby in vitro organogenesis^’^ 
(Table 1), Receptor mediated and non- 
receptor mediated cell to cell signaling 
and molecular signaling for morpho¬ 
logical changes in cellular system fol¬ 
lows a definite cascade of regulation 
such as tyrosine kinase-oncogenic acti- 
vation-Rec 1/2; CDC 42 Hs-PAK- 
MEKK-JNKK-JNK; P38; and interme¬ 
diate activation of morphological 
changes is now in the dim light in hu¬ 
man understanding. A lot is awaited^^. It 
is also important to mention that some 
growth and differentiation factors such 
as erythropoietin, insulin-like growth 
factor, platelet-derived growth factors, 
transforming growth factor p, os¬ 
teogenic proteins and others are now 
undergoing clinical trials'^^’^^ Even 
though cellular differentiation and mor¬ 


phogenesis constitute a plethora of 
events and how they orchestrate with 
growth factors, differentiation factors, 
transcription factors and morphogenic 
factorsneed several years of study. 
Construction of organ banks and study 
of preservation and maintenance’^’*'^, 
however, will be possible immediate 
solvation for humans till the proper 
availability of technique and knowledge 
in in vitro complete organogenesis are 
feasible. To shed more light on these 
aspects, one can address utilization of in 
vitro fertilization followed by in vitro 
differentiation of specific organ by dis¬ 
secting out the particular stem cell or 
tissues from embryo that may open a 
new avenue of studies but one can also 
think of taking a single cell from patient 
and in vitro differentiation of the de¬ 
sired organ will be a class of science 
that deserves the attention of develop¬ 
mental biologists. 

Recent breakthroughs and actively 
debatable aspects of human cloning’^ 
have made this field of science a pearl 
of understanding in respect to human 
suffering. The essence is of course, 
when a blind man is in need of sight, a 
person having acute pulmonary problem 
is in need of breath, a person with car¬ 
diac problem is in need of better circu¬ 
lation of blood and a person with renal 
problem is in need of proper func¬ 
tioning of kidney. In that particular 
arena of understanding the achievement 
of Wilmut and colleagues*^’ in develop¬ 
ing and differentiating a complete 
mammal by changing cytoplasmic envi¬ 
ronment and adding a nucleus to a en- 
nucleated egg has lot of impact to 
combat human suffering even though 


ethical problems and aesthetic values 
may encounter human need. 
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Table 1. Genes identified for phenotypic differentiation in vertebrate embryo 


Phenotypic group 

Subgroup 

Genes (N) 

Alleles/genes 


Blood 

15 

2.0 


Heart morphology 

8 

1.1 

Organs 

Heart beat 

14 

1.3 


Liver, gut, kidney 

6 

1.0 


Eye 

9 

1.3 


N, Number of identified genes in zebrafish. In humans, genes related to organ spe¬ 
cific differentiation are the central theme for a number of laboratories and a few of 
them have been identified. 
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Entombed bacteria deep inside the earth 


A. V Sankaran 

Scientists’ quest for life, past and present, 
has been confined, so far, to the relatively 
thin superficial layers of Earth’s crust. 
They have been assuming that no life can 
exist in the regions other than Earth’s 
ground, air and water, but this view is 
getting jolted in recent times. The domain 
of life on our planet appears to extend 
beyond these regions as living colonies of 
microbes, in most inhospitable, oxygenless 
habitats - 3 to 7 km deep within the rocky 
crust, entombed for millions of years, are 
increasingly being discovered. In the 1920s, 
Edson S. Bastin, a geologist at the Univer¬ 
sity of Chicago, and his colleague, Frank E. 
Greer, a microbiologist, proposed that 
bacteria and similar organisms called archaea 
they had collected from certain oil-bearing 
rocks, more than half a kilometer below, 
were actually evolved from microbes bur¬ 
ied 340 million years ago. They had 
guessed their presence after they detected 
hydrogen sulphide and bicarbonate in the 
waters from the oil horizon and concluded 
that like some of the sulphate-reducing 
bacteria on the surface of the Earth, these 
trapped bacteria must be deriving them by 
the breakdown of organic compounds in 
the oil Fellow scientists who believed that 
what Bastin and Greer saw were contami¬ 
nants of surface living organisms, however, 
received their views with skepticism. All 
subsequent discoveries of similar life within 
deep subsurface rocks were dismissed on 
the same supposition of contamination. 
Further studies on these subterranean 
biospheres remained dormant for the next 
few decades. 

During the 1980s, joint researches on 
these entombed microorganisms were re¬ 
sumed, primarily due to government con¬ 
cern that they may spread into ground 
water the hazardous and toxic nuclear 
wastes that have been disposed by burial 
in deep underground repositories. Research 
projects were soon initiated and deep 
drilling at a few sites commenced; the need 
to recover drill cores, uncontaminated by 
surface living bacterial forms was given 
importance and this paved the way for the 
development of special equipment, innova¬ 
tive aseptic techniques and special con¬ 
firmatory tests by tracer chemicals and 
DNA methods. Systematic studies by 
different teams of investigators in North 


America and Europe soon began reporting 
discoveries of these bacteria deep under¬ 
ground and beneath the ocean floors 
(Table l)^“l At an experimental drilling 
site in South Carolina, near the Savannah 
River Nuclear Processing Unit, the team 
from Oakridge National Laboratories in 
Tennessee, discovered the isolated exist¬ 
ence of archaea and bacterial colonies in 
rocks recovered from 500 meters depth. 
T. J. Phelps of Oakridge National Labora¬ 
tory, T. C. Onstott of Princeton Univer¬ 
sity and others came across several species 
of bacteria, 2.7 km below the ground in 
Taylorsville basin in eastern Virginia^ The 
authors found that some of these bacteria 
(e.g. Bacillus inf emus), unlike the surface 
dwellers were anaerobic thermophiles (heat 
lovers), living in ambient temperatures as 
high as 75~140°C. They were supposed to 
have entered the deep domains, eons ago, 
through migrating pore-water which is 
believed to have taken as much as 50 
million years or more to reach a site like 
the one at Taylorsville basin, some 3 km 
below. 

These unique forms of life, confined in 
a restricted space for millions of years 
deep in the crustal rocks, as isolated 
colonies with a population ranging be¬ 
tween a few hundreds to several millions, 
appear enigmatic to our conception of life 
based on organisms living on the surface. 
They have been found up to 4 km below 
continental and 7 km below oceanic crusts, 
their distribution restricted more by the 
increasing temperatures, availability of nu¬ 
trients (C, N, and P), and fuel for energy. 
After several initial decades, when many 
doubted the identity of these microbes as 
forms quite distinct from those on the 
surface, with the advent of advanced and 
reliable tools providing unambiguous scien¬ 
tific data, the existence of these microor¬ 
ganisms became an established fact. Yet, a 
few skeptics continued to suspect that 
surface-living bacteria must have somehow 
gained entry, for example, through the 
lubricating oil that is usually pumped in 
during the drilling operations. However, as 
Frederickson and Onstott explain, the 
doubts of the critics could be set aside, 
since (a) the oil-borne bacteria were aerobic 
forms (surviving on oxygen), while the 
deep dwellers were anaerobic; (b) checks, 


using experimentally introduced special 
chemicals (tracers) into the drilling fluids, 
proved that the extremely fine inter¬ 
granular spaces in the rocks (a mere tenth 
the size of surface living bacteria) pre¬ 
vented their entry; (c) in their appearance, 
the deep dwellers had no resemblance to 
any of the single-celled surface forms like 
bacteria, fungi, or protozoa; (d) DNA 
probe tests conducted on the retrieved 
rock cores, using special fluorescent dyes, 
had revealed beyond doubt, the patchy 
existence of the^e bacterial colonies; (e) 
presence of biogenic fatty acid chains 
(phospholipids), the building blocks of cell 
membranes^ at these sites, further con¬ 
firmed the presence of microorganisms. 

Researchers, both geologists and 
microbiologists, have noted that although 
the habitats of these bacteria are devoid of 
oxygen and other readily-available vital 
constituents, they are yet able to derive 
them, somehow, from their surroundings. 
Needless to point out, their requirements 
for these should be quite negligible, as they 
have an unbelievably low metabolic rate, 
and they hardly grow and reproduce. Cell 
division among them is very slow, taking 
place once in a century, unlike on the 
surface of Earth where these divisions 
occur in minutes to hours. 

The basic needs required by these 
subsurface microbes are obtained through a 
broad range of chemical reactions that are 
possible in the deep environments. Since 
different bacteria thrive on energy derived 
by different chemical reactions, the type of 
bacteria populating a site depends on the 
particular reaction taking place at that site. 
For example, a porous sedimentary layer 
permitting the transit of groundwater, may 
contain oxygen-rich zones supporting abi¬ 
otic types, whereas, in oxygen-poor zones, 
the possible chemical reactions like manga¬ 
nese reduction (MnO^—>Mn^'*’), or, iron 
reduction (Fe^'"-^Fe^'^), or, sulphate reduc¬ 
tion (S 0 /"-->H 2 S), or, methanogenesis 
(C 02 ->CH 4 ) accordingly dictate the type 
of bacteria that can populate the region. 
Stevens and McKinley^ of Pacific North¬ 
west National Laboratory, Washington, 
USA, have observed that most subsurface 
communities are ‘ultimately or indirectly 
dependent on photosynthesis for their 
energy; they either use remnant organic 
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Table 1. Some of the reported occurrences of subterranean bacterial colonies 


Location 

Findings 

Investigators 

Oil-bearing sedimentary rocks at 600 m depth, 
USA 

Supposed to have evolved from microbes 
buried during sedimentation, 340 m.y ago. 
Findings dismissed as contamination from 
surface 

E. S. Bastin and F. E. Greer 

Sediments beneath the seafloor 

Find of bacterial colonies rejected by 
scientists of the period as possible 
contaminants 

C. E. Zobell (Scripps Institute of 

Oceanography) 

Hard rock at 500 m depth in South Carolina, 
Savannah River Nuclear Facility 

Diverse communities of bacteria and 
archaea detected 

Subsurface Science Program of Dept, of 
Energy, USA. 

Taylorsville Basin, Eastern Virginia, USA 

Microbes found 2.7 km below were 
supposed to have been trapped during 
sedimentation some 230 m.y ago 

Joint studies by T. J, Phelps, T. C. Onstott 
and others with Texas Oil Company 

Sediments beneath the Pacific Ocean floor 

Bacterial colonies found 500 m beneath in 
the ocean sediments, subsisting on trapped 
organic matter 

John Parks (Bristol University, UK) 

Aquifers in granites, south east of Sweden; 
and in the Canadian Shield 

Lithoautotrophic bacteria found in water 
flowing through fractures at 400 m depth. 
The microbes are believed to have gained 
entry via the groundwater sometime after 
the parent magma cooled and solidified 

Karsten Pedersen (University of Goteberg, 
Sweden) and Lollar and colleagues (USA 
and Canada). 

Gold Mine in South Africa 

Thermophilic bacteria found at 3.5 km 
depth within hard rocks 

T. C. Onstott (Princeton University). 

Washington State, USA, Columbia Plateau 

Lithoautotrophic microbes within aquifers 
in basaltic and hardened sedimentary rocks 
found 1.5 km below 

T. 0. Stevens and J. P. McKinley, (Pacific 
Northwestern National Laboratory, 

Washington) 

Undersea volcanic vents of raid-ocean ridges. 

Abundance of bacterial forms of diverse 
types 

Undersea expeditions by teams from USA 
and France. 

Hanford nuclear facility site, Washington 
State, USA 

Diverse subsurface bacterial colonies 

Department of Energy, USA 

Cretaceous shale and sandstone, New Mexico, 
USA 

Bacteria found in sandstone and shale 
formation living on 100 m.y organic 
material. Microbial activity in shales very 
reduced owing to restricted pore size. 
Microorganisms ferment organic matter and 
cany out sulphate reduction and 
acetogenesis 

L. R. Krumhotz and colleagues (University 
of Oklahoma and Pacific and Northwest 
National Laboratory, Washington) 


carbon deposited with the sediments or 
use the dissolved oxygen as a metabolic 
terminal acceptor’. In their studies, on the 
forms they came across in the Columbia 
River basalts, Washington state, energy 
was derived from hydrogen released during 
weathering of the minerals by trapped 
ancient water (believed to be over 30,000 
years old). This is a geochemical reaction 
involving reduction of H 2 O to produce H 2 
by iron in the ferromagnesian silicates'*’^* 
Hydrogen-dependent bacteria deriving it 
geochemically are unique, although micro¬ 
bial generation of is a known process in 
nature. Since the amounts of (along 


with methane, CH^) these authors had 
come across in the basalts far exceeded 
microbial generation (by 1000 times), they 
concluded that it must have been 
geochemically derived. In fact, they even 
reproduced this reaction in the laboratory, 
using chunks of basalts kept sealed in 
water for a year or more. Similar 
geochemically-derived is believed to 
support microbial colonies observed in 
granitic aquifers in Sweden^ and Canada'^. 
Apart from geochemical and microbial 
generation, as alternate sources, from 
nearby volcanic vents or diffusion of 
trapped H 2 from rocks still deeper down. 


including the mantle, have also been sug¬ 
gested, by a few, who doubt that stripping 
water of its H , requires reducing condi¬ 
tions unlikely^to be achieved in such 
subsurface regions. 

Presence of organic compounds within 
the basalts, was another unusual feature 
noticed by Stevens and McKinley in these 
basaltic rocks. These rocks are igneous in 
origin and hence these compounds are 
most unlikely to be original rock constitu¬ 
ents. However, their presence could be 
explained when it was later discovered that 
a particular type of deep dwelling au¬ 
totroph (bacterial forms that synthesize 
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organic compounds, such as proteins, fats 
and other carbon-rich molecules) that use 
for energy and derive carbon from 
inorganic CO^ (acetogens), excrete simple 
organic compounds that other bacteria live 
upon. Another geomicrobiological mecha¬ 
nism observed by Frederickson and 
Onstott, in certain sedimentary rocks, is 
by breakdown (oxidation) of trapped or¬ 
ganic matter nearby, and use of the 
resulting carbon dioxide to derive their 
energy, a chemical reaction enhanced in the 
presence of minerals bearing iron and 
manganese*. 

The several new finds of complex types 
of subsurface bacterial communities thriv¬ 
ing on diverse sources of energy, should 
now prompt researchers to turn their 
attention to different areas of unexplored 
deep horizons, particularly among the 
sedimentary strata, where such life may be 
just waiting to be discovered. While, no 
doubt, the various new finds of subterra¬ 
nean life have, indeed, extended the limits 
of biosphere beyond the relatively thin 
veneer of Earth’s surface, it is difficult to 
assess how many of these forms, ever in a 
state of suspended animation, are actually 
alive. Frederickson and Onstott feel that 
the sluggish metabolism of the entombed 
microbes is what makes it difficult to judge 
this aspect. Some of them could be revived 
in the laboratory, by providing the proper 


conditions and nutrients, but, several oth¬ 
ers could not be reactivated; the failures, 
they say, can be due to (i) inability to 
reproduce the right conditions in the 
laboratory, or (ii) the fact that these 
bacteria may be actually dead, their decom¬ 
position, however, arrested or slowed in 
the sterile subsurface conditions, or (iii) 
these forms could have lost their ability to 
replicate themselves. 

It is no surprise, therefore, that the 
unique modes of life of these deep dwellers 
have stirred up many questions and specu¬ 
lations among scientists. Karsten Pedersen 
of University of Goteberg, Sweden, points 
out that if these bacteria and archaea can 
survive in the Earth’s inhospitable environ¬ 
ment deep below, life on Earth niay, 
perhaps, have had a beginning there, 
instead of on the surface, especially since 
our planet’s surface during its early history 
was marked by repeated bombardment by 
asteroids and meteorites, a scenario ad¬ 
verse to support any life. Also in the 
absence of an absorbing atmosphere, which 
our planet developed much later, lethal UV 
doses from the Sun must have greatly 
affected their survival on the surface. Life 
in the forbidding deep domains also raises 
the possibility of similar buried life in 
some of the other planets and moons 
within the solar system, as well as in some 
of the new ones being reported from other 


star systems. They could be lurking deep 
beneath the surface of Mars, a possibility 
enhanced in the light of recent findings by 
USA’s Pathfinder, about flooding of water 
that this red planet had once witnessed. It 
will not be too much of a speculation, 
therefore, if these waters that may still be 
coursing through Martian subsurface, carry 
microbial life, as happened on Earth, aeons 
ago. 
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Sex allocation in a sequence of oviposition by Lysiphlebia 
mirzai (Hymenoptera: Braconidae) 


Lysiphlebia mirzai Shuja-Uddin is a 
solitary endoparasitoid of cereal aphids 
and has recently been reported as a po¬ 
tential biocontrol agent of millet-aphid 
(Rhopalosiphum maidis (Fitch)), corn 
aphid (Melanaphis sacchari (Zehntner)) 
and grain aphid (Schizaphis graminum 
(Rondani)) on several crops ^ It 
reproduces by arrhenotoky, which is 
characterized by the parthenogenetic 
development of sons from haploid eggs 
and zygogenetic development of 
daughters from diploid eggs. Therefore, 
virgin mothers always produce only 
sons while inseminated mothers may 
produce both sons and daughters. Thus, 
inseminated mothers are able to adjust 
the proportion of haploid and diploid 
eggs at oviposition. Understanding the 
factors that could affect the fertilization 
of the eggs, thus influencing offspring 
sex ratio (p) in aphid parasitoids, be¬ 
comes a pre-requisite in the develop¬ 
ment and testing sex ratio theories and 
models, as well as for their practical 
applications in biological control be¬ 
cause it is the females that killed the 
aphids. The offspring sex ratio of the 
parasitoids not only affects the level of 
their population but also influences the 
stability of the host-parasitoid interac¬ 


tions^. Moreover, efficiency of the 
parasitoid mass-rearing for biocontrol 
may be enhanced by maximizing the 
number of females per unit of host ma¬ 
terial^. 

The pattern of sex allocation in a se¬ 
quence of oviposition differs between 
gregarious and solitary parasitoids. In 
most solitary parasitoids, the sex allo¬ 
cation in a sequence is random'^. How¬ 
ever, since aphids are patchily 
distributed, their parasitoids need less 
searching and handling time for ovi¬ 
position and they may, therefore, be 
considered as quasi-gregarious. Non- 
random sex allocation in a sequence of 
oviposition has been observed in the 
case of an aphid parasitoid Trioxys indi- 
cus Subba Rao and Sharma^. No such 
information exists for the other aphid 
parasitoids. In this paper, observations 
on the sequence of deposition of male 
and female eggs by L. mirzai are pre¬ 
sented. 

Fifteen females and 15 males of the 
same cohort emerged from hosts (M. 
sacchari) that were parasitized in third 
instar stage were allowed to mate sepa¬ 
rately in glass vials. They were fed with 
a mixture of honeydew, honey and dis¬ 
tilled water. Each mated female was 


introduced into a petri dish (15 cm dia 
X 1.5 cm height) having 40 third instar 
aphid nymphs settled on a host plant 
leaf (trimmed leaf, 5x10 cm). The 
locus of each nymph was visually 
marked and copied on a paper. After 
introduction, the female begins to ovi¬ 
posit and the sequence of oviposition 
into marked hosts (locus is marked not 
the host) was observed and recorded. 
When more than 25 hosts were parasi¬ 
tized, the leaf along with the hosts was 
withdrawn. The exposed and marked 
aphid nymphs were reared singly on a 
small trimmed twig of host plant kept in 
glass containers (500 cc) which were 
marked for sequence until the emer¬ 
gence of adult parasitoids whereupon 
they were sexed and recorded. The ex¬ 
periment was carried out at 22°C±2 
and 70-80% RH. 

The first 3-4 eggs deposited by fe¬ 
males are almost always haploid (Figure 
1), implying that newly-mated female L. 
mirzai mq functionally virgin^\ The 5th 
to 11th eggs in a sequence produced 
predominantly female progeny (67- 
100%) while the 12th and 13th eggs 
yield 64-67% male progeny followed by 
again 80-100% female progeny by the 
14th to 17th eggs. The probability of 
male eggs increased again in 18th and 
19th eggs (53-64%). Twentieth to 25th 
eggs yield mostly female offspring (60- 
100%). The mean offspring sex ratio of 
the 5th-llth, 14th-17th and 20th-25th 
eggs in a sequence are female biased 
and differ significantly from p = 0.5 
(equal proportion of sexes. Figure 1). 
The observations demonstrated that the 
oviposition bout where male eggs are 
laid is shorter (only 1-2 eggs in a se¬ 
quence) than where female eggs are laid 
(1-9 eggs in a sequence). The results, 
thus, evince a clear tendency towards a 
non-random sequence of male and fe¬ 
male eggs. Laying of a few male eggs 
early in the bout may ensure the avail¬ 
ability of necessary males in the popu¬ 
lation that can inseminate the female 
progeny to be produced from the re¬ 
maining hosts and extra males added at 
regular intervals according to the in¬ 
semination capacity of the male, in¬ 
creases the fitness of the females^’^ 



Number of eggs in a sequence 

Figure 1. Mean offspring sex ratio of 25 eggs laid in a sequence by 15 female Lysiphlebia 
mirzai into the host aphid Melanaphis sacchari. *Mean values significantly differ (P < 0.05, 
t-test) from the expected sex ratio, p = 0.5. 
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The sequence of sex allocation in 
parasitoids is known to be non-random 
for most of the gregarious and quasi- 
gregarious parasitoids and random for 
solitary ones"^. However, the greater 
probability of fertilization of alternate 
eggs by a solitary parasitoid T. indicus 
demonstrates a non-random sex alloca¬ 
tion in a sequence^. This is the only 
available information for aphid parasi¬ 
toids. Predominance of female progeny 
observed in host-patches of variable size 
collected from field population^’^ sug¬ 
gests that the female allocates only as 
many haploid eggs in the host-patch as 
are sufficient enough for the brood. This 
kind of adaptive sex allocation in aphid 
parasitoids differs significantly with 
random sex allocation as observed in 
solitary parasitoids where mean sex 
ratio is more important"^. 


Since several factors influence the 
fertilization of eggs'^ the sequence of 
deposition of haploid-diploid eggs has 
certain limitations. Therefore, the se¬ 
quence alone is of little adaptive sig¬ 
nificance for the females. 
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Didwana-Rajod meteorite: An unusual chondrite 


A stony meteorite fell on 12 August 
1991 at 10.00 PM at a site near Did- 
wana in Nagaur District, Rajasthan, 
India (Figure 1). It fell in the open field 
of village Soanlias P.O. Rajod, and was 
picked up by Sohan Ram, an under¬ 
graduate student residing in the village. 

The stone is fully crusted and free of 
fractures. It contains typical thumb 
marks of a meteorite (Figure 2). The 
fusion crust is moderately thick. A face 
of the stone was polished to show inter¬ 
nal structures (Figure 3). On megas¬ 
copic examination, the polished surface 
shows poorly-developed banded struc¬ 
ture, dark brown chondrules and a few 
creamy white specs. The polished sur¬ 
face deteriorates rapidly by rusting of 
metallic grains. This is the first report 
on this meteorite fall and this meteorite 
is named the ‘Didwana-Rajod meteor¬ 
ite’. 

Thin sections covering nearly 10 cm^ 
area were studied under the microscope. 
The rock under thin section consists of a 
variety of chondrules set in a fragmental 
matrix predominantly consisting of en- 
statite and metallic phases. The chon¬ 
drules are distinct in shape (sometimes 
ideally spherical) and some of them are 
moderately degraded. Chondrules are 


generally 0.1 to I mm in size, except 
one which is 5 mm in size (Figure 2) 
observed on the broken surface of the 
meteorite. The type of chondrules en¬ 
countered in Didwana-Rajod meteorite 
is described below; 

Very cloudy glassy-looking chon¬ 
drules exhibit one of the best spheroidal 


geometries. Although they look glassy 
and are very uniform under plane polar¬ 
ized light, they show an exocentric 
chondrule-like extinction pattern. These 
chondrules have a metallic phase which 
is sometimes seggregated (Figure 4) and 
at times totally diffused in the body of 
the chondrule. In the cryptic crystalli- 



Figure 1. Location map of fall site. 
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Figure 2. Didwana-Rajod meteorite show¬ 
ing fusion crust. A large dark brown 5 mm 
chondrule is seen in the broken surface (coin 
size 1.9 cm). 


Figure 5. Photomicrograph showing a 
swirling fabric in an enstatitic chondrule. 
Absence of metallic or glassy phase may be 
noted. Fragmented matrix is iron stained, the 
chondrule is unstained. (Nicols crossed, 


Figure 8. Photomicrograph showing an 
enstatitic fan fabric with metallic/glassy 
material bordering the features. (Nicols 
crossed. Field view 1.1 mm). 


Field view 1.1 mm). 


Figure 3. Polished surface photographed 
after 24 h showing rusted metallic grains and 
poorly-developed banded structure (coin size 
1.9 cm). 


Figure 9, Photomicrograph showing a por- 
phyritic chondrule in different states of deg¬ 
radation. A fragment of exocentric chondrule 
in the lower half is seen. At least eight por- 
phyritic chondrules can be identified. 
(Nicols crossed. Field view 2.75 mm). 


Figure 6. Photomicrograph showing an 
exocentric fan fabric with superposed bar 
fabric in a chondrule; iron staining may be 
secondary. (Nicols crossed, Field view 
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Figure 7. Photomicrograph of an enstatite 
barred chondrule. A small perfect spherical 
glassy chondrule by the side of bigger barred 
chondrule. (Nichols crossed. Field view 
1.1 mm). 

the chondrule. These chondrules are 
almost spherical or slightly elliptical in 
shape. These chondrules give brisk ef¬ 
fervescence on acid application. 

Some of the chondrules show a ringed 
bar structure. In one such monosomatic 
barred chondrule, entirely made up of 
orthoenstatite with a very little glassy 
phase in between, the bars are arranged 


zation condition, the metallic phase 
does not separate out. Rims of these 
glassy chondrules always have a dis¬ 
continuous sulphide mineralization. In 
all of these chondrules, a sweeping ex¬ 
tinction is seen which shows that crys¬ 
tallization had taken place in an 
exocentric radiating pattern. This some¬ 
times results into an extinction looking 
like pseudo-isogyres sweeping across 


Figure 10, Photomicrograph of a ringed 
porphyritic chondrule (Plane polarized light, 
Field view 1.1 mm). 

as rings. It has a well-defined boundary 
and troilite crystallization along it 
(Figure 5). This type of chondrule has 
areas of crystallographic continuity 
spreading from the centre to the periph¬ 
ery of the chondrule. These areas of 
crystallographic continuity are arranged 
in a radiating pattern (Figure 5) across 
which the crystallographic orientation 
changes sharply. Radi ally-aligned frac¬ 
tures are also seen. This type of 
trachytic flow arrangement could be 


Figure 4. Photomicrograph showing a 
glassy chondrule devetrified and recrystal¬ 
lized on one side. Note the seggregation of 
metallic phase from silicate in the recrystal¬ 
lized zone (Nicols crossed. Field view 
1.1. mm). 
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Figure 11* Photomicrograph showing a 
Ringed-radial chondrule with the laths of 
enstatite and metallic sulphide in the inter¬ 
stices. A glassy chondrule in upper right part 
is seen, (Nicols crossed. Field view 1.1 mm). 



Figure 12. Photomicrograph of the metallic 
matrix. Elemental iron (white) showing high 
reflectance. Troidlite filling irregular inter¬ 
stices (Plane polarized light, Field view 
1.1 mm). 



Figure 13. Photomicrograph of a large 
chondrule showing tiny troidlite in reflected 
light. (Plane polarized light, Field view 
1.1 mm). 

because of crystallization from swirling 
droplets. 

One of the less common types of 
chondrules (only three were seen in the 
thin section area of 10 cm^), contains 
exocentric as well as barred feathery 
pyroxene (Figure 6). Interstitial area, 
between the parallel bars as well as 
exocentric radiating feathery bars, con¬ 
tains some metallic sulphide and other 
glassy matter (Figure 7). The crystalline 


phase is monosomatic in nature and the 
crystallization is in crystallographic 
continuity of exocentric orientation. 
However, the bars are nearly at right 
angles to the exocentric feathers (Figure 
6) and the crystallographic continuity of 
exocentric feathers with barred areas 
may be fortuitous. The feathered chon¬ 
drules probably owe their origin to in¬ 
stantaneous crystallization of a 
supercooled metastable phase. Super¬ 
position of barred structure is enig¬ 
matic, and may be due to coalescing of 
chondrules. 

Exocentric fan chondrules are quite 
common as fully-developed chondrules as 
well as fragments. They are generally 
monosomatic and contain cloudy glass and 
metallic minerals in the interstices of 
feathery crystalline silicates (Figure 8). 
Colourless enstatite is the general constitu¬ 
ent. Some pyroxenes are slightly dark in 
colour due to a higher iron content. 

Porphyritic chondrules are the most 
numerous of all chondrule types present 
in the meteorite. They occur in various 
stages of degradation (Figure 9). Most 
porphyritic chondrules are monosomatic 
in nature but polysomatic chondrules 
(olivine-pyroxene) are also seen. In one 
of the olivine monosomatic chondrules, 
skeletal olivine crystals enclose 
glass/cryptic phase. In porphyritic 
chondrules the mineral grains are gen¬ 
erally subhedral. Glassy matrix is gen¬ 
erally interstitial and the metallic 
content of the matrix is generally con¬ 
centrated towards borders in degraded 
chondrule. In none of the porphyritic 
chondrules was clear glass seen. It is 
generally cloudy and cryptic crystal¬ 
lized. Some are pure olivine with cloudy 
cryptic phase filling up the interstices. 

Ringed-radial chondrules are the rar¬ 
est among chondrules. Normally they 
have rings of radial enstatite with or 
without metallic grains. Central portion 
is fully crystalline, which is either por¬ 
phyritic in nature (Figure 10) or has 
radiating laths of enstatite (Figure 11). 
The interstices between the silicate 
grains in the core are filled up by the 
metallic minerals (Fe-Ni and troilite). 
The surface generally has troilitic crys¬ 
tallization. These chondrules have the 
greatest iron-staining (which may be 
terrestrial) indicating higher sulphide 
content in the cryptic phase. 

The metallic-sulphide phases under 
polished section consist predominantly 



Figure 14. Photomicrograph showing a 
large olivine grain in fragmental matrix and 
opaque metallic fillings. (Nicols crossed, 
Field view 1.1 mm). 

of low Ni metallic iron (kamacite) and 
troilite. Metallic iron has high reflec¬ 
tance and occurs as filling between the 
silicates (Figure 12). The elongated 
metallic filling has a rough banded ap¬ 
pearance. It rusts rapidly on exposure 
indicating a low Ni content. Troilite 
occurs as irregular fillings between 
grains and on the surface of chondrules. 
Some chondrules show dispersed 
microcrystalline metallic grains (Figure 
13). The volume percentage of metallic 
phase in this polished section is 24% 
(18% metal and 6% sulphide). Sul¬ 
phides of Ni, Cr, Mn were not detected 
at microscopic level. Presence of these 
elements may be in cryptic phase or as 
replacement of Fe in the metallic 
phases. 

Matrix (Figure 14) is devoid of glass 
and consists predominantly of fragments, 
native iron, sulphides and recrystallized 
euhedral grains of orthoenstatite. Matrix 
consists mostly of clinoenstatite which is 
clearly a shock-induced inversion showing 
polysynthetic twinning, and some lamella 
have extinction angle of 30° (in the region 
of diopside). Some of the large enstatite 
grains contain inclusions of isotropic, 
pink coloured, high refractive index 
mineral which may be spinel. In some of 
the grains these inclusions have a ring¬ 
like distribution towards the margins of 
the grain. Olivine is invariably colour¬ 
less whenever it occurs. Orthopyroxene 
does not show even a faint pleochroism 
in the matrix or in chondrules. It must 
entirely be consisting of Mg-rich end 
member, orthoenstatite. Tridymite (only 
one grain was seen) occurs as filling 
between the enstatite grains. Degraded 
chondrules commonly contain clinoen- 
statite whereas undergraded chondrules 
invariably have orthoenstatite. 
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Table 1. Chemical composition of the bulk sample and acid-soluble fraction of Didwana- 
Rajod meteorite (wt %). High Fe extreme of ‘E-chondrite’ from Mason in Dodd^ for 

comparison 

Sample/element 

wt % Si Fe Mg Na K Ni Remark 


DR I 

Bulk sample 

DR II 

10.1 

38.6 

5.98 

Acid solution 

d 

97% 

n.d. 

E-Chondrite 

Mason in Dodd^ 

16.47 

33.15 

10.40 


d, detected; nd, not detected. 
Total acid soluble wt % = 32.6%. 


Modal (volume) composition of the 
Didwana-Rajod meteorite is: pyroxenes 
63%, elemental iron 19%, troidlite 8%, 
olivine 6% and others 4%. 

Chemical analysis using wet method 
was done on two samples taking nearly 
1 g each. The results are summarized in 
Table 1. One of the samples was tested 
for metallic phases by dissolution in 
dilute hydrochloric acid and the com¬ 
position of the solution was determined. 
The other sample was subjected to pyro- 
sulphate-fusion and major elements 
were determined gravimetrically. Alkali 
elements were determined by flame 
photometry. (We do not expect appre¬ 
ciable terrestrial weathering as the me¬ 
teorite was well preserved and is 
fracture-free.) 

Thus, in the Didwana-Rajod meteor¬ 
ite, the following characteristics are 
noteworthy: 

- The stone is not homogeneous, al¬ 
though inhomogeneity is not very 
marked. A few creamy-white specs 
1 mm to 5 mm in size, one chon- 
drule nearly 7 mm in diameter and a 
large variation in chondrule variety, 
represent the inhomogeneity, 

- The total acid soluble fraction is 
32,6% by weight. Even if up to 5% 
is deducted for the preferential 
weathering of metallic fraction 
(considering that the stone is only 5 
years old and well cared in a semi 
arid climatic zone), the metallic 
fraction is nearly equal to 31% by 
weight. The Ni content associated 
with elemental Fe is low and 
Mn, Cr, Ca, Si, Co and Zn have 
yielded positive test in acid-soluble 
phase. 

- Total Fe is more than even the high 
Fe extreme of E chondrite and is 


0.48 

0.34 

2.98 


n.d. 

n.d. 

3.2 

d (Mn, Cr, Ca, 




Co, Zn) 

0.75 

0.09 

1.83 



drite group . The Fe/Si ratio at 3.8 is 
also on the high side but Mg/Si ratio 
at 0.59 compares very well with 
high Fe ‘E chondrites’ and is much 
lower than ‘ordinary chondrites’ or 
‘carbonaceous chondrites’. Higher K 
at 0.34 is enigmatic. 

- Chondrules are generally distinct 
and in abundance putting the mete¬ 
orite in the petrologic type 3/4 of 
Van Schmus and Wood (see ref. 6). 
The glass in chondrules is turbid, 
suggesting it to be of type 4 cate¬ 
gory. 

- The silicate phase is predominantly 
free of iron, or has very low Fe 
content (although precise limits 
should wait microprobe analysis). 

- The predominant silicate phase 
is enstatite; and its shock-derived 
clinoderivative is present in the 
chondrules as well as in the matrix. 

- Olivine is substantial (6% volume) 
and one porphyritic olivine mono- 
somatic chondrule was also seen in 
the thin sections. 

- The matrix is largely fragmental and 
the absence of turbid glass in it 
points to some recrystallization. 

- There is one grain of tridymite 
which shows distinct recrystalliza¬ 
tion in interstices. It coexists with 
olivine. 

- Elemental Fe is filling up the spaces 
between grains in the area showing 
poorly-developed bands in the me¬ 
teorite. 

- Chondrule crystallization is highly 
variable, ranging from cryptic to 
porphyritic with feathery crystalli¬ 
zation occupying the middle part. 

Enstatite chondrite according to 

Mason^ Keil^ and Wasson^ is a group 


of relatively rare meteorites. They were 
thought to be totally devoid of glassy 
chondrules and olivine. However, every 
new fall or find of uncommon meteorite 
adds to the existing range of character¬ 
istics of that group and leads to forma¬ 
tion of subgroups"^’^. Hutchison"^ gives a 
general picture of E-chondrite composi¬ 
tion as: enstatite 65%, kamacite 15%, 
troilite 10% and plagioclase 5%. Out of 
the 20 falls or finds reported, 6, 2, 10 
and 1 meteorites belong to Van Schmus 
and Wood’s^’ petrological types 4, 5, 6 
and 7 respectively, leaving one enstatite 
chondrite unclassified"^. 

Coming to the Didwana-Rajod mete¬ 
orite, it has all the petrologic character¬ 
istics of an enstatite chondrite of type 4 
of Van Schmus and Wood^’ with high 
iron. However, it contains olivine in 
crystalline phase, tridymite coexisting 
with it and shows no recognizable pla- 
gioclases. On the basis of bulk- 
chemistry and petrography, it may be 
put in E-chondrite group type 4. Bhan- 
dari et alJ have reported Parsa meteor¬ 
ite (belonging to E-chondrite type 4) as 
containing a higher olivine content as 
compared to the other meteorites of the 
subgroup. The Didwana-Rajod meteor¬ 
ite, besides this, contains glassy chon¬ 
drules. 
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From square sails to wing sails: The physics 
of sailing craft 


V, Radhakrishnan 

Through the ages 

Most of the surface of our planet is covered with water, 
and over this water blow winds. From eaidiest times 
man has harnessed the power in the wind to transport 
people and goods over the water with far less effort 
than over land. And for centuries, sailing vessels were 
the only way in which distant lands separated by oceans 
were first discovered and later linked. Today, the most 
prevalent form of such transoceanic travel is to leave 
the water far below and to fly high above it. The 
direction and strength of the winds aloft still affect 
passage times as they did long ago, but now only in 
a trivial way. Given the differences in appearance, 
materials of construction, altitudes and speeds of opera¬ 
tion of these two modes of transportation, one ancient 
and the other very modern, one could be forgiven for 
thinking that they could not possibly have much physics 
or technology in common. However, the task I have 
set myself here is to show you that there is in fact an 
intimate scientific link between them. 

Let me start with a type of sailing craft in use four 
thousand years ago in Egypt on the Nile River which 
flows from South to North, while the wind blows from 
North to South. The sail was hoisted, as in Figure 1 
to go South against the current, but was taken down 
when drifting North with the current. Even then, boards 
had to be lowered into the water, transversely, not 
longitudinally, to get a better grip on the current in 
order to overcome the effect of the wind blowing the 
opposite way on the portion of the craft above the 
surface (hull windage). This instantly illustrates that in 
this interesting system of interacting solid, liquid and 
gas, the speed and direction of the solid part are 
determined by the balance of the over and underwater 
forces. 

These forces include underwater drag, the unwanted 
contributors to which are skin friction, form drag, and 
wave-making drag. Even though the first two grow as 
the square of the boat speed, they can be kept in check 
with a smooth and streamlined hull, and it is the third 
which really kills. Water waves are dispersive and 


Based on the text of a public lecture delivered on 17 June 1997 at 
the University of Amsterdam on the occasion of the acceptance of 
the Visiting Professor chair at the Centre for High Energy Astrophysics. 
V. Radhakrishnan is in the Raman Research Institute, Bangalore 560 080, 
India. 


propagate at speeds proportional to the square root of 
their wavelength. This causes the resistance due to wave 
making to increase very rapidly after a certain point 
and effectively to limit the maximum possible speed of 
any displacement hull to that of a wave as long as 
itself. This phenomenon discovered by the English 
engineer William Froude in the last century is depicted 
in Figure 2. This is why the famous Transatlantic ocean 
liners like the two Queens and the United States had 



Figure 1. Ancient Egyptian square rig used on the Nile river as early 
as 2000 B.C. 



Figure 2. Wave-making drag increases catastrophically with speed as 
discovered by William Froude. It effectively limits the speed (measured 
in knots) of displacement hulls to the square root of twice their 
waterline lengths (measured in feet). 
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to be as long as they were to do over forty knots, and 
why any conventional sailboat of ten meters length can 
barely reach seven knots, even with a twenty knot wind 
pushing it. This barrier can be beaten by ‘getting the 
hull out of the water,’ using the dynamic force of the 
water hitting a sloping under-surface or submerged foils 
to violate Archimedes’ principle, or by having two or 
more hulls with a superstructure over them. In the latter 
case, the stability comes from the separation of the 
buoyant volumes, and they can be made more slender 
to slice through the speed barrier. 

The Vikings who built boats like the one in Figure 3 
evidently appreciated the need to have their craft smooth 
and sleek and long to minimize these unwanted kinds 
of underwater resistance. But I suspect they rowed more 
than they sailed, and it was the Chinese first and the 
Arabs next who built and voyaged extensively with 
what I would call proper sailing craft, which are not 
just like leaves blown along by the wind, but for which 
the destination is a matter of choice. Such a craft can 
get from A to B even if the wind is blowing directly 
from B to A. Junks and Dhows (Figure 4) are still 
being built and sailed in China and the Arabian Gulf, 



Figure 3. Viking Longship with square sail from a thousand years 
ago. 



Figure 4. Arabian Dhow and Chinese Junk, among the earliest craft 
that could sail to windward. 


but to appreciate why and how these craft could make 
progress to windward we must first understand how 
sails work. 

The energy to overcome various types of resistance 
comes from the relative motion of the air over the 
water. But to extract that energy to do things of our 
choosing, we need a foot in the water, so to speak. To 
see what I mean, think of a wind generator located on 
a balloon. It can generate power from the wind only 
if the balloon is tethered. If you cut it loose, the whole 
assembly will drift with the current of air; the generator 
will feel no apparent wind, and the rotation will stop. 

Square sailing 

The title of this lecture mentions square sails as the 
starting point, so let us look at a picture (Figure 5) of 
a big ship well equipped with this kind of sail. Most 
of the area is in the rectangular sails, which are hung 
from spars above. Such a sail works like a parachute, 
and a poor one at that, and generates a force in the 
direction of the wind flow called ‘drag’. To go anywhere 
with such a rig you need a wind more or less front 
behind you and moderately strong. It needs to be strong 
because as you pick up speed and move with the wind, 
the apparent wind gets weaker. The force which is 
proportional to the square of this apparent velocity now 
drops, while the drag on the hull, as we saw earlier, 
goes up even faster than the square of the water speed. 
This means that if you want to approach your hull 
speed in moderate winds, you need the enormous area 
of ‘air anchor’ that you see in the picture. This is the 
above-water analogue of the Egyptian transverse board 
and the equivalent of the gigantic spinnakers carried by 
displacement yachts. 

The bad news is that as the wind speed picks up 
beyond some safe value, the pressure cannot be taken 



Figure 5. A three-masted square rigger, among the biggest ships that 
crossed the oceans under sail. 
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off by the ship running faster before the wind because 
it is already close to its limiting speed. So the power 
available for destruction goes up as the cube of the 
apparent wind speed, and we have in reality the proverbial 
confrontation of an irresistible force with an immovable 
object. Reducing the sail area is the only escape, but 
as seen in the next picture (Figure 6), this is a dangerous 
operation in impossible conditions, as witness the average 
loss of one crew member overboard for every rounding 
of Cape Horn. 

A large piece of canvas flapping in a storm is like 
a thing possessed and totally uncontrollable. Two of 
my yachting friends have been flicked overboard like 
flies when trying to subdue a sail in a strong wind, 
and in both cases it was a near miracle that they were 
able to be rescued. Fear of the damage that a sail can 
and will do, and the hurry to reduce its size or to put 
it away altogether are still as much a part of the mental 
makeup of most yachtsmen today as they were of the 
poor souls who manned the square riggers that look so 
pretty in a moderate wind on a smooth sea, or even 
better as a picture on the wall. I have very little patience 



Figure 6. Furling sail in a square rigger, hanging on to the yardarm 
high above the water in a heaving sea. 


with the romanticizing that goes on about these vessels. 
To me their very design made superhuman demands on 
the crew which led inevitably to the brutality that 
characterized the maintenance of discipline on long 
voyages. It is no surprise that they are no longer in 
use for carrying any type of cargo anywhere in the 
world. 

Aero and nautics 

The Chinese junks I mentioned earlier had ingeniously 
designed sails (Figure 7) which could be hoisted or 
collapsed progressively like a Venetian blind from on 
deck by one person. More importantly, the material and 
the shape of the sail were such that they enabled the 
craft to make effective progress into the wind many 
hundreds of years before the western world learned how 
to do it. To understand how, one must now make the 
connection with aeronautics that I promised at the 
beginning. 

The magnitude and direction of the force generated 
by a fluid flowing at a small angle to a lamina was a 
problem that has challenged many great physicists, start- 
ing with Newton. According to a theory attributed to 
him, the prediction was that at small angles, the force 
would be negligible, increasing only as the square of 
the sine of the small angle. Lord Rayleigh, in a 
remarkably perceptive paper written over a century ago, 



Figure 7. A Chinese mainsail, which could be hoisted or lowered 
from on deck by one person. 
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dismissed this conclusion, because . it is known to 
practical men to be very wide of the mark especially 
for small values of the angle/ He goes on to make a 
statement clearly presaging the concept of the force 
called ‘lift’ in aeronautics, a science yet to be born. 
Describing as an example the dipping action adopted 
by Chinese oarsmen to greatly.enhance the force obtained 
by pulling their oars through the water, he stated in 
1876: 

The fact that the resistance to the broadways motion 
of a lamina through still fluid can be increased 
enormously by the superposition of an edgeways 
motion is of great interest. For example, it will be 
found to be of vital importance in the problem of 
artificial flight (emphasis mine). 

Incorporating this idea, he calculated a much higher 
value for the force at small angles, which we know 
today to be even greater, and given correctly by the 
circulation theory of airfoils developed by many great 
minds at the turn of the century and later. It is this 
force which enables a bird to glide down with a vertical 
speed far smaller than achievable with a parachute of 
an area equal to that of its wings. And it is what holds 
planes up in the sky with a force proportional to the 
real area of the wing even though it is moving edgewise 
through the air. 

To return to our present concern, it is such a lift 
force, perpendicular to the flow, that a sail set at a 
small angle to the wind has to produce to enable the 
boat to move to windward. But as seen in the sketch 
(Figure 8), this force will have a component trying to 
push the boat sideways which is far greater than the 
forward component. Thus enters the essential requirement 
on any proper sailing craft for an underwater arrangement 
which makes it hard to move the boat sideways while 
leaving it easy to move forwards. It is to serve this 
function that the Chinese invented leeboards which even 
today are a common sight in the Netherlands on tradi¬ 
tional Dutch boats. The same function is served by 
retractable or fixed fins of various shapes and sizes on 
wind surfers, dinghies, and larger sailing craft. 

The most important aspect of the functioning of these 
fore and aft surfaces in the water is one that Rayleigh, 
and Froude apparently, understood better than most 
yachtsmen do today. To quote again from his paper, 

As a proof that an edgeways motion of an elongated 
body through water is not without influence on the 
force necessary to move it with a given speed broad¬ 
ways, Mr Froude says, ‘Thus when a vessel was 
working to windward, immediately after she had tacked 
and before she had gathered headway, it was plainly 
visible, and it was known to every sailor, that her 
leeway was much more rapid than after she had begun 
to gather headway. The more rapid her headway 
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Figure 8. Force components of the sail thrust when going into the 
wind. The large sideways component must be countered by an underwater 
arrangement. 

became, the slower became the lee-drift, not merely 

relatively slower, but absolutely slower.’ 

The point is that the force preventing the craft from 
sliding sideways is not the drag of the fin moving 
sideways in the water, but the lift produced by its 
forward motion at a slight angle to its plane of symmetry. 
This fin functions as a vertical hydrofoil in the water, 
just as the sail does as a vertical airfoil in the air. It 
is a pity that the longitudinal and transverse forces on 
these foils, both horizontal in this case, 'have to be 
called drag and lift, the price sailors have to pay for 
being slower than the flyers in recognising the operative 
forces on their respective craft. 

Air- and hydrofoils 

Of the many many factors determining the quality of 
an air- or hydrofoil, for present purposes I shall mention 
only three: symmetry, shape (cross section), and aspect 
ratio (length/width). Birds and most airplanes have wings 
whose tops can never be mistaken for their undersides. 
Birds, apparently, do not need to fly upside down, and 
airliners have people walking around in them. But aero¬ 
batic planes must be able to fly upside down as happily 
as right side up, and their wings can be symmetrical 
and still almost as effective. The angle of attack is now 
the inclination of the symmetrically streamlined object 
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to the direction of the fluid flow. For boats it is clear 
that the wind can hit the sail from one side or the 
other, and the underwater fin should be just as effective 
in preventing drift to the right as to the left. Fins fixed 
to the hull or lowered in the centre are invariably 
symmetrical, but leeboards can be made different, as 
there is one for each side. I learned only recently that 
the Dutch boats have such mirror image leeboards, 
which must be more effective than symmetric sections. 
It is clear that a sail, if it is fabric and hence two-di¬ 
mensional, can curve one way Just as well as the other. 
The price one pays for this flexibility, however, is its 
inferior efficiency as compared to a properly shaped 
three-dimensional airfoil, and the tendency as mentioned 
earlier, to flog itself to shreds, or you to death, if left 
up all the time. As for aspect ratio, aeronautics taught 
us that long and thin is better, and that is why the tall 
triangular or so-called Bermudan sails one sees on modern 
yachts replaced the quadrilateral ones on older types. 

The absolute measure of quality of a foil is its finesse, 
which is the dimensionless ratio of the transverse to 
the longitudinal force generated at the optimum angle 
of attack, usually a few degrees. Another name is the 
gliding angle or the lift/drag ratio in aeronautics, shown 
in Figure 9, which also indicates that a curved surface, 
like a sail, is not as good as an honest solid airfoil. If 
you are piloting a single-engine plane, it also tells you 
how many kilometres you have to find a landing spot 
if you are one kilometre up in still air when your engine 
dies on you. For a sailboat there will be one such angle 
associated with the airfoil performance of the above 
surface part of the craft, and another angle quantifying 
the hydrofoil performance of the underwater portion of 
the hull and fin. It is reasonable to presume that these 
two together determine the way the craft will sail. As 
I said before, wing theory was developed in the early 
part of this century, and one of the geniuses in this 


Figure 9. Lift and drag on curved plate (left) and airfoil (right) at 
an angle to the wind of under 4 degrees. Both have the same aspect 
ratio of 6. 


game was an Englishman called Lanchester, who was an 
amateur mathematician and had independently worked out 
the circulation theory of airfoils. It was he who first 
understood and explained induced drag in real wings, 
connecting it with the shedding of vortices from the wing 
tips. He built the first automobile in England and had a 
company which manufactured fast cars. But apart from 
all this, the reason I hold him in the highest esteem is 
for writing down in a few lines, long before anyone else 
understood it, the essential theory of sailing vessels. 

Here are the original words of F. W. Lanchester, 
written in 1907: 

The problem of sailing yacht mechanics resolves itself 
into an aerofoil combination in which the aerofoil 
acting in the air (a sail spread) and that acting under 
water (the keel, fin, or dagger plate) mutually supply 
each other’s reaction. The result of this supposition 
is evidently that the minimum angle at which the 
boat can shape its course relatively to the wind is 
the sum of the under and above water gliding angles. 

Lanchester’s brilliant course theorem is illustrated in 
Figure 10 and makes immediately comprehensible the 
performance of a sailing craft as expressed by one 
number, the angle /?. A plot of this angle for sailing 
vessels through the ages is shown in the following 
Figure 11. The exceptional performance of the ice yachts 
is very simply due to the gliding angle for the runners 
on the ice being effectively zero, and only the sail and 
windage of the yachtsman determining p. Land yachts 
too have a very small P because they are on wheels, 
which also have an extremely high ratio of lateral to 
forward resistance. One such craft is shown in Figure 12. 



Figure 10. Lanchester’s Course Theorem, The closest angle p to the 
wind that a craft can sail is the sum of the under and above water 
gliding angles. 
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Really sailing 

Returning to water craft, it is thus clear that the ideal 
sailing machine will be one which is nothing more than 
one foil up in the air and one down in the water and 
which can skim over the surface. The closest approxi¬ 
mation is, as is well known, the windsurfer or sail 
board, which is the most widespread variety of sailing 
craft today; there are certainly hundreds of thousands, 
and probably millions, all over the world. Ingenious, 
portable, affordable, and thrilHng to sail, they have 
brought within reach of millions a sport once considered 
as only for millionaires. But if, like me, you are not 
young and fit, and don’t like to fall into icy water, it 
can be more fun to sit and watch someone else learning 
to sail a board for the first time. 

Having seen that a boat can sail at any angle to the 
wind that is greater than yS, we can now look a little 
more closely at the apparent wind, which (in a steady 
state condition) is the only operative force governing 
the speed of the boat. We have already seen that it 
will be less than the true wind when the craft is running 
before it. But it can also be greater than the true wind 
on other points of sailing as evident from Figure 13. 
Speed sailing will therefore require maximizing the 
apparent wind to maximize the boat speed. But the 
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Figure 11. The closest angle to the wind, for sailing vessels 
through the ages. Ice and land yachts can sail very close to the 
apparent wind because they have a very high ratio of lateral to forward 
resistance. 


bigger you make the apparent wind, the closer it gets 
to the nose. What is the limit? Clearly it is the 
closest angle to the wind at which the craft can sail. 
There are a number of other surprises that follow from 
this one, that the maximum speed is attained when the 
apparent wind is farthest forward! 

Sailboarders and ice-yachtsmen, among others who do 
not suffer from a hull speed limitation, know all about 
this, and use it to tack downwind. Starting with the 
wind on the beam and gradually bearing away as they 
pick up speed, they can end up close hauled even though 
the true wind is from behind, as shown in Figure 14. 
If the wind is blowing from A to B, they can start 
from A, change tack halfway, and get to B well ahead 
of the piece of wind that started with them. There is 
a very important message here that I would like you 
not to miss. A small sail acting as an airfoil and 
producing lift can get a craft to a downwind destination 
faster than the wind. A spinnaker or other drag device 
can at best approach the wind speed and would then 
need to be absurdly large to drive the hull with the 
near zero apparent wind. Another message is that faster 
craft will generally be sailing with a much larger angle 
between tacks because of the larger difference between 
true and apparent winds. Catamarans and similar craft 



Figure 12. A land yacht on three bicycle wheels. The front two are 
used for steering and the sail is that of a windsurfer. 
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are often mistakenly thought to be poor windward per¬ 
formers by slower boats which make a smaller angle 
between tacks. The angle between tacks can be as small 
as twice /? only for craft whose speed is negligible 
compared to the true wind speed. 

Speed sailing 

If speed sailing is your thing, the angle p also tells 
you how much faster than the wind you can sail and 
the direction in which you must sail to achieve this 
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maximum as shown in Figure 15. Cosec /? is the 
maximum possible ratio of boat speed to wind speed 
and this can be achieved when the true wind is 
degrees abaft the beam. The apparent wind will then 
be just ^ degrees off the bow. The small /? of land 
yachts racing across the dry lakes of California allows 
them to reach 90 knots, and for the same reason ice 
yachts have exceeded 100 knots on glare ice in Wis¬ 
consin. For floating craft, the ideal place for speed 
attempts would be a stretch of water with the wind 
blowing roughly at right angles to. the course and with 
no waves to slow the craft down. 




Figure 14. Illustrating how an ice yacht would tack downwind, starting as in the left of the figure with the wind at right angles to the direction 
of travel. The direction can gradually be changed anticlockwise to the middle configuration and eventually to that in the right of the figure, when 
the apparent wind is as close as it can get. The yacht speed is almost double that of the true wind, which is now almost from behind. 
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Such a place is Weymouth in England where as seen 
in Figure 16, a strip of beach separates the ocean from 
the harbour stopping the waves but allowing the wind 
to blow across. Every year in October when the wind 



Figure 15. Speed sailing. The maximum possible ratio of boat speed 
to wind speed is Cosec^, and this can be achieved by starting with 
the true wind p degrees abaft the beam and building up speed till the 
apparent wind is just P degrees off the bow. 



Figure 16. Weymouth. Portland harbour on the right is separated 
from the English Channel on the left by the strip of beach which 

stops the waves but lets the wind blow across. Speed trials for sailing 

craft are conducted here every year in the autumn when the winds 

are very strong and roughly at right angles to the course. 


is often very strong, people with strange contraptions 
come from all over the world to try and sail as fast 
as possible. This Speedweek, as it is called, is run by 
the Amateur Yacht Research Society, an extraordinary 
organization that has pioneered the support of every 
type of innovation in sailing including the development 
of multihulls over the last forty years against enormous 
prejudices and pressures. I was introduced to the AYRS 



Figure 17. Martin Ryle, in the back on the left, trying out the 
hydrofoil trimaran designed and built by him in the very early sixties. 



Figure 18. AYRS publications, over 120 since 1955, have covered 
almost every topic of interest related to sailing, both theoretical and 
practical. 
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by Martin Ryle, a name well known in astronomy, who 
was also a keen sailor and innovator who built the first 
hydrofoil trimaran in England. Figure 17 reproduced 
from an early issue of the journal shows him with his 
family, trying his craft out. A sample of the range of 
topics on which the Society has brought out publications 
of inestimable value to the' open-minded sailor is seen 
in Figure 18. 



Figure 19. Sailboards dominated the scene at the Speed week in 
Weymouth. Maximum speed recorded was over 50 km/hour in a 
30 km/hour wind. 



I was at the Speedweek in October 1995 and intend 
to go again this year. Just to give you a flavour of 
what it is like, I would like to show you a few scenes 
from two years ago. Sailboards (Figure 19) dominated 
as they have done for a long time now, and the men’s 
winner did over 50 km an hour in a 30 km-an-hour 
wind. Of course they were the only monohulls there, 
if you can call them that. All other craft had either 
two or three hulls of various kinds. Coming to innovations 
now, Figure 20 shows two sailboards with a bridge 
across, the idea being to provide the righting moment 
by this arrangement, and not the weight of the person, 



Figure 21. A planing trimaran with a Polynesian sail of high efficiency. 



Figure 22. A catamaran with a true wingsail. It is an asymmetric 
one, and so has to be flipped over the top to sail on the other tack. 
The white tail at the back functions like an airplane elevator, and is 
set to control the angle to the wind of the main wing. 


Figure 20. A double sailboard for greater stability. 
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as in the previous picture. The next one (Figure 21) is 
a trimaran with a sail of Polynesian origin. The boards 
are meant to plane, and the fins sticking out under them 
to provide the sideways resistance, as I have discussed 
at length. The last craft shown (Figure 22) has a real 
three dimensional asymmetric wing with an arrangement 
for the top of the wing to become the bottom when 
sailing on the other tack. I have talked about airfoils 
all through, but this is the first craft I have shown you 
a picture of with a real one. The tiny white tail in the 
back functions exactly like the elevator of an airplane, 
which can be set at different angles and which then 
automatically keeps the main wing at the desired angle 
to the apparent wind. This is the principle on which 
most or all wingsail boats work, as we shall soon see. 

I mentioned that the sailboards were the fastest craft 
at the 1995 Speed week and had been the fastest in the 
world for some twenty years or so. But in the last few 
years sailing craft are coming back, and some years 
ago a wingsail trimaran hydrofoil called Yellow Pages 
Endeavour did 46.52 knots in 18 to 20 knots of wind. 
Staggering as is the achievement of such speed, you 
might feel that such highly experimental one-off designs 
may need real wing sections, but yachts built for sale 
could not possibly work with such devices, and con¬ 
ventional sails will surely continue for a long time to 
be the only practical and, more importantly, safe ones, 
whether for harbour sailing or ocean cruising. If you 
do feel this way, then, in my opinion, you could not 
be more wrong, and I shall try now to persuade you 
of that. 

Plane sailing 

One of the distinguished members of the Amateur Yacht 
Research Society and one of the most dedicated pioneers 
of the wing sail concept is John Walker, who built a 
boat over twenty five years ago with four wings, as 
you see in the picture (Figure 23) taken from an AYRS 
publication of that time. Some twenty years and a lot 
of research later, he built a better one with two wings 
in a biplane sort of rig which you see to the left in 
the next picture (Figure 24). This boat was sailed across 
the Atlantic and back and went safely through a severe 
hurricane in the process. Downwind of the main bearing, 
and just barely visible behind the portside wingsail, is 
the tail whose angle to the two main wings is adjusted 
by computer; the wind does the rest. 

On the right is seen his latest and most beautiful 
creation which has now evolved, as airplanes did, to a 
monoplane configuration. The smaller wing downstream 
is again the tail whose angle is set to match the wind 
direction to the course desired, again by a computer 
powered by solar cells which get their energy from the 
sun, as does the wind itself. They can be seen in front 


of the wingsail in the view from above (Figure 25). 
The symmetry problem has been solved by a movable 
flap at the leading edge, similar to those you see coming 
out just before landing on airliner wings. In this case 
the flap can be moved either to the one or the other 
side and provides an enormous increase in thrust. Figure 
26 shows the flap in operation, and all the pictures 
reproduced here are courtesy of Dick Ogilvie, and John 
Walker, who kindly made them available to me for this 
lecture. 

The whole airplane part is completely free to rotate 
on a bearing seen clearly in the same figure, and the 
little motor for setting the angle of the tail is also 
supplied with power from the same solar cells. Of course 
there is a back-up, and even a manual control if it 
should ever be needed. Everything is controlled by a 
processor, and there is a lever for forward and backward 
movement seen to the left of the wheel in the picture 
(Figure 27) of the cockpit, which now looks like that 
of an airplane. It goes without saying that like any 
respectable multihull, she also sails upright, and not on 
her side when going into the wind. The monoplane 
version is now in full series production in Plymouth in 
the UK. 

One of the important implications of using airplane 
type wings on boats is that it makes no more sense to 
take them down after use than demounting the wings 
from an airplane after you have landed. If free to rotate 
and align itself with the wind, a. wingsail presents less 
windage than a bare mast and rigging on any boat, and 
doesn’t rattle when it blows. And wings are happy in 
the wind, as the speeds at which even light airplanes 
cruise are way beyond the Beaufort scale for storms 
and hurricanes. 



Figure 23. John Walker’s first wingsail trimaran built over a quarter 
century ago had four main wings. The tail controlling their angle to 
the wind can be seen behind them. 
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Messing about 

As already mentioned several times, yachting is the 
exercise of extracting energy from the wind and using 


it to push accommodation from one place to another 
over the water. In the case of land vehicles like cars 
or bicycles, the power available is limited by the engine 
or the strength of a person, and the varying load, due 
to inclination of the road (or wind), is matched to the 



Figure 26. The bearing on which the whole airplane part is completely 
free to rotate. The flap on the wingsail is in the operating position. 


Figure 27. Zefyr’s cockpit looks like that of an airplane, not without 


Figure 24. Blue Nova to the left was the first wing powered boat 
to cross the Atlantic and back, and went safely through a severe 
hurricane in the process. To the right is Zejyr, the latest monoplane 
version of the Walker Wingsail. The tail is clearly seen on this boat 
but is partly hidden from view in the other. 


reason. On the left is the thrust lever for forward, neutral and backward, 


Figure 25. Solar panels can be seen in front of the wing sail in this exactly as in a powerboat. A remote control lever which can be 

view from above Zefyr. They supply power for the computer and the operated from anywhere on deck also has sideways movement for 

little motor for setting the angle of the tail. docking. 
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available power by the use of a geartrain. This keeps 
the source of power running at a speed where it is 
happy and adjusts the speed of the vehicle to absorb 
the available power. In the case of sailboats, the available 
power is proportional to the area intercepting the wind 
and the third power of the apparent wind speed. By 
anybody’s reckoning, the range of wind speeds encoun¬ 
tered at sea is over a factor of ten, so even if we 
restrict it to this number, the power available for good 
or evil ranges over a staggering factor of a thousand. 
If we now try to deal with this range, made worse on 
a craft suffering from the disease of hull speed limitation, 
then as already indicated, the effective sail area must 
be varied by a factor which can be very large. This 
usually means replacing sails of one size with others 
larger or smaller. 

To be in the right frame of mind to discuss boats, I 
spent a day sailing on one of the inland seas. I think 
it is fantastic to be on the water and to be pushed 
along by the wind, and I feel a deep kinship with others 
who share this feeling. So I hope I don’t offend some 
of them if I express my view that the business of taking 
down one sail and putting up another can be compared 
only with stopping and changing the size of the wheels 
on your car or bike every time you come to the bottom 
of a hill, and doing the reverse on reaching the top. 
Reefing the mainsail when the wind freshens suddenly 
is a pathetic operation on most yachts, and only roller 
reefing of the jib is quick enough to excuse comparison 
with manual shifting of gears in a car or a bicycle. 

The masts for holding up^ the sails, the shrouds and 
spreaders for holding up the mast, the hundreds of 
meters of rope and wire to pull up the sails, tilt them 
at the right angle to the wind or bring them down, the 
pulleys and cleats and turnbuckles and travellers and 
poles and everything else above deck are all for adjusting 
two and only two miserable parameters, the area and 
angle of the sail spread. And the sails are usually 
mounted with their pivoting points as far as possible 
from the centre of effort, so you need expensive winches 
and footballer’s muscles to adjust them. Add to this the 
hundreds of words in the nautical vocabulary you need 
to know and the dozens of knots you need to tie and 
the result is a fantastic degree of mental obtuseness 
which we put up with just to get out on the water and 
be pushed along by the wind. 

You can well imagine how disconcerting it must have 
been for the establishment with its vested interests to 
suddenly find that someone is selling an ocean-going 
sailing machine which has no use for words like hoisting, 
reefing, or furling, not a single line on deck over which 
you can trip, and is equipped with a driving element 
that uses the force of the wind to adjust itself and 
pushes the craft at twice the usual speed for its length, 
keeping it level so your drink will not spill, and available 
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or to be dispensed with as instantly as its engine. It is 
not surprising that the influential British magazine Yacht¬ 
ing World attacked the claimed performance of this 
revolutionary trimaran with such malice and hostility 
that in an unusual victory of right over might, and after 
an extended libel trial. Walker Wingsail was awarded 
close to a million and a half pounds of damages by 
Britain’s High Court. 

Traditional sailboats are as picturesque as old Dutch 
windmills, but if you are serious about using wind 
power safely and efficiently over the water, the same 
switch must be made as in the case of the modern 
wind generators that are now found all over the world. 
Mr Mole in the children’s classic Wind in the Willows 
said that there is nothing, absolutely nothing like messing 
about in boats. I could not agree more, but do feel that 
the design of most of them provide more than abundant 
scope for messing about. 

Stability, safety and innovation 

By now it should be clear that when going to windward, 
there will be an enormous sideways force generated by 
the airfoil as shown in the sketch of Figure 8. We have 
already seen, how sideways drift due to this force is 
countered by the action of a hydrofoil below, but their 
vertical separation leaves a very strong moment tending 
to heel the craft over to leeward. Ways of countering 
this force start with hanging over the side as shown in 
Figure 28, considered by many to be both fun, as well 
as an essential and natural aspect of sailing. For bigger 
boats, the traditional solution in the West was to attach 
an enormous weight to the bottom of your fin, which 
doubled as a tombstone should the craft be holed and 
fill with water. The likelihood of this happening was 
also increased a little due to the greater draft of the 
vessel with this attachment. Apart from the safety aspect, 



Figure 28. Countering the heeling moment when going to windward 
with agile human balast. Weekend sailors tend to consider the discomfort 
associated with this angle of heel a thrilling bonus not to be missed. 
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the performance would now be definitely limited by the 
length of the craft as described earlier, and exceeding 
the hull speed would be like trying to run with a ball 
and chain attached to your ankle. 



Figure 29. The KITES KI .sy.stein. The diagram below show.? the 
operational forces at a .speed of 50 knots (90 km/h).' 


But worst of all is that unlike human (or other 
movable) ballast which can provide a (counter) heeling 
moment even when the craft is level, the effect of a 
weight fixed at the bottom comes in only as the sine 
of the heeling angle. This guarantees an unnatural and 
highly uncomfortable attitude of the craft when going 
into the wind, which can be for days or weeks on end 
in an ocean voyage. On the other hand, the Polynesian 
and Melanesian craft, both big and small, which used 
outriggers or double hulls for stability stayed effectively 
level, and were unsinkable. Voyages over great distances 
have been made for centuries with such craft, which 
are the forerunners of the modern multihulls, now gradu¬ 
ally and grudgingly being recognised as superior craft 
in many ways. 

An even better way of opposing the heeling moment 
due to the sail would be to generate such a force with 
a hydrofoil suitably inclined and displaced from the 
longitudinal axis of rotation of the craft. Such a balance 
can be achieved even at zero angle of heel, and can 
be made to track changes in wind speed which affect 
both boat speed and heeling moment. Multihulled 
hydrofoil sailing craft are usually designed this way, 
which enables them to safely achieve their fantastic 
speeds on an even keel\ 

A point I made at the beginning was that there should 
be a wind so that power can be extracted from the 
relative motion between air and water. A wind is all 
that is mandatory, and the form of the sail or the craft, 
in other words of the over and underwater portions of 
the device, are totally flexible. A number of extraordinary 
experiments in futuristic sailing craft have been carried 
out, mostly by AYRS members, and to end with. I’ll 
say a few words about some of them. 

In general, as discussed above, the heeling tendency 
results from the attachment of the sail to the mast, 
which is rigidly fixed to the boat. This condition can 
be relaxed and the sail could be something like a 
parasail, (a large kite), attached only by lines to the 
craft at a point not fai' above the waterline. There is 
now no mast being pulled to the side and forcing the 
heel. One such form of sailing involves a per.son on 
waterskis holding on to an enormous kite whose position 
with respect to himself he controls with lines. Such an 
arrangement is called a kiteski and has a speed in excess 
of forty knots in a reasonably strong wind. Figure 29 
shows the various forces in operation with such a device 
at a speed of fifty knots! 

The link with the water need not even be something 
on the surface like skis or boats, but could well be a 
submarine which would suffer no more from wave-drag 
limitation than dolphins or sharks. The sailor or pilot 
could be in the submarine. An even more interesting 
option has the pilot, as we must call him now, in the 
air hanging from a kite, or in a balloon or similar 
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object, but with an anchor-like device dragging in the 
water at the end of a line. An old and much respected 
AYRS member from France, Didier Costes, has several 
patents on such devices which he calls ‘Chien-de-mer,’ 
or Sea Dog, An airplane pilot who has to parachute 
out of his plane over water could drop such a device 
on a line before he reaches the surface and remain in 
the air, using the wind force on his chute to hold him 


off the water. What is more, as said above, such an 
aquaviator could control both the device above him and 
the one below to ‘sail’ in some desired direction to 
safety. 

Every issue of the AYRS journal has any number of 
such innovations all in the same early stage now that 
multihulls, hydrofoils and wingsails were a few decades 
ago, and there is no saying what the future will bring. 


Glossary of nautical terms 

Abaft the beam 

To the rear of the normal to the boat’s axis 

Angle of attack 

Angle of foil to the direction of fluid flow 

Bearing away 

Turning away from the direction of the wind 

Close hauled 

Sailing at small angle to direction of wind 

Displacement 

Displacing its weight of water 

Downwind 

Going with the wind 

Direction of the wind 

The direction from which the wind blows 

Draft 

Depth of water needed to float a vessel 

Form drag 

Resistance to motion in fluid due to its shape 

Furling 

Rolling up and binding (a sail) 

Heel 

Lean over due to pressure of wind 

Hoisting 

Raising of sail to operating position 

Induced drag 

Resistance implied by the generation of lift 

Jib 

Triangular sail in front part of ship 

Knot 

One nautical mile (1.8 km) per hour 

Leeboard 

Lowerable plank attached to side of ship 

Lee way-lee drift 

Sideways drift away from the wind 

Leeward 

Away from the direction of the wind 

Lift 

Force on foil perpendicular to fluid flow 

Mainsail 

Big sail mounted on mast of ship 

Multihull 

Craft with two or more hulls 

Off the bow 

Angle to the front end of boat’s axis 

Reefing 

Reducing area of sail 

Runners 

Long blades on which an ice yacht slides 

Spinnaker 

Very large sail hoisted in front to go downwind 

Tack 

To sail at small angle to the direction of the wind 

Trimaran 

Three-hulled craft 

Windage 

Area exposed to pressure of wind 

Windward 

Towards the direction of the wind 
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On the costs of zoological reference collections 
in the Indian context 

P. T. Cherian 

There is paucity of information today on the cost of collecting and maintaining biological refer¬ 
ence collections which constitute the material basis for biodiversity assessments. The cost of col¬ 
lecting and accessioning zoological specimens by the Zoological Survey of India, based on 3 case 
studies, one each in 1973, 1983 and 1996, is quantified, The reference collections bring the 
flavour of nature into the inner city and lead to a greater understanding of biodiversity which will 
be in some direct proportion to the investment in its documentation. 


Biodiversity which is the degree of variety in nature, 
has been described as the world’s most fundamental 
capital stock. Biological reference collections constitute 
the material basis for biodiversity assessments. They 
serve as proof or supporting evidence for the identity of 
a particular organism and for the existence of that entity 
at a certain location at a particular point in time. The 
advent of computerized information handling and ma¬ 
nipulation together with molecular technology means 
that such reference collections will become strongly 
supplemented with extensive and permanent recorded 
observations, images and genetic data. According to 
Duckworth et alf there are some 2.5 billion specimens 
in preserved biological reference collections world¬ 
wide. Systematic Agenda 2000 (ref. 2) estimated that the 
cost of the current annual global level of research and 
infrastructural support for systematic biology, including 
support for collection and preservation, is about US 
$500 million. A consequence of the broad range of pre¬ 
served non-living materials which comprise museum 
reference collections calls for drawing of thoughtful 
policies for resourcing the collection and long-term 
maintenance of the materials. 

Costs of biological reference collections 

The costs for the collection and care of biological refer¬ 
ence collections vary greatly from place to place and 
also for the different collections made. There have been 
only a few attempts to quantify the costs of collection of 
biological specimens from the world over. Even when 
such estimates have been made, they were based on a 
few studies carried out in USA, UK and Australia and 
that too only of the floral components. Thus in a report 
on the systematic botany resources in the United 
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States^ it was estimated that the cost of a well prepared, 
identified, accessioned and inserted herbarium 
specimen ranged from US $6.45 to 7.68. These figures, 
valid about 18 years ago, did not include the often con¬ 
siderable costs of collecting the specimens in the first 
place. Besides, estimates vary depending on the purpose 
of the collections and the type of specimens. Thus 
collection costs varied from US $18 per plant specimen 
in an ethnobotanical study"^ to US $26 per plant 
accession for a collection trip in South America^. While 
in Australia the mean cost for collection and curation of 
a botanical specimen worked out to A $52.5 in 1994 
(ref. 6), in UK Howie^ estimated the cost at £20 per mu¬ 
seum specimen treated, conserved and stored, including 
staff and material cost. 

Cost of collection of zoological specimens by the 
ZSI 

Because of the paucity of data on the costs of collection 
of faunal resources from the world over and the 
nonavailability of any such data from the Indian context 
on the biological specimens, an attempt has been made 
to quantify the cost of collection of zoological speci¬ 
mens based on three extensive surveys carried out by the 
Zoological Survey of India through the years. These 
surveys were selected at random and were led by the 
author. The surveys carried out by the ZSI have been 
chosen simply because the author is most familiar with 
them and because the ZSI, one of the oldest and pioneer 
institutions of its kind in the world, has been carrying 
out extensive faunistic surveys through more than 8 dec¬ 
ades of its existence. The cost-efficient estimates were 
made taking into account the following major compo¬ 
nents. 

a) Salary component of the participants for the survey 
period. 


CURRENT SCIENCE, VOL. 73, NO. 6, 25 SEPTEMBER 1997 


517 



GENERAL ARTICLES 


b) Cost of travel and daily allowances. 

c) Contingent expenses incurred during the survey. 

d) Cost of hiring vehicles/boats, etc. when office ve¬ 
hicles were not used. 

e) Approximate normal costs of subsidized govern¬ 
ment accommodation used by the survey parties. 

f) Costs of preservatives, chemicals, etc. used for col¬ 
lection/preservation of specimens in the field. 

g) Relative costs of equipments, etc, used during the 
surveys. 

h) Relative cost of hiring vehicles when office vehicle 
is used for the survey. 

i) Cost of engaging fishermen, field guides, etc. for 
helping with the collections. 

j) Component of pension and related benefits based on 
an average life-span of 70 years and service, period 
of 30 years. 

The average cost of a zoological specimen collected 
from the field and brought to the ZSFs Head Office, 
Calcutta from Gujarat State in November, 1973 worked 
out to Rs 1.37 while for one accession through a collec¬ 
tion trip in Kerala in 1983 it was Rs 5.80. On the basis 
of a recent estimate made in November, 1996 it worked 
out to Rs 12.50 for a specimen collected and brought to 
SRS, ZSI, Madras from Anamalai Hills in Tamil Nadu 
State. 

These calculations were based on specimens of the 
groups ranging from protozoans to mammals and did not 
take into account the plankton samples involving a few 
thousands of specimens collected during each survey 
tour. Besides, value of the ecological observations and 
population estimates of 90 to 180 species of birds, 30 to 
68 species of mammals and some species of snakes ob¬ 
served during each survey, which could not be quanti¬ 
fied, did not form elements in the estimation. 

Fossils, birds and mammals, especially larger ones, 
may cost one or two orders of magnitude more than 
other types of material. However, when spread over the 
useful ‘life’ of specimens, which extends forward in¬ 
definitely, this initial cost is not high compared with 
annual maintenance costs®. 

Conclusions 

The natural history museums where the collections are 
mostly housed, bring the flavour of nature into the inner 


city where people otherwise have felt themselves to be 
too isolated from the plants and animals of natural eco¬ 
systems^. All great museums combine public pro¬ 
grammes with research and collections because the 
exhibits and educational activities for the visitors are 
given strength, vigour and currency of content through 
the synergistic interactions of the museum’s public pro¬ 
gramme’s staff with the scientists and their collections 
behind the scenes. 

The economic cost-benefits of investments in biologi¬ 
cal reference collections are difficult to quantify but the 
ability of the world to reap the benefits of a greater un¬ 
derstanding of biodiversity will be in some direct pro¬ 
portion to the investment in its . documentation and 
study^^. The costs of establishing, maintaining and in¬ 
creasing accessibility to specimens and data held in ref¬ 
erence collections will be an integral component of 
proposals to realize the full potential of Earth’s biodi¬ 
versity resources, although there is still debate as to 
whether support for the service roles of collections 
could be to the detriment of the vitality of systematics as 
a scientific discipline. 
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On Paley-Wiener properties of the Heisenberg 
group 


S. Thangavelu 

Indian Statistical Institute, Bangalore 560 059, India 

1. Introduction 

Given a function / on R, consider its Fourier transform 
defined by 

oo 

/(§) = j Kx)&-''‘^dx. 

The classical Paley-Wiener theorem characterizes com¬ 
pactly-supported functions in terms of their Fourier 
transforms. 

Theorem l.L The function f is compactly supported if 
and only if its Fourier transform f originally defined 
on R extends to C as an entire function of exponential 
type. 

An immediate consequence of this theorem is the fol¬ 
lowing uncertainty principle. If / is compactly sup¬ 
ported, then / cannot have compact support unless 
/= 0. Let us call this a Paley-Wiener property of the 
Fourier transform on the real line. More refined versions 
of this property are known. A result of M. Benedicks^ 
says that if the sets A = {x:f(x) ^ 0} and 
both have finite Lebesgue measure, 
then/= 0. These results involve the size of the supports 
of/and /. There are also versions of the Paley-Wiener 

property that involve decay of the function at infinity. 
For example, if / is compactly supported, then its 
Fourier transform cannot have any decay of the form 
l/(^)l < unless/= 0. For, then/can be extended 

as a holomorphic function on the strip containing the 
real line. A much more refined version of this property 
is the theorem of Hardy. 

Theorem 1.2. Suppose we . have l/(x)l ^ Ce and 
1 / (f)l < Thenf- 0 whenever ab> j . 

A search for similar Paley-Wiener properties of the 
Fourier transform on general locally compact unimodu- 
lar groups has been going on for sometime. Scott and 
Sitaram^ proved among other things, a Paley-Wiener 
property for the Fourier transform on the Heisenberg 
group. They conjectured that an analogue of Benedicks’ 
theorem holds for all connected, simply connected nil- 


potent Lie groups. That is, if/is a compactly-supported 
function on such a group G, then its Fourier transform 
jr(/) cannot vanish on a set of positive Plancherel 
measure unless/=0. Moss^ and Park"^ proved this con¬ 
jecture for certain special classes of nilpotent Lie groups 
and recently several proofs of the conjecture were ob¬ 
tained by Lipsman and Rosenberg^, Arnal and Ludwig^ 
and Garimella^. 

The problem of proving exact analogues of the Paley- 
Wiener theorem for the group Fourier transform has 
been taken up by several authors. In the case of the 
Heisenberg group, such theorems have been proved by 
Kumahara^ Ando^ and Thangavelu^^ and for step two nil- 
potent groups Thangavelu has proved^a Paley-Wiener theo¬ 
rem for the modified Fourier transform (see ref. 11). It 
will be interesting to prove such Paley-Wiener theorems 
for general nilpotent Lie groups and also to find their rela¬ 
tion to the Paley-Wiener properties. 

In the conjecture of Scott and Sitaram, it is assumed 
that the group Fourier transform 7t(f) vanishes on a set 
of positive Plancherel measure. For nilpotent Lie groups 
the group Fourier transform is operator valued. Thus the 
requirement that jr(/) = 0 imposes very strong restric¬ 
tions on the function. To see how strong this condition 
is, let us take the case of the Heisenberg group In 
this case the Fourier transform is parametrized by non¬ 
zero reals X and for each X the operator Jtx(f) acts on 
L^{R''). The condition JC^if) = 0 translates into/^(z) = 0 
for all z e C, where /^ is the inverse Fourier transform 
of/in the central variable. Undoubtedly this is a very 
strong assumption to make. 

It is therefore desirable to replace the assumption 
7 r(/) = 0 by a weaker one. To certain extent this prob¬ 
lem on the Heisenberg group has been treated by Sita¬ 
ram et al}'^. Our aim in this article is to elaborate on this 
and prove an analogue of Hardy’s theorem for the Heis¬ 
enberg group. 

2, Paley-Wiener properties of Hilbert-Schmidt 
operators 

As we have already noted, the Fourier transform on nil- 
potent Lie groups is operator-valued. If is an irre¬ 
ducible unitary representation of a nilpotent Lie group G 
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and if/is a square integrable function on G, then 7t(f ) 
will be a Hilbert-Schmidt operator acting on a suitable 
Hilbert space. So, we need to study Paley-Wiener theo¬ 
rems and Paley-Wiener properties of such operators in 
order to study the same for the group Fourier transform. 
In this section we formulate analogues of the Paley- 
Wiener theorem and Hardy’s theorem for operators. For 
the sake of simplicity we consider operators acting on 
L\R). 

Let 7 be a Hilbert-Schmidt operator acting on L^(R). 
We define the Fourier transform of T in the following 
way. Consider the projective representation jt(z) of C 
acting on L^(R) given by 

where tp g L^(7?) and z = x + iy. Using this we define 

where ^ g and call this Fourier transform of 

the operator T, Now we use the fact that every Hilbert- 
Schmidt operator T on L^(R) is the Weyl transform of a 
function /g L^(C), That is to say, there is/G L^(C) such 
that 7= W(/), where W(f) is the Weyl transform of/ 
given by 

W(f) = lcf(zMz)dz. 

If / and 7 are related as above, we call f (^) the 
Fourier-Weyl transform of the function/on C. For this 
transform we have the following analogue of the Paley- 
Wiener theorem. 

Theorem 2.1. Let f e L\C) and let T= Wif). Then f is 
supported in \z\ ^ B if and only if its Fourier-Weyl 
transform f (^) extends to & as an entire function sat¬ 
isfying the estimate Ilf OH < where II.II is the 

Hilbert-Schmidt operator norm. 

When the function/on R is supported in 1x1 < B, it fol¬ 
lows from the definition of the Fourier transform that 
the derivatives of / satisfy the estimates ID^/OI 

< CkB^ and this is equivalent to saying that / extends 
to an entire function of exponential type. Similarly, in 
the above theorem we can state the conditions in .terms 
of certain derivations of the operator 7. In order to de¬ 
fine these derivations, we use the annihilation and crea¬ 
tion operators of quantum mechanics; A = (d/dx)+ x and 
= -(d/dx)+ X. We define d7 and d 7 by (57= 7A - A7 
and <3 7 = A*7 - 7A*. In terms of these derivations the 
above theorem takes the following form. 

Theorem 2.2, Let f and 7 be as in the previous theorem. 
Then f is supported in Izi < B if and only if 
Wd'd’^TW < for all j and k. 
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The above derivations 6T and 6 7 take particularly 
simple form when the operator 7 is diagonal in the 
Hermite basis. Let 

(AA* + A*A) = -A + Ixf- 

be the Hermite operator and consider its spectral de¬ 
composition + . When the operator 7 is 

k=0 

of the form 

T=<p(H)=Y<pi2k+m, 

k^O 

then it can be verified that 

(5^'5‘r = 2 Cjk,.(A*)^^'-jA''(A''.Ai<p)(H), 

where the sum is extended over all non-negative integers 
r such that 0<r<j<k-vr. Here A_ and A+ are the 
backward and forward finite difference operators. Thus 
the conditions on the derivatives of 7 translate into 
conditions on the derivatives of the function (p. Note 
that in this particular case the sequence (p(2k + 1) gives 
the singular numbers of the operator 7. 

We now look for a condition on the operator 7 that is 
analogous to 1/ (^)l < Ce"^'^'l In the case of operators of 
the form 7 = (p{H), the natural condition is that 
\p(2k + 1)1 < In the general case we state the 

condition in terms of the operator e^^ which is bounded 
when t < 0 but unbounded when r > 0. This is a densely- 
defined operator and the operator analogue of the con- 
dition I /(^)l < is that Tc’’" is Hilbert-Schmidt. 

Note that when 7 = (p(H) this condition translates into 
the exponential decay of (p{2k 1). We now have the 
following Paley-Wiener property of the Weyl transform. 

Theorem 2.3. Let f e L^(C) be compactly supported. If 
for some b > 0 the operator W{f)e^^^ is Hilbert-Schmidt 
thenf^ 0. 

The proof of the above theorem uses some properties of 
special Hermite expansions and an elliptic regularity 
theorem of Kotake and Narasimhan. The condition on 
the operator 7 does not directly imply exponential decay 
of its singular numbers. However, it does imply expo¬ 
nential decay of the singular numbers of certain Fourier 
coefficients of the operator 7. We now briefly recall 
how the Fourier coefficients of an operator are defined. 
In defining the Fourier transform of an operator, we 
have made use of the Schrodinger representation of the 
Heisenberg group. To define the Fourier coefficients we 
make use of the so-called metaplectic representation. 

For each real 6 there exists a unitary operator fi(6) 
acting on the Hilbert space L^{R) such that 
= /^(0)jr(z)/.t(0)*. Using this we can define the 
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operator valued function 7(6) =^(0)7/^(0)*. Then, the 
Fourier coefficients 7,„ of the operator 7 are defined by 

Tm = J W)er'”'^d6. 

0 

With this definition we can show that the condition 
Il7e^^^li < oo translates into exponential decay of the sin¬ 
gular numbers of the Fourier coefficients 7,„. In terms of 
the Fourier coefficients and the Fourier transform we 
have the following Paley-Wiener property. 


3. Paley-Wiener properties of the Heisenberg 
group 

In this section we use the results of the previous section 
to formulate some Paley-Wiener properties of the Heis¬ 
enberg group W. For the sake of simplicity we assume 
n = 1 but whatever we say for this case has analogues 
for the higher dimensional case as well. First we recall 
the relevant facts from the representations of the Heis¬ 
enberg group. This group, which we denote by G is just 
C'xR equipped with the group law 


Theorem 2.4. Let T be a Hilbert-Schmidt operator on 
L^(R). If for every integer m the singular numbers ofT^ 
are exponentially decaying and the Fourier transform 
extends to entire functions of exponential type, then 

If 7= W(/) and 7^ = W (/J then/andare related by 

lit 

in 

0 

The condition on the singular numbers of T^n implies that 
are real analytic whereas the conditions on tm show 
that/„ ^re compactly supported. Hence/„ = 0 for all m, 
thus proving the theorem. We can now assume expo¬ 
nential decay of / and prove an analogue of Hardy’s 
theorem for the Weyl transform. 

Theorem 2.5. Let f be a function on C which verifies 
l/(^)l < and let W(f)e^’^ be bounded for some a 

and b positive. Thenf= 0 whenever a (tanh (b/2)) > j . 


(z, t)(w,s) = (z + w, / + 


There are two kinds of representations of G: one di¬ 
mensional and infinite dimensional. In the definition of 
the group Fourier transform, only the latter is involved. 
These unitary representations are parametrized by non¬ 
zero reals and all of them are realized on the same Hil¬ 
bert space, namely L^(R). Thus, for each non-zero A e R 
and (z, t) e G we have the unitary operator nx(z, t) 
whose action on L^(R) is given by 

+ y). 

where tp e l}{R). For a nice introduction to the repre¬ 
sentation theory of the Heisenberg group we refer to ref. 
14. 

Given a function /on G the group Fourier transform 
of/is defined by 

/a) = J/(z,f)^AfeOclzdf. 

G 


This theorem is proved by appealing to the Hardy’s 
theorem for the Fourier transform on 7. If 7= W(/) and 
Tm = ^(/m) then we have \fm(z)\ ^ We will show 

that \fm (z)i < The theorem will then fol¬ 

low immediately from Hardy’s theorem. In order to get 
estimates on the Fourier transforms of /„, we first ob¬ 
serve that the condition Il7e^^ll < oo implies that 
ll7^e^^^^ll < CO. This follows from the fact that the unitary 
operators iu(0) all commute with the Hermite operator H. 
Now we can write down the special Hermite expansion 
of /„ which reduces to a Laguerre expansion owing to 
the fact that the functions/„ are homogeneous. Then it is 
easy to calculate the singular numbers of 7^ which are 
expressible in terms of the Laguerre coefficients of f^t. 
The condition Il7^„e^''^ll < oo then translates into expo¬ 
nential decay of the Laguerre coefficients of /„, As the 
Laguerre functions are eigenfunctions of the symplectic 
Fourier transform, we get estimates on the Laguerre co¬ 
efficients of the Fourier transform of/;„. Then we use a 
generating function identity for Laguerre functions and 
get the required exponential decay of fin . We refer to 
ref, 13 for the details of the proof. 


Thus for each A 0, /(A) is an operator on L^(R). It 
can be shown that the Fourier transform initially defined 
on L^(G) can be defined for functions as well and for 
such functions / (A) is a Hilbert-Schmidt operator. The 
simplest version of the Paley-Wiener property of G is 
given in the following theorem (see ref. 2). 

Theorem 3.1. Letfe L\G) be compactly supported as a 
function oft. Then, f (A) as an operator valued function 
of I cannot vanish on a set of positive measure unless 
f=^0. 

From the definition of the Fourier transform it follows 
that 

/(^) = J Piz)^x(z .0)dz, 

G 

where f ^ is the inverse Fourier transform of / in the t 
variable. The vanishing of /(A) means that/^ = 0 as a 
function on C and if it is so on a set of positive measure 
then by Benedick’s theorem for the Fourier transform 
/= 0, It is clear that this is just a version of the Paley- 
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Wiener property which takes into account only the sup¬ 
port properties of/as a function of t. 

Combining the results of the previous section, we ob¬ 
tain several stronger versions of the Paley-Wiener prop¬ 
erty. 

Theorem 3,2. Let fs G be compactly supported and let 
E a R be a set of positive Lebesgue measure. Suppose 
that for every non-zero X e E there is b(X) > 0 such that 
il / (X)e^^^^^\\ is finite. Thenf= 0. 

We also have the following version of Hardy’s theorem 
for the Fourier transform on the Heisenberg group. 

Theorem 3.3. Let f be compactly supported as a function 
of t and satisfy the estimate \f (z, 01 ^ Ce as a func¬ 
tion of z. Let E C. R be a set of positive measure with 
the property that for every non-zero X e E there is 
b(X) > 0 such that f is Hilbert-Schmidt. If 

a(tanh(b(X)/2)) > 1/4 thenf^ 0. 

Combining the results of the previous section with the 
results of Lipsman-Rosenburg^, Arnal-Ludwig^ and 
Garimella^ we can obtain various versions of the Paley- 
Wiener property for general nilpotent Lie groups. There 
is also an exact analogue of Paley-Wiener theorem for 
the Fourier transform on the Heisenberg group. Let us 
write Tx in place of / (A). 


Theorem 3.4. Let fe L^{G). Then f is compactly sup¬ 
ported in the z variable if and only if for each non-zero 
X the Fourier-Weyl transform tx extends to an entire 
function of exponential type. 

We also have another version of the Paley-Wiener theo¬ 
rem for the modified Fourier transform on G which 
respects both the variables z and t. We refer to ref. 11 
for formulation and proof of this result where it is 
proved in the more general set up of step two nilpotent 
Lie groups. It is an interesting open problem to formu¬ 
late such a Paley-Wiener theorem for general nilpotent 
Lie groups. 
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Cytokinins and in vitro induction of flowering in 
bamboo: Bambusa arundinacea (Retz.) Willd 


Mohini Joshi and Rajani S. Nadgauda 

Tissue Culture Pilot Plant Division, National Chemical Laboratory, Pune 411 008, India 


Four-week-old seedling explants of Bambusa arundU 
nacea were cultured on Murashige and Skoog (MS) 
basal medium with different cytokinins to study the 
effect on in vitro induction of flowering. The cytoki¬ 
nins used were adenine hemisulphate (AdS), 6-[y,y- 
dimethylallylamino]-purine (2iP), kinetin (Kin), 
zeatin individually and in combination with 6-benzyl 
adenine (BA). 

BA was found to be the only cytokinin inducing 
flowering in vitro when added individually in the cul¬ 
ture medium. The induction of flowering in media 
containing other cytokinins, when added individu¬ 
ally, was not observed. However, induction of flower¬ 
ing was observed in all the cytokinin combinations 
whenever BA was added. Presence of BA in the cul¬ 
ture medium was observed to be absolutely essential 
for induction of flowering. 2iP showed synergistic 
effect in combination with BA although it was inef¬ 
fective in the presence of flower induction alone, 
while zeatin showed antagonistic effect on induction 
of flowering in combination with BA. 


Bamboos have a peculiar flowering behaviour. Most of 
them flower at the end of a very long vegetative phase 
followed by death of the clumps. Several workers have 
tried to explain this peculiar behaviour\ Nevertheless it 
has remained one of the least-understood phenomena. It 
is usually believed that the flowering in bamboos is 
controlled by an internal physiological calendar rather 
than an external weather cue^’^. 

Improvement of bamboos by breeding is still a big 
challenge. Induction of flowering under in vitro condi¬ 
tions has been reported in species of bamboo, viz. Den- 
drocalamus strictus^, Bambusa arundinacea, 
Dendrocalamus brandisif, Dendrocalamus hamiltonii^, 
Bambusa vulgaris, Dendrocalamus giganteus, and Den¬ 
drocalamus strictus^. A report from our laboratory on 
comparison of in vitro flowering and natural flowering 
phenomenon in B. arundinacea describes in detail the 
similarities and differences between the two^. Potential 
of in vitro flowering in bamboos has already been 
dicussed^'^^. 

There is an extensive literature on different physio¬ 
logical and biochemical signals involved in induction of 
flowering. It has been shown that cytokinins have pro- 
motory as well as inhibitory effects on induction of 
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flowering in a number of plant species, although promo- 
tory effects are much more than inhibitory ones^\ 

The reports on in vitro flowering in B, arundinacea, 
D. brandisif and D, hamiltonii^ have one striking simi¬ 
larity, i.e. use of BA in culture media whereas for B. 
vulgaris, D. giganteus and D. strictus Rout and Das^ 
have used adenine hemisulphate (AdS), IBA and GA 3 in 
combination for induction of flowering. However in all 
the reports, other cytokinins were not tested. We report 
here the results of the work carried out to 'study the ef¬ 
fect of different cytokinins, viz. AdS, 6 -benzyl adenine 
(BA), 6 -[y,y-dimethylallylamino]-purine (2iP), kinetin 
(Kin) and zeatin individually and AdS, 2iP, Kin and 
zeatin in combination with BA on in vitro induction of 
flowering in B. arundinacea. 

Material and methods 

Plant material 

Seeds of B. arundinacea were obtained from Empress 
Garden, Pune, India. Dehusked seeds were washed in 
2% solution of Labolene (Qualigens, India) and treated 
with 4% Cetrimide (ICI, India) for 10 min. The seeds 
were then surface-sterilized with 0 . 1 % mercuric chloride 
solution for 10 min. This was followed by 3-5 rinses with 
sterile distilled water. The surface-sterilized seeds were 
inoculated on half-strength MS basal medium^^ without any 
plant growth regulators. The culture tubes were incubated 
in the dark at 25 ± 2°. The seeds germinated and reached 
three leaf-stage within four weeks. Seedlings at this 
stage were used for further experiments. 

Experiment 1, Ejfect of cytokinins on in vitro 
induction of flowering 

To test the effect of individual cytokinin on induction of 
flowering, five different cytokinins, viz. BA, 2 iP, Kin 
zeatin were added to control media at concentrations 
ranging from 2.2 to 9.3 |iM excepting zeatin, which was 
added at the concentration 0.26 |xM (Table 1). AdS was 
tested at 2.71, 27.1, 271 |iM. 

To study the effect of cytokinins in combination with 
BA, four of the cytokinins AdS, 2iP, Kin, zeatin were 
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Table 1. Addition of cytokinins in Ml and M2 media and flower 
induction response 


Cytokinin 

Concentration 

(HM) 

Flower induction 
response 

BA 

2.22-8.88 

+ 

AdS 

2.71-271.0 

- 

Kin 

2.32-9.30 

- 

2iP 

4.90 

- 

Zeatin 

0.26 

- 

BA + AdS 

4.93 

+ 

BA + Kin „ 

4.54 

+ 

BA-h2iP 

7.21 

+ 

BA + zeatin 

2.5 

+ 


+ Flower induction; •- No flower induction. 


added to control media containing BA at 2.22 |iM as the 
maximum response of flower induction was observed in 
media containing BA when added individually. The 
concentrations of AdS, 2iP, Kin and zeatin chosen were 
same as the experiment above. 

Control media used were MS basal liquid medium 
with 2% sucrose and with or without CW termed as Ml 
and M2 respectively. There were in all 20 combinations 
including two controls, Ml and M2. 

Experiment 2, Ejfect of BA on induction of 
flowering in cultures when added at the end of 
third subculture 

Similarly, cultures grown in Ml and M2 media contain¬ 
ing different cytokinins other than BA were subcultured 
in the same media but by adding BA at the end of third 
subculture, i.e. after 16 weeks. 

Maintenance of cultures and parameters for 
observations 

Ten seedlings were inoculated in each of the media 
combinations and the cultures incubated on a rotary 
shaker at 25 ± 2°C and 60 rpm under continuous illumi¬ 
nation of 6.25 |uEm"^s"\ Multiple shoots produced in 
all the combinations of experimental media, including 
controls Ml and M2, were maintained by subculturing at 
4 weeks interval in the respective media. The cultures 
were regularly observed for any visual signs of emer¬ 
gence of floral buds. Mature florets, at the time of an- 
thesis, were dissected under microscope and observed 
for the presence of floral parts. All the experiments were 
replicated thrice and the observations were noted at the 
end of the third subculture. The data were analysed us¬ 
ing a yf test for significance. Correlation coefficient 
between the root elongation and flower induction was 
calculated using Microsoft Excel (version 5.0). 


Results and discussion 

Flowering is a unitary and integrated process. It is gen¬ 
erally divided into two steps: induction or initiation and 
expression. These two steps react differently to and are 
controlled by numerous environmental and physiologi¬ 
cal stimuli. In vitro induction of flowering has been 
achieved in a number of plant species^ V In this process 
there is a sudden shift from juvenile to mature phase 
even when other characters of maturity such as an in¬ 
ability of shoots to form adventitious roots and an adult 
leaf morphology are not observed^^. Different factors 
which can influence in vitro induction of flowering in¬ 
clude absence of roots^"^’^^, correct combination of plant 
growth regulators'^, physical condition of the medium^^, 
etc. 

Effect of cytokinins 

It has been shown that cytokinins, BA and its conjugates 
in particular, play a significant role in induction of 
flowering in tobacco thin cell layers^®, cotyledon de¬ 
rived shoots of ‘burpless hybrid* cucumber^^, Arachis 
hypogaea^^ and Boronia megastigma Nees^^. 

In the present study the three leaf-stage seedlings pro¬ 
duced multiple shoots when they were inoculated in dif¬ 
ferent media combinations tried. The multiple shoots 
when subcultured in the respective media showed in¬ 
duction of flowering only after third subculture. Table 1 
describes the flower induction response under in vitro 
conditions at different concentrations of cytokinins 
used. BA at 2.22 |iM gave maximum response of flower 
induction, i.e. 23.07% of cultures compared to other 
concentrations of BA used, i.e. no induction response in 
absence of BA to 10.0% at 8.88 |uM BA. Table 2 


Table 2. Percentage of cultures showing root elongation and induc¬ 
tion of flowering in Ml and M2 media with different cytokinins 
when added individually and in combination with BA 


Cytokinin(s) 

Concen¬ 

tration 

(pM) 

, % Cultures 
showing 
RE 

% Cultures 
showing 
flower 
induction 

No. of 
spikelets/ 

No. of 
vegetative 
shoots 

Zeatin 

0.26 

100 

0 

__ 

AdS 

2.71 

100 

0 

- 

Kin 

2.32 

100 

0 

- 

2iP 

4.90 

100 

■ 0 

- 

BA 

, 2.22 

7.69 

23.07 

0.23 

Zeatin + BA 

2.5 

25.0 

6.25 s 

0.21 ns 

AdS + BA 

4.93 

20.0 

13.33 ns 

0.18 ns 

Kin + BA 

4.54 

14.28 

21.42 ns 

0.085 ns 

2iP + BA 

7.21 

0 

44.44 s 

0.48 s 


Ml, MS basal medium + 2% sucrose; M2, MS basal medium -i- 2% 
sucrose+ 5% CW; RE, root-elongation; s, significant; ns, non¬ 
significant at 0.05 probability level according to slx^ test. 
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Figure 1. a, Profuse rooting in culture which did not show induction 
of flowering; b, Culture showing induction of flowering; c, Culture 
with spikelet showing florets at anthesis stage; d. Close-up of a floret 
at anthesis stage (x 3.5) (Bar represents 1 mm). 

summarizes the data of effect of different cytokinins on 
flower induction and root elongation when the cytoki¬ 
nins were added individually and in combination with 
BA in Ml and M2 control media. The concentrations of 
other cytokinins used in this experiment were equimolar 
to BA, which gave maximum flower induction response, 
i.e. 2.22 |iM except zeatin. It is evident from Table 2 
that except BA none of the other cytokinins tested were 
able to induce flowering when added individually or 
with CW. The control media Ml and M2 also failed to 
induce flowering. 

An inverse relationship was observed between the 
cultures showing induction of flowering and those 
showing root elongation. The shoots produced in all the 
cultures, except those in BA-containing medium, 
showed root elongation (Figure 1 a) when cytokinins 
were tested individually for their ability to induce 
flowering. The induction of flowering was not observed 
in these cultures. Media containing only BA 
showed induction of flowering (Figure 1 b) where the 
percentage of cultures showing root elongation was 7.69 
(Table 2). 


Similarly when the cytokinins were added in combi¬ 
nation with BA, root elongation was observed in the 
cultures excepting those grown in media containing BA 
in combination with 2iP. The flower induction in this 
combination, i.e. BA + 2iP, was significantly higher 
compared to BA alone. As the percentage of cultures 
showing root elongation increased from 0.0 in media 
with BA + 2iP to 25.0 in media with BA + zeatin, the 
percentage of cultures showing flower induction de¬ 
creased from 44.44 to 6.25 respectively (Table 2). The 
correlation coefficient of -0.96 was observed between 
the cultures with root elongation and cultures showing 
flower induction for all the combinations which showed 
positive flower induction response. The root elongation 
whenever observed was from the first subculture of the 
explants in the respective media. 

Besides the correlation between the root elongation 
and induction of flowering, it was observed that the 
addition of Kin and AdS to medium in combination with 
BA did not significantly affect the induction response 
while addition of zeatin and 2iP in combination with BA 
did, where zeatin showed negative while 2iP showed 
positive induction response. Also, the ratio of number of 
spikelets to that of vegetative shoots produced in me¬ 
dium with BA and 2iP in combination was significantly 
higher than BA alone. Other combinations, however, did 
not show any significant increase in the number of 
spikelets produced (Table 2). 

The florets, at the time of anthesis from induced cul¬ 
tures, when dissected showed the presence of all the 
floral parts, i.e. lemma, palea, lodicules, gynoecium 
consisting of ovary, style and stigma, and androecium 
with 6 anthers at the tip of long filaments (Figure 1 c, d). 

When the cultures were treated with cytokinins other 
than BA for three subcultures, i.e. 16 weeks from initia¬ 
tion and then exposed to BA at the end of the third sub¬ 
culture, there was no induction of flowering. This has 
confirmed that the presence of BA in the culture me¬ 
dium was essential from the initiation stage for optimum 
flower induction response in this species. 

Conclusions 

The present study revealed the following important 
points: 

- BA was the only cytokinin among the different cy¬ 
tokinins tested effective in induction of flowering. 
Cultures grown on individual cytokinin-containing 
media other than BA failed to induce flowering. 

- All cultures grown in individual cytokinin- 
containing media, except BA, showed root elonga¬ 
tion and no induction of flowering. The percentage 
of cultures showing root elongation was less in BA- 
containing media where flower induction was also 
observed. 
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- Root elongation and flower induction had an inverse 
relationship. The cultures grown in media containing 
2iP in combination with BA never developed roots 
and maximum percentage of cultures showed flower 
induction (correlation coefficient = - 0.96). 

- BA and 2iP showed synergistic effect on induction 
of flowering. 2iP alone was found to be ineffective 
in the process of in vitro induction of flowering. 
This synergistic effect of 2iP with BA was not ap¬ 
parent when BA was applied to the cultures grown 
on 2iP alone for 16 weeks. 

From the present study and other reports on in vitro 
flowering in bamboos^“^ it has become clear that BA 
plays an important role in induction of flowering when 
applied exogeneously to seedling cultures. Therefore, 
endogenous status of different hormones at the time of 
shift from vegetative to flowering stage remains to be 
studied. 
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The electronic factor in Bergman 
cyclization 

Animesh Pramanik, P. Kalyanaraman and 
Jayaraman Chandrasekhar 

Department of Organic Chemistry, Indian Institute of Science, 
Bangalore 560 012, India 

Through-bond interactions in 1,4-dehydrobenzene 
preferentially stabilize the out-of-phase combination 
of the radical hydrids. The resultant splitting be¬ 
tween the frontier orbitals is crucial in making 
Bergman cyclization a symmetry-allowed process. 
Orbital symmetry also inhibits the radical centers 
from forming a G-C bond, enabling the biradical to 
survive as a local minimum capable of intermolecular 
hydrogen abstraction. Both these factors, which are 
important in the design of DNA cleaving molecules, 
are confirmed through calculations on biradicals 
formed from diynes in which through-bond interac¬ 
tions stabilize the in-phase combination of hybrids at 
the radical centers. 

Bergman cyclization^"^ has been implicated as a key 
process determining the activity of enediyne class of 
antitumour antibiotics. Cycloaromatization of the enedi¬ 
yne and hydrogen abstraction by the resultant biradical 
have been suggested to be responsible for the DNA 
cleaving capability of these compounds^. In the design 
of analogues, considerable effort has been expended in 
determining and controlling the factors contributing to 
the ease of the cyclization step. Reducing the distance 
between the terminal carbon atoms of the diyne and 
build-up of strain in the reactant are two strategies 
which have been successfully employed^. Based on MO 
calculations, we now propose that an electronic factor 
also plays a crucial role in Bergman cyclization (1 2) 

and in related processes involving 3 and 4. 

With aromaticity providing a favorable thermo¬ 
dynamic driving force, the formation of a biradical may 
appear to be a trivial transformation requiring no orbital 
symmetry control. However, an analysis of the symme¬ 
tries of the MOs that are involved in the electronic reor¬ 
ganization is revealing (Scheme 1). The in-plane jr MOs 
of the diyne, 1, form a pair of symmetric and antisym¬ 
metric combinations. Since the newly formed C-C bond 
is symmetric with respect to the mirror plane conserved 
in the cyclization process, it is essential that the HOMO 
of the biradical, 2 , be an antisymmetric combination of 
the hybrid orbitals (ni - n^) at the formal radical centres 
for the reaction to be electronically allowed^. While 
symmetry arguments are usually not valid for 
biradicals in view of the near degeneracy of frontier 
orbitals, species such as 1,4-dehydrobenzene are excep¬ 
tional. As proposed earlier in related systems^"^^, strong 
through-bond interactions with ring C-C a and a* orbi¬ 


tals result in substantial splitting between the symmetric 
and antisymmetric combinations in favour of the 
latter. The filled orbital interaction destabilizes the 
Hi + ^2 MO while participation of the C-C (7* orbitals 
reinforces the separation by stabilizing the antisymmet¬ 
ric combination. Ah initio calculations confirm the rela¬ 
tively large energy separation between the frontier 
orbitals. Even after making allowance for the fact that 
virtual orbital energies are overestimated at the Hartree- 
Fock level, the separation of 6.7 eV computed at the 
HF/6-31G* level is quite large for a biradical. Consis¬ 
tently, the configuration in which the n-[ - nj MO is 
doubly filled makes the dominant contribution in the 
CASSCF wave function (square of the coefficient IcP is 
0.63 and not 0.50 expected for a perfect biradical)^*^^"^^. 
Thus, through-bond interactions are crucial for making 
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Figure 1. Frontier orbital splitting in a biradical induced by 
through-bond interactions involving a propano bridge. 


Bergman cyclization an electronically allowed process. 
The antisymmetric nature of the HOMO also ensures 
that the biradicaloid does not readily form a new C-C 
bond. The species survives as a bond stretch isomeric 
minimum'^' and hence is capable of abstracting hydrogen 
atoms. Thus, both features of critical importance in the 
DNA cleaving capability of enediyne antibiotics are 
ensured by through-bond interactions. 

Confirmation of the role of through-bond interactions 
was sought by examining the potential energy surfaces 
in Bergman-like cyclizations in model diynes, 3 and 4, 
in which the number of intervening o bonds is altered. 
Photoelectron studies on non-conjugated dienes 
have established that odd number of intervening o bonds 
lead to opposing through-space and through-bond ef¬ 
fects. In contrast, even number of o bonds lead to orbital 
splitting which reinforce each other in favour of the 
symmetric combination of 7t MO’s. The same trend may 
persist in biradicaloids. For example, a propano bridge 
may be expected to stabilize the symmetric combination 
ni -H n 2 as a result of both through-space and through- 
bond interactions (Figure 1). 

The electronic structures of the cyclized biradicaloids 
derived from 3 and 4 computed using AMI (ref. 18) and 
ab initio procedures with the 6-3IG* basis set'® confirm 
the above analysis. In contrast to 2, the biradicaloids 5 
and 6 have a symmetric HOMO (frontier orbital gap of 
9.0 and 8.6 eV at the HF/6-31G* level). The corre¬ 
sponding doubly-filled configuration makes the domi¬ 
nant contribution to the MCSCF wave function 
(Icl^ = 0.77 and 0.59 in 5 and 6, respectively). Hence, 
cyclization of diynes 3 and 4 to the biradicals 5 and 6, 
respectively, are electronically forbidden. As a direct 
consequence, the potential energy surfaces connecting 3 
and 4 to the corresponding biradicals, with the distance 
between the terminal carbon atoms as the assumed reac¬ 
tion coordinate, are calculated to have sharp disconti¬ 


nuities at the RHF level. Examination of the PE surface 
near the product region led to a transition state only 
2.3kcalmor' (AMI) higher in energy. Interestingly, 
this structure corresponds to the transition state leading 
to the formation of the bicyclic diene, 7 and not of 4. 
The preference of the biradical 6 to form a new C-C 
bond is again a result of the symmetric nature of the 
HOMO. Thus, orbital symmetry fundamentally alters the 
nature of the PE surfaces in these systems. 

In summary, Bergman cyclization is to be viewed as 
an important addition to the list of biradicaloid proc¬ 
esses in which orbital symmetry plays a key role“. 
Through-bond interactions and orbital symmetry should 
not be overlooked while designing synthetic analogues 
of enediyne type DNA cleaving molecules. 
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Interaction of temperature and 
microsomal peroxidase in aflatoxin 
degradation by Aspergillus flavus 
102566 

Ved Pal Singh 

Applied Microbiology and Biotechnology Laboratory, Department of 
Botany, University of Delhi, Delhi 110 007, India 

In Aspergillus flavus, mycelial yield (dry weight) and 
DNA content reach near maximum at day-2. The 
temperature-shift studies have shown that both 
growth as well as DNA profiles follow almost identi¬ 
cal patterns. After the stationary phase of growth 
sets in, the decrease in mycelial dry weight and DNA 
levels is more prominent at 37°C than at 30°C 
(optimal growth temperature) and most at 45°C. 
With increase in temperature, there is a decrease in 
the levels of total aflatoxins, which in turn is corre¬ 
lated with the temperature-dependent increase in the 
activities of microsomal peroxidase. A possible role 
of microsomal peroxidase in aflatoxin degradation 
under the influence of temperature has been sug¬ 
gested. 

The aflatoxins constitute the most widely studied of all 
mycotoxins, and their toxic effect on humans and ani¬ 
mals is well documented^''^ Almost all raw agricultural 
products and most foods and feeds are susceptible to 
invasion by the aflatoxigenic fungi, Aspergillus flavus 
and A. parasiticus with subsequent formation of aflatox¬ 
ins at some stage of their production, processing and 
transportation^’^. Efficient degradation of aflatoxins in 
agricultural raw material used for foods and feeds could 
be of great significance to human and animal health. A 
number of physical and chemical methods of aflatoxin 
degradation have been developed but only a few have 
any practical application^'^. Aflatoxin degradation by 
other microorganisms has been extensively studied, 
which leads to realistic practical applications^’^. The 
ability of the toxin-producing fungi, A. parasiticus'^ and 
A.flavus^'"^ to degrade aflatoxins has been demonstrated. 
Intracellular mycelial substance(s)^° and heat-labile 
ammonium sulphate precipitable factor(s)^^ participate 
in the degradation of aflatoxins. 

All the aforementioned studies were, however, carried 
out for in vitro degradation of exogenous aflatoxins by 
the intact mycelia or cell-free extracts of the aflatoxin- 
producing fungi to show the role of enzymes, such as 
peroxidase^ and cytochrome P-450 monooxygenase^ in 
A. parasiticus and A. flavus, respectively. Studies have 
also shown that specific elevated temperatures can 
strongly influence the level of endogenous breakdown of 
aflatoxin by A. flavus^^. The present investigation was 
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undertaken to examine the relationship between in vivo 
degradation of aflatoxins and peroxidase activities in the 
microsomal as well as in the 35,000 g (3 h) supernatant 
fractions of A. flavus grown at different temperature 
regimes in shake culture. 

Aspergillus flavus 102566, obtained from the CAB 
International Mycological Institute, Surrey, UK was 
used in the present study. The strain was grown at 30°C 
in slants of potato dextrose agar (PDA) medium. A. fla¬ 
vus cultures were prepared and harvested using the 
method of Hamid and Smith^ by growing the fungus 
initially for 2 days at 30°C and subsequently trasferring 
the cultures to 37° and 45°C, keeping the control at op¬ 
timal growth temperature (30°C). Mycelial dry weights 
were obtained by drying washed filtered mycelium at 
80°C for 24 h. The procedures for the preparation of 
cell-free extracts and DNA estimation, described else- 
where^^’^^, were used. 

Cultures were extracted for aflatoxins by a modifica¬ 
tion of the procedures of Shih and Marth^^, where whole 
cultures were blended with 100 ml of chloroform in a 
Waring blender for 2 min. The same extraction proce¬ 
dures were used for both separated mycelia and culture 
filtrates. The quantitative estimation of aflatoxins Bi, 
B 2 , Gi and G 2 was made by the method of Nebney and 
Nesbitt'^ 

For microsomal preparation, the mycelium (2 g wet 
weight) was homogenized by mortar and pestle in 5 ml 
ice-cold buffer (0.05 M tris-HCl, pH 7.0) using glass 
perlen (0.45-0.50 mm (p). The homogenate was centri¬ 
fuged at 10,000 g for 30 min at 4°C and the precipitate 
discarded. The microsomes were sedimented by cen¬ 
trifugation at 35,000 g for 3 h at 4°C and the pellets 
containing microsomes resuspended in 3 ml ice-cold 
buffer (0.05 M tris-HCl, pH 7.0). The microsomal and 
35,000 g supernatant fractions were stored under ice- 
cold condition and used for analysis of peroxidase en¬ 
zyme activity and protein estimation. 

Peroxidase activities in microsomal and supernatant 
fractions were assayed by the method of Polis and 
Shmukler^^, using dihydroxyphenylalanine (dopa) as 
hydrogen donor and H 2 O 2 as an oxidant. Protein in the 
samples was estimated by Lowry’s method^^, using bo¬ 
vine serum albumin (Sigma) as standard. The specific 
activity of peroxidase was expressed as the increase in 
the absorbancy unit (AU) at 475 nm due to the enzy¬ 
matic oxidation of dopa per min per mg of protein 
(AU/min/mg protein). 

The observations on growth in terms of mycelial dry 
weight in mg per flask, containing 100 ml culture and 
DNA content in terms of pg per 100 ml culture of A. 
flavus are shown in Figure 1 a, b, respectively. The results 
indicate that both mycelial dry weights as well as DNA 
contents reached near the maximum level by day-2. 
However, the data further suggests that under the spe¬ 
cific growth conditions such as media composition, op- 
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Figure 1. a, Mycelial yield of Aspergillus flav us at 30°, 37° and 45°. The time at which the cultures were transferred to different tem¬ 
peratures is indicated by an arrow. Each point in the figure represents mean value of triplicate determinations (reproducibility ±5%). 


Table 1. The levels of aflatoxins (Bi, B 2 , Gi and G 2 ) in the mycelia and the culture filtrates of Aspergillus flavus under different temperature 
regimes. Each result is based on mean value of triplicate determinations (reproducibility ± 5%) 




Mycelial aflatoxins 

Culture filtrate aflatoxins 


Growth 

temperature 

Days 

(ppm/100 ml culture) 

(ppm/100 ml culture) 

Total aflatoxin 
concentration 



(°C) 

of harvest 

Bi B 2 Gi G 2 Subtotal (I) Bi 

B 2 Gi G 2 Subtotal (II) 

(I + II) 



1 

_ 

_ 

_ 

_ 

_ 

_ 


_ 




2 

0.343 

0.189 

0.176 


0.708 

0.093 

0.026 

0.324 

- 

0.443 

1.151 

30 

3 

0.422 

0.385 

0.472 

0.428 

1.707 

0.551 

0.104 

0.574 

0.366 

1.595 

3.302 


4 

0.128 

0.261 

0.463 

0.2 u 

1.066 

0.415 

0.287 

0.287 

0.202 

1.201 

2.267 


7 

0.336 

0.058 

0.370 


0.764 

0.336 

0.320 

0.166 

~ 

0.822 

1.586 

37 (after the 

3 

0.214 

_ 

0.222 

_ 

0.436 

0.243 

0.183 

0.101 

_ 

0.527 

0.963 

transfer of cultures 

4 

0.107 

- 

0.092 

- 

0.199 

0.135 

_■ 

0.120 

- 

0.255 

0.454 

at day-2) 

7 

0.021 

“ 

- 

- 

0.021 

0.042 

- 

- 

- 

0.042 

0.063 

45 (after the 

3 

0.021 

0.058 

0.185 

_ 

0.264 

0.085 

0.045 

0.083 

0.028 

0.261 

0.525 

transfer of culture 

4 

0.135 

0.091 

0.074 

- 

0.300 

0.415 

0.215 

0.231 

0.135 

0.996 

1.296 

at day-2) 

7 

0.021 

0.006 

0.018 

- 

0.045 

0.186 

0.032 

0.064 

0.091 

0.301 

0.346 


Time of temperature shift of cultures. 


timal temperature (30°C), and shaking speed (200 rpm), 
the stationary phase of growth sets in after a very short 
period of time (i.e. day-2 onwards), which is conducive 
to aflatoxin biosynthesis by A. flavus. The data also in¬ 
dicates that in control cultures of A. flavus (i.e. the cul¬ 
tures raised at optimal growth temperature, 30°C), 
mycelial yield continued to increase but DNA content 
remained unchanged up to day-4, followed by gradual 
decrease of both the components up to day-7. At 37°C, on 
the other hand, there was a continuous increase in both 
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mycelial yield and DNA content only up to day-3 which 
gradually decreased through day-4 up to day-7 stage of 
growth of A. flavus. However, after the transfer of cul¬ 
tures to 45°C at day-2, both mycelial yield and DNA 
content decreased drastically up to day-3. But at the same 
temperature (45°C), at a more advanced stage of growth 
(i.e. at day-4 stage), there was a slight increase in the 
mycelial yield as well as DNA content; the magnitude of 
such increase remained almost same up to day-7, Such 
periodic increase or decrease in fungal biomass and 
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Table 2. Peroxidase activities in the microsomal as well as supernatant (35,000 g, 3 h) fractions of mycelia of 
A. flaviis grown at different temperatures. Values are based on mean of triplicate determinations 

(reproducibility ± 5%) __ 


Growth 

temperature 

(°C) 

Days of 
harvest 

specific activity of peroxidase 
(AU/min/mg protein) 

Microsomal 

fraction 

Supernatant 

fraction 


1 

0.75 

0.01 


2 

1.26 

0.02 

30 

3 

1.26 

0.02 


4 

1.72 

0.03 


7 

2,57 

0.06 

37 (after the transfer of 

3 

2.83 

0.02 

cultures at day-2) 

4 

2.85 

0.02 


7 

3.05 

0.02 

45 (after the transfer of 

3 

3.93 

0.05 

cultures at day-2) 

4 

3.45 

0.00 


7 

4.26 

0.00 


—> Time of temperature shift of cultures. 


DNA content, therefore, appeared to be growth-phase 
dependent, similar to the observations made by Smith 
and Moss^ and Arseculeratne and Bandunatha'* for vari- 
ous toxigenic aspergilli, in which the decrease in myce¬ 
lial yield and the contents of various biomolecules has 
been attributed to their autolytic degradation and their 
increase at more advanced phase of growth has been 
attributed to resynthesis of the cellular as well as bio- 
molecular mater ials^’^^. 

The observations that both mycelia as well as culture 
filtrate showed similar patterns of total aflatoxin levels 
consistently under different temperature regimes (Table 
1) suggest that there is no reabsorption of aflatoxins by 
mycelia at any of the stages of growth and temperatures 
tested. The decrease in total aflatoxin levels in both my¬ 
celia as well as culture filtrate after day-3 was, there¬ 
fore, due to degradation of aflatoxins. A slight increase 
in aflatoxin concentration in 4-day-old cultures grown at 
45°C appeared to be growth-phase mediated phenome¬ 
non in A. flavus, as is evident from the experimental 
observations presented in Figure I b and Table 1. 
Similar growth-phase mediated phenomenon has also 
been observed for aflatoxin synthesis and degradation 
by Huynh et aO and Huynh and Lloyd^^ in another spe¬ 
cies of toxigenic Aspergillus — A. parasiticus. Aflatoxin 
B 2 in the mycelium was found to be completely de¬ 
graded at 37°C, but in the culture filtrate it was sensitive 
to degradation after day-3 at this temperature. On the 
other hand, aflatoxin G 2 in the mycelium was found to 
be completely degraded both at 31° and 45°C, but in the 
culture filtrate it was most sensitive to degradation at 
37°C; even at 30°C (normal growth temperature of A. 
flavus), this aflatoxin appeared later and degraded ear¬ 
lier than all other aflatoxins in both mycelium as well as 
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culture filtrate. However, aflatoxin Gi was found to be 
completely degraded at 45°C in both mycelium as well as 
culture filtrate at day-7. The decrease in total aflatoxin 
level at day-7 and at 45°C might be associated with the 
redegradation of the newly-synthesized aflatoxins. 

In aflatoxigenic aspergilli, more than one phase of rise 
and decline of aflatoxin levels, in association with 
growth stages have been reported^’^®. This is also in 
agreement with the fact that there was an increase in 
total aflatoxin concentration from day-3 to day-4 (at 
45°C), where both mycelial yield (Figure 1 a) and DNA 
content (Figure 1 b) increased. However, Table 2 indi¬ 
cated that most of the peroxidase activity is associated 
with microsomal fraction of A. flavus^ and only a negli¬ 
gible amount of the enzyme activity was observed in the 
supernatant fraction of this toxigenic fungus. The data 
further indicated that, at initial stages of growth of A. 
flavus at 30°C, the aflatoxin levels continued to increase 
up to day-3 (Table 1) and there was no change in spe¬ 
cific activity of microsomal peroxidase from day-2 to 
day-3, thereby enabling the biosynthesis of aflatoxins to 
continue during this period of growth. At day-4 and day- 
7, however, the increase in microsomal peroxidase ac¬ 
tivity (Table 2) could possibly be responsible for the 
increased rates of aflatoxin degradation. But after the 
shifting of cultures from 30°C to 37°C at day-2, the 
higher rates of aflatoxin degradation on subsequent days 
might be due to a substantial amount of increases in mi¬ 
crosomal peroxidase activities. However, the transfer of 
A. flavus cultures to 45°C at day-2 resulted in marked 
(about 54%) decrease in aflatoxin concentration at day- 
3, which appears to be due to degradation of this toxin 
by the microsomal peroxidase enzyme. It is quite appar¬ 
ent that even a slight decrease in the specific activity 
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of microsomal peroxidase (i.e. from 3.93 to 
3.45 AU/min/mg protein) could possibly lead to the 
production of high amounts of total aflatoxins at day-4; 
and again an increase in the specific activity of this en¬ 
zyme at day-7 (i.e. from 3.45 to 4.26) resulted in en¬ 
hanced degradation of newly-synthesized aflatoxins, 
thus lowering their concentrations in A. flavus cultures. 
However, the relationship of aflatoxin degradation with 
increased microsomal peroxidase activities was stage- 
specific, with respect to both growth phase as well as 
temperature regimes (Figure 1 a, b and Tables 1 and 2). 
It is evident that the decrease or increase in the total 
aflatoxin level, under the influence of temperature, was 
consistently in accordance with the respective increase 
or decrease in the specific activity of microsomal per¬ 
oxidase. The present findings suggested the participa¬ 
tion of microsomal peroxidase of A. flavus in the in vivo 
degradation of endogenous aflatoxins under the 
influence of temperature. The potential role of tempera- 
ture"^"^’^’^ in toxigenic aspergilli as well as of peroxidase 
of cell-free extracts of A. parasiticus'^ in aflatoxin deg¬ 
radation has been well documented. Moreover, the en¬ 
zymatic preparations of liver microsomes have been 
found to degrade aflatoxins and detoxil 7 them in various 
eukaryotic systems^^’^®. The role of microsomal en¬ 
zymes, including peroxidase-related activity of cyto¬ 
chrome P-450 in biotransformation/degradation of 
various heterocyclic hazardous compounds in animal 
systems is well understood^^’^^. 

This paper highlights the effect of physiological 
growth conditions on aflatoxin production and degrada¬ 
tion by A. flavus, with special reference to involvement 
of microsomal peroxidase in aflatoxin degradation under 
the influence of growth temperature from 30 to 45'^C. 
The study also presents a possible mechanism for bio¬ 
logical control of aflatoxins by implicating microsomal 
peroxidase of microbial origin. 
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Uranium uptake by plants 

Kedar Prasad Singh 

Chemical Engineering Division, Regional Research Laboratory, 
Jorhat 785 006, India 

This paper highlights the transport of uranium pres¬ 
ent in the soil to plants. An increase in the uranium 
content in soil enhances its transport in various parts 
of plants. The transport of uranium from the soil to 
the grain follows the order: black gram > maize > 
lentil > chick-pea > rice > wheat. In certain vegeta¬ 
bles and fruits, this order is: spinach > carrot > 
radish > brinjal > banana > tomato > beet. In vege¬ 
tables and fruits, the stem reflects minimum percent¬ 
age of uranium present in the soil. The uranium 
transport is appreciably high in arecanut plant. The 
chances of uranium transport to the human organs, 
are expected to be more through consumption of 
crops grown in uranium-rich soil. 

Uranium is regarded as the heaviest^ trace element 
found in nature, and probably is a normal constituent of 
all organisms. All the eleven known isotopes of uranium 
are unstable and, as they decay, emit alpha or beta par¬ 
ticles. The alpha particles are regarded as hazardous to 
mankind. Prolonged exposure to alpha emitter may ac- 


532 


CURRENT SCIENCE, VOL. 73, NO. 6, 25 SEPTEMBER 1997 



RESEARCH COMMUNICATIONS 



Figure 1. Uranium uptake by various plants as a percentage of total 
uranium in the soil. 1, Wheat; 2, Rice; 3. Chick-pea; 4, Lentil; 5, 


Maize; 6. Black gram. U-uptake 

U-content in (root + leaf + grain + straw) ppm 

by plant =- 

Initial U-content in soil in ppm 


X 100. 



Figure 2. Bar diagram showing the percentage uranium uptake by 
various parts of some plants. 1, Wheat; 2, Rice; 3, Chick-pea; 4, 
Lentil; 5, Maize; 6, Black gram. U-uptake 

U-content in grain 

by grain = —--—-- x 100. 

U-content in (root + leaf + grain + straw) 


count for an increasing incidence of lung cancer among 
mine workers^. High amounts of radon have also been 
found in areas where uranium materials are present. Ra¬ 
don content correlates with the presence of uranium 
content. 

Radioactive isotopes of uranium are physically trans¬ 
ported through environment and pass from the soil and 
plants to man. The presence of uranium in biological 
materials even in traces may have appreciable toxic ef¬ 
fects. The uranium content in a number of edible plants, 


medicinal plants, cow’s milk, water, and other materials 
has been reported^"^. Plants could accumulate uranium 
present in the soil during the process of growth and de¬ 
velopment. I investigated the transport of uranium, from 
the soil to the various parts of some important edible 
plants. 

There are eleven known isotopes of uranium. Three of 
these, and exist in nature. The eight arti- 

r- • 1 * * f /228 tt 229tt 230tt 231tt 232tt 

ficial uranium isotopes ( U, U, u, U, u, 
233 u^ 237u 2 ix\d have very short half-life compared 
to the three natural uranium isotopes. Uranium is also 
transported to various plants grown and other dependent 
members of the food chain. Uranium contents in soil 
under investigation ranged from 2.13 to 3.27 ppm and 
that in different plants from 0.22 to 1.77 ppm. The aver¬ 
age uranium content of the soil under investigation was 
reported as about 2.67 ppm (ref. 4). The uranium con¬ 
tent in soils and various parts of different plants are 
taken from published data"^. Uranium uptake by various 
parts of plants as a percentage of total uranium in the 
soil has been defined as the ratio of uranium concentra¬ 
tion in a specific part of a plant to the uranium initially 
present in the soil, multiplied by 100. 

Uranium uptake by various plants such as, wheat, rice, 
chick-pea, lentil, maize, and black gram as percentage 
of uranium concentration in the soil is shown in Figure 
1. It is evident from Figure 1 that in the case of cereals, 
maximum uptake is by maize and minimum by wheat. In 
the case of pulses, maximum uptake is by chick-pea and 
minimum by black gram. 

Figure 2 shows the percentage uranium uptake by 
various parts, such as root, straw/stem, leaf and grain of 
some cereals (wheat, rice and maize) and pulses (chick¬ 
pea, lentil and black gram). In both the cases of cereals 
and pulses, uranium uptake is minimal through grains, 
and maximum by leaves in all the cases, except 
maize among cereals and black gram among pulses. In 
case of maize and black gram, the maximum uptake is 
through root. Therefore, chances of uranium transport 
to the animals are comparatively more than human be¬ 
ings. 

Figure 3 shows the uranium uptake by grains as ura¬ 
nium present in the soil of some plants of cereals 
and pulses. In the case of cereals, minimum and maxi¬ 
mum uptake of uranium is by wheat and maize 
respectively. In the case of pulses, minimum and maxi¬ 
mum uptake is by chick-pea and black gram respec¬ 
tively. 

Figure 4 shows uranium uptake by some vegetables 
and other important plants as a percentage of total ura¬ 
nium in the soil. It is clear from Figure 4 that uranium 
uptake by arecanut is the highest and that by beet is the 
lowest. In case of arecanut, a very high value of uranium 
uptake indicates that the uptake of uranium may be oc¬ 
curring through root as well as by direct deposition on 
foliar surfaces from the atmosphere. 
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Code number of plants 



Figure 3. Bar diagram showing uranium uptake by grains as a per¬ 
centage of total uranium present in the soil in some plants. 1, Wheat; 
2, Rice; 3, Chick-pea; 4, Lentil; 5, Maize; 6, Black gram. 

U-content in the grain (ppm) 

U-uptake by grain =- x 100. 

Initial U-content in soil (ppm) 


Figure 4. Bar diagram showing uranium uptake by some vegetables 
and fruits. 7, Spinach; 8, Carrot; 9, Radish; 10, Brinjal; 11, Tomato; 
12, Banana; 13, Beet; 14, Arecanut. 

U-content in (root + stem + leaf) ppm 

U-uptake by plant = - x 100. 

Initial U-content in the soil ppm 


Figure 5 shows the uranium uptake by root, stem, leaf 
and fruit parts of selected plants as a percentage of total 
uranium transported to various parts of the same plant. 
In the case of spinach, carrot, radish, brinjal and beet, 
uranium content is maximum in the leafy parts. But, in 
the case of tomato and banana, the stem portion contains 
the maximum percentage of uranium present in the soil. 
In the case of arecanut, both the leafy and fruit portion 
share the uranium content equally. It is also important to 
note that in the case of vegetables and fruits, stem por¬ 
tion shares the minimum percentage of uranium present 
in the soil. 

Figure 6 shows uranium uptake by edible parts of 
some vegetables, and fruits as a percentage of total ura¬ 
nium present in the soil. It is important to note that the 
leafy portion of spinach shares the maximum percentage 
of uranium, while the fruit portion of arecanut shares the 
maximum percentage of uranium. 

Uranium uptake in arecanut and betel plants grown in 
two different soils is highlighted through the following 
illustrations. Soil samples (Mi and M 2 ) from Meghalaya 
contain more uranium than that from Assam (A] and 
A 2 ). Higher uranium content in the soil enhanced the 
uranium uptake in all the parts of arecanut, and betel 
plants. Soil sample (Mi) from Meghalaya contains 
21.43% more uranium than that from Assam (Ai). 



Figure 5. Bar diagram showing uranium uptake by various parts of 
some vegetables. 7, Spinach; 8, Carrot; 9, Radish; 10, Brinjal; 11, 
Tomato; 12, Banana; 13, Beet; 14; Arecanut. U-uptake by leaf 
U-content in leaf (ppm) 

= -^- xlOO. 

Accumulated U-content in various parts of the plant (ppm) 


Higher uranium content in the soil enhanced the uranium 
uptake in all the parts of arecanut plant, with an en¬ 
hancement factor ranging from 1.88 to 4.15. Similarly, 
the increase in 6.9% of uranium from soil sample A 2 to 
M 2 caused an increase in the uranium transport in vari- 
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Figure 6. Bar diagram showing uranium uptake by edible parts of 
some vegetables and fruits. 7, Spinach; 8, Carrot; 9, Radish; 10; 
Brinjal; 11, Tomato; 12, Banana; 13, Beet; 14, Arecanut. 

U-content in fruit part of plant (ppm) 

U-uptake by fruit = --—-- ^ 100- 

Initial U-content in the soil (ppm) 

ous parts of betel plant with an enhancement factor 
ranging from 1.27 to 2.38. 

It appears from these studies that in the case of vege¬ 
tables, the chances of uranium transport to the related 
organs of human systems may be more by consuming the 
leafy portions of spinach. In the case of radish, root 
and leaf both are edible, which together account for 
about 75% uranium taken by the plant. In view of this, a 
greater risk of uranium transport is possible by consum¬ 
ing a large quantity of radish, grown in the soil contain¬ 
ing high percentage of uranium. At the same time, care 


and sincere effort must be taken to reduce the uranium 
content of the soil to the minimum level. 

The ecosystem is very important when considering the 
food chain, which is in effect a transfer of energy from 
plants through a series of organisms including human 
being. 

At a certain fixed level of uranium content in the soil, 
the uptake of uranium is the highest in the edible parts 
of maize (in case of cereals), black gram (in case of 
pulses), spinach (in case of leafy vegetables) and radish 
(in case of underground vegetables). 

This study further suggests that the critical zone 
population around nuclear installations should be 
monitored for uranium content in the lungs, blood, urine 
periodically. The uranium contents in the rain water, 
well water, river water, soil, air, edible and medicinal 
plants from critical zone should also be examined peri¬ 
odically with an objective to generate a scientific data 
bank for the future. 

It is important to note that no technology is perfectly 
safe. Therefore, careful engineering design and engi¬ 
neered safety features are among the important safety 
approaches required to be adopted. Every attempt 
should be made to achieve the aim of zero release of 
uranium to the environment. 
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Uranium and radon surveys in 
western Himalaya 

H. S. Virk 

Department of Physics, Guru Nanak Dev University, Amritsar 
143 005, India 

The water samples from mountain springs, streams 
and river systems in the western Himalaya were col¬ 
lected and analysed in the laboratory for uranium 
and radon contents. It is observed that the Himala¬ 
yan river system is conspicuous by its high dissolved 
uranium and radium concentration. The water sam¬ 
ples contain from 0.89 ppb to 63.4 ppb of uranium 
and from 34 Bq/1 to 364 Bq/1 of radon. The radon 
emanation in soil is measured by the track-etch 
method, emanometry and alpha-logger technique. 
The daily and long-term variation of radon was 
monitored in some mineralized zones of HP state 
with high uranium content in the soil. The maximum 
values of radon are recorded in Chhinjra, Rameda, 
Samurkala and Kasol areas of HP. 

Geochemical investigations for uranium deposits are 
based on the ability of uranium and its disintegration 
products, radium and radon, to dissolve in water and 
migrate together in Himalayan rivers and streams. One 
of the conspicuous characteristics of the Himalayan 
river system is its high dissolved uranium concentration, 
~2 |Lig/l, compared to the global average of 0.3 |Lig/l in 
river waters. The Ganges and Brahmaputra, together, 
transport about 1000 tons of dissolved uranium to the 
estuaries of the Bay of Bengal annually^’^. 

Radon estimation in soil-gas, groundwater and atmos¬ 
phere is an established technique in uranium explora¬ 
tion^’"^, environmental hazard assessment^’^ and more 
recently in earthquake prediction “ . Rn is a long- 
lived isotope out of the three radon isotopes and is thus 
more mobile in the natural environment than other ele¬ 
ments in the U-series. It is used as an effective tracer in 
understanding geo-physical processes that induce fluid 
motion in the ground. Prolonged exposure to radon and 
its daughter products may account for an increasing in¬ 
cidence of lung cancer among mine workers. Because of 
its importance in human life, it is of considerable inter¬ 
est to measure radon in air, soil and water for uranium 
exploration, environmental pollution, and earthquake 
prediction in western Himalaya. 

There are various methods of U-estimation, viz. 
gamma ray spectrometry, mass spectrometry, laser 
flourimetry, autoradiography, neutron activation analy¬ 
sis and fission track-etch technique. The last one was 
used in our sample analysis due to its simplicity and 
lower detection limit. 

The soil samples were collected from bore holes and 
dried in an oven at 150*^0 for 2 h. 50 mg of soil sample 


was mixed thoroughly with 100 mg of methyl cellulose 
powder used as a binder and the mixture was pressed 
into a pellet, about 1.3 cm dia and 0.1 cm thickness, 
using a hand press. Lexan polycarbonate discs of the 
same diameter were pressed against both sides of each 
pellet and then packed in an aluminium capsule, along 
with a standard glass dosimeter pellet. The capsule was 
irradiated in CIRUS Reactor at BARC, Trombay using a 
thermal neutron fluence of 10^^ n/cm^. After irradiation, 
Lexan discs were etched in 6.25 NaOH solution at 70°C 
for 40 min. The fission track density was measured us¬ 
ing a Carl Zeiss binocular microscope with a calibrated 
eye-piece graticule. Comparison between the track 
densities on the Lexan discs surrounding the soil pellets 
and the dosimeter glass pellet gives the average value of 
U content by the relation^ 

Cpp„,(Sample) = Cpp„ (Standard), (1) 

yo(Standard) 

where p represents the induced fission track density and 
Cppm denotes the U content. 

The experimental procedure for uranium estimation in 
water is based on the fission track technique^A 
known volume of water (2 drops ~ 0.04 cm^) of each 
sample was allowed to evaporate on Lexan plastic discs 
(1.3 cm dia) in an air-tight enclosure. The non-volatile 
constituents of water were left over the discs in the form 
of a thin film/scale. The discs were packed in an alumin¬ 
ium capsule and sent for irradiation as in case of soil 
samples. After irradiation, Lexan discs were etched and 
the total number of fission fragment tracks counted. The 
detection limit of this method is 0.01 ppb, with a preci¬ 
sion of 5-10%. U content in water was determined using 
the formula^^ 


TM 

VGN^Ecf(p ' 


( 2 ) 


where T is the total number of tracks counted over the 
disc, M the atomic weight of uranium (238), V the vol¬ 
ume of water drop (0.04 cm^), Aa the Avogadro number 
(6.023 X 10^^), G the geometry factor which is taken as 
unity, E the etching efficiency factor for Lexan plastic, cr 
the fission cross-section for (4.2 x 10"^"^ cm^), and 
(j) the thermal neutron fluence (5 x 10^'"' n/cm^). 

Both the track-etch technique and radon emanometry 
were used to estimate radon concentration in the soil- 
gas. In the track-etch method, a radon-thoron discrimi¬ 
nator^"^, with cellulose nitrate (LR-115 type II) film as 
track recorder, was used. The discriminator was kept in 
the auger hole 60 cm deep for a period of four weeks. 
After retrieval, the detector film was etched in 2.5 N 
NaOH solution at 60°C for two hours. The track 
density was measured by a binocular microscope and the 
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Table 1. Radon and U-concentrations in the soils of different geological areas 




Radon concentration (Bq/1) 

U concentration (ppm) 


Emanometry 

Track-etch method 

Track etch method 

Place 

Min. 

Max. 

Min. Max. 

Min. Max. 

Himachal Pradesh 





Chhinjra 

4.44 ±0.37 

567.68 ±0.37 

9.26 ±7.77 92.87 ±6,66 

6.62 ±0.42 86.93 ± 1.75 

Samurkala 

2.22 ±0.37 

53.65 ±2.59 

3.33 ±0.37 151.33 ±7.77 

2.85 ±0.24 116.14± 3.19 

Kasol 

7.77 ±0.74 

3468.01 ±304.51 

23.68 ± 1.85 4385.61 ± 377.77 5.50 + 0.32 12.89 ±0.55 

Rameda 

6.29 ±0.74 

803.64± 1.11 

101.01 ±7.77 3201.24 ±91.76 

1.85 ±0.11 117.94 + 2.76 

Panjab 





Amritsar 

2.22 ±0.37 

9.26 ± 0.74 

5.92 ± 0.37 13.32 ±0.74 

2.56 (mean value) 


Table 2. 

Rn and U anomalies identified in water samples of western Himalaya 

Sample 


Rn content 

U content 


location 

Area 

(Bq/m’) 

(ppb) 

Remarks 

Shat-Chhinjra 

Kulu 

323.01 ±27.75 

8.02 ± 0.07 

Related to Shat-Chhinjra 
and Kasol mineralization'* 

Kasol (Hot spring) 

Kulu 

364.45 ± 30.34 

37.40 ±0.41 

Related to Shat-Chhinjra 
and Kasol mineralization'* 

Maldeota 

Dehradun 

323.01 ±22.94 

63.40 ±0.40 

Related to mineralization 
of Mussoorie Syncline'^ 

Paritibba 

Dehradun 

203.50 ±23.31 

26.47 + 0.41 

Related to mineralization 
of Mussoorie Syncline'^ 

Jungle-Chitti 

Garhwal 

207.20 ± 22.2 

12.64 ±0.14 

- 

Nand Paryag 

Garhwal 

159.10 + 22.2 

33.40 ±0.30 

Related to Pokhri-Tunji 
mineralization^" 

Nangal (Choe) 

Siwalik 

223.11 ±19.24 

21.08 ±0.24 

- 


radon was estimated by using calibration factor^^ of 
1 track/mmVh = 82.5 x 10^ Bq/m^. 

In radon emanometry, the auger holes, each 60 cm in 
depth and 6 cm dia, were left covered for 24 h. The soil- 
gas probe was fixed in the auger hole and connected to an 
alpha detector in a close-circuit^^. The soil-gas is circu¬ 
lated through ZnS (Ag) coated chamber for 15 min till 
the radon forms a uniform mixture with the air. The detec¬ 
tor was then isolated and radon alpha counts are recorded 
after four hours when equilibrium was established between 
radon and its daughters. The alpha counts were converted to 
radon activity in Bq/w? using the calibration factor^^. 

The apparatus designed for estimation of radon in 
running tap or well water was discarded and the discrete 
sampling method*^ was adopted for convenience. 100 ml 
of each sample was collected in radon-tight reagent bot¬ 
tles of 1 litre capacity and connected to a conical flask 
through a hand-operated rubber pump and a glass bulb 
containing CaCl 2 to absorb moisture. LR-115 type II 
detector foils were kept suspended in the conical flask 
for 15 days. The radon gas was transferred from the rea¬ 
gent bottle to the flask by bubbling water and sucking 
the gas with the help of the rubber pump. This close- 
circuit technique is quite effective in radon estimation in 
dry or wet air. The detector foils were etched in 2.5 N 
NaOH solution at 60°C for 2 h and scanned under a 
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Table 3. Uranium and radon content in the water channels of river 


Ganga 


Sample 

location 

No. of samples 
studied 

U content 
(ppb) 

Rn content 
(Bq/m^) 

Badrinath 

2 

3.95 ±0.07 

65.12± 11.84 

Ram Dungi 

2 

2.39 ± 0.05 

187.96 ± 15.91 

Karan Prayag 

2 

3.56 ±0.07 

133.94 ±25.16 

Rudr Prayag 

2 

4.81 ±0.05 

166.87 ± 18.50 

Dev Prayag 

1 

0.89 ± 0.02 

224.22 + 21.83 

Rishi Kesh 

2 

8.00 ±0.09 

128.39 ± 16.65 

Hardwar 

2 

7.79 ± 0.09 

47.73 ± 11.10 


Olympus microscope at a magnification of 600 x. Track 
density was converted to radon concentration in Bq/m^ 
with a precision of 5-10%. 

Uranium and radon concentrations in the soil samples 
collected from different geological areas of Himachal 
Pradesh in the lower Siwaliks of western Himalaya are 
summarized in Table 1. There are extreme variations of 
radon and U contents even at the same site suggesting 
disequilibrium in the radioactive U-series. The maxi¬ 
mum values of radon are recorded in Chhinjra, Samur- 
kala and Rameda areas of Himachal Pradesh, which are 
identified for the uranium mineralization^^. These results 
are corroborated by the gamma activity and in-situ ura- 
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Table 4 Rn and U contents in water samples of western Himalaya with regional threshold values 

Sample 

location 

No. of 
samples 

Rn content 
(Bq/m^) 

Min. Max. 

Regional 

threshold 

(Bq/m^) 

U content 
(ppb) 

Min. Max. 

Regional 

threshold 

(ppb) 

Kulu 

Kangra 

Punjab Siwaliks 

Garhwal 

Dehradun 

25 

30 

33 

19 

13 

64.38 

34.04 

105.82 

47.73 

130.24 

364,45 

202.76 

223.11 

345.21 

323.01 

231.62 

172.05 

197.21 

212.75 

190.55 

0.89 37.40 

0.20 2.31 

0.42 21.08 

0.89 33.40 

2.41 63.40 

5.62 

2.70 

5.86 

8.01 

8.72 


nium content in the soil of the area. This clearly indi¬ 
cates that radon can be used favourably for the explora¬ 
tion of uranium ore. Radon anomaly is also recorded in 
Kasol which is, however, not correlatable with the uranium 
content in the soil. Generally, the track-etch method 
yields higher radon values compared to emanometry 
because of its integrating nature of measurement. 

Radon and uranium anomalies identified in water 
samples collected from rivers, streams and thermal 
springs of western Himalaya are reported in Table 2. 
The highest value of U content (63.40 ± 0.40 ppb) was 
observed in IVIaldeota area which is related to uranium 
mineralization of Mussoorie syncline'’, with U content 
as high as 612 ppb in the phosphorite samples'". The 
Kasol hot spring also records high U content of 
37.40 + 0.41 ppb and the highest radon concentration 
of 364.45 ± 30.34 Bq/m". The U contents in water sam¬ 
ples of mountain springs falling into river Ganga show 
anomalous values which may be explained due to 
Pokhri-Tunji mineralization^®. It is obvious that radon 
and uranium anomalies reported in Table 2 are related to 
uranium mineralization in the area through which the 
water channels flow. 

Water samples were collected from streams and chan¬ 
nels of river Ganga from Badrinath to Haidwai duiing 
September 1982 and analysed in the laboratory for ura¬ 
nium and radon activity. The results are summarized in 
Table 3. The highest U content in Ganga water was re¬ 
ported near Rishikesh and Hardwar where the river en¬ 
ters the plains. No correlation seems to exist between U 
content and radon activity reported in water samples. 
Similar results were reported by Sarin et al.^ about the U 
content in the river Ganga and its tributaries. The mini¬ 
mum U content of 0.89 + 0.02 ppb is determined at Dev 
Prayag, the junction of Bhagirathi and Alaknanda. How¬ 
ever, the radon content is estimated to be 
224.22 + 21.83 BqW, which is highest for Ganga wa¬ 
ter. The high radon values may be due to radium sepa¬ 
rated from uranium and precipitating for a long time on 
the walls of fractured rocks. 

Regional threshold values of radon and uranium con¬ 
centration in water samples collected from springs, 
streams and rivers of western Himalaya are listed in 
Table 4, along with the minimum and maximum values. 
Regional threshold for uranium in the Ganga river basin 


(Garhwal, Dehradun) is found to be higher than Beas 
and Satluj river basins (Kulu, Kangra and Punjab Si- 
waliks). 
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Holocene valley-fill terraces in the 
Lower Mahi valley, Gujarat 

D, M. Maurya, J. N. Malik, Rachna Raj and 
L. S. Chamyal 

Department of Geology, Faculty of Science, M. S. University of 
Baroda, Baroda 390 002, India 

The geomorphic features of the Mahi valley indicate 
a complex interplay of tectonism and base level 
changes in its evolution. Two distinctive surfaces, an 
older (SI) and a younger surface (S2) have been 
identified. The pre-Holocene surface (SI) is paired, 
highly eroded and extensively dissected surface, 
comprising sand, silt and gravel mainly of fluvial and 
aeolian origin. The younger Holocene surface (S2) 
occurs as unpaired elevated terraces, comprising two 
lithofacies - tidal estuarine mud and sand and fine to 
medium sand of mixed environment. Two phases of 
tectonic uplift and fluctuating sea-levels have helped 
in shaping the landscape of lower Mahi valley. 

The Mahi river is one of the major rivers of Gujarat 
plain. It originates near Sardarpur in Madhya Pradesh 
and after crossing the Aravallis and a vast stretch of 
Gujarat alluvial plains, meets the Gulf of Cambay. The 
Gujarat alluvial plains comprise Quaternary sediments 
which are well exposed in the incised cliff sections 
along the various river valleys^’^. Studies carried out on 
these sediments in the semi-arid basins of Gujarat, viz. 
the Sabarmati, the Mahi and the Narmada have revealed 
an identical depositional and climatic history from 
Middle Pleistocene to Terminal Pleistocene^"^ How¬ 
ever, the geologic evolution of the Gujarat plains during 
the Holocene has remained uninvestigated. The Lower 
Mahi valley, the study area of the present investigations 
(Figure 1) has preserved numerous interesting geomor¬ 


phic features that provide evidences of the evolution of 
this part of Mahi during Holocene, through a complex 
interplay of tectonism, climate and base level changes. 
The sediments that make up the various landforms are 
deposited by marine, fluvio-marine, fluvial and aeolian 
processes"^’^. A detailed field mapping, visual interpreta¬ 
tion of the satellite images (IRS, FCC images on 
1:50,000 scale) and Survey of India topographical maps 
helped in delineating the various landforms and associ¬ 
ated features (Figure 1). Considering the landform 
association, lithology and climatic conditions that pre¬ 
vailed during the deposition of these sediments, an at¬ 
tempt has been made to decipher the morphostratigraphy 
of the lower Mahi basin (Table 1 ). 

The pre-Holocene morphology of the lower Mahi is 
rather difficult to visualize because the Holocene eus- 
tatic sea level changes have considerably modified the 
Lower Mahi Valley. The general topography of the area 
is that of a flat alluvial plain broken only by frequent 
development of ravines. The most conspicuous geomor¬ 
phic features include a long line of imposing river cliffs, 
ravines, unpaired valley-fill terraces, present day point 
bars, and mudflats within the channel. All these geo¬ 
morphic features form two distinctive surfaces; an older 
surface tSl) and a younger surface (S2) (Figure 2). 

The older surface (SI) rising up to 40 m from the river 
level, is paired, highly eroded and extensively dissected 
surface. The surface is characterized by deeply-cut ra¬ 
vines (10-15 m) suggestive of a badland topography. 
The sediments that make this surface date back to Mid¬ 
dle Pleistocene^"^ and are well exposed in vertical cliffs 
ranging in height from 8 to 35 m in the study area. 
These sediments comprise semi-consolidated cross- 
stratified gravels, sands and silts, and multiple palaeosol 
horizons^’^. A very prominent horizon of this older se¬ 
quence is a reddish buried soil in the upper part of the 
sequence, which has been used for inter-basinal as well 


Table 1. Morphostratigraphy of the Lower Mahi valley 


Morphological unit 

Lithology 

Event 

■ Tectonic/Sea level 

Age 

Younger 

Tidal-estuarine mud 

Erosion of younger sequence giving rise to the 

Tectonic uplift of the area 

Late Holocene 

surface 

(S2) 

and sand showing 
mud flasers and 
herringbone structure 
with horizontally 

formation of a terrace, low incised cliffs and 
present day meanders. 


to Recent 


bedded silty sand and 
mud at the top. 

Deposition of tidal estuarine sediments. 

Middle Holocene High sea 

Middle- 
Late Holocene 

Older 

Fluvial and aeolian 

Erosion of the older sequence giving rise to 

Tectonic uplift of the area, 

Early 

surface 

(SI) 

sand and silt with 
cross-stratified 

ravines and incised cliffs. 

rising sea level 

Holocene 


gravels and multiple 
layers of palaeosols. 

Deposition of fluvial sand and silt (punctuated 
' »by episodes of pedogenesis) ending with the 
accumulation of aeolian silt and sand. 


Middle 
Pleistocene to 
terminal 
Plestocene 
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Figure 2. Field photograph showing the two surfaces (SI and S2) at Kothiakhadi. 


as intra-basinal correlations^Radiocarbon dates of 
pedogenic calcretes from this horizon indicate an age of 
22600 yr BP (ref, 7). This is overlain by aeolian sedi¬ 
ments of last glacial age^’^. Roles of climate and tec- 
tonism in the deposition of these sediments have been 
previously highlighted^’®. 


The younger surface (S2) is represented by a low flat 
topped surface that typically corresponds to the mor¬ 
phology of a terrace (Figures 1, 2). It occurs as a series 
of unpaired elevated surfaces along the river channel 
that terminate abruptly against the older surface. These 
terraces are preserved on convex banks of the present- 
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day meanders of the Mahi river indicating their deposi¬ 
tion as channel bars. The height of the terrace varies 
from 3 to 6 m from the river level. The surface shows no 
sign of ravine erosion and is used for agriculture. These 
surfaces are encountered all along the lower Mahi right 
up to the mouth of the river (Figure 1). The low incised 
cliffs ranging in height from 3 to 6 m show the sediment 
nature that makes these terraces. At Kothiyakhadi, a 
3.6-m thick section (Figure 3 a) shows a 0.3 m thick 
horizontally laminated very fine silty-sand at the base, 
overlain by 0.5 m thick mud horizon. The contact be¬ 
tween the two is erosive and is marked by mud flasers 
(Figure 4). Overlying is a 0.95 m thick horizontally 
laminated silty-sand horizon that shows well-developed 
herringbone structures (Figure 4) with an average mean 
current direction 320° NW and 135° SE. This is overlain 
by 0.85 m-thick mud and in turn by 0.7 m thick lami¬ 
nated silty-sand. The top of the succession is capped by 
0.7 m thick mud. The section at Mujpur is exposed as a 
6 m high cliff (Figure 3 b). The exposed sediment suc¬ 
cession shows intercalations of silty-sand and mud and 
is quite comparable to the one exposed at Kothiyakhadi. 
However, the obvious dominance of mud-bearing hori¬ 
zons in the Kothiyakhadi sequence as compared to the 
Mujpur succession (Figure 3 a, b) could be attributed to 
the proximity to the estuary mouth. 

a b 



Silty Sand 




Horizontally Laminated 
Silty-sand 



Mud 



Silty-Sand showing 
Herringbone structure 


Silty-Sand 

|N.X.| Not-Exposed 


Figure Tta. Litholog of the Kothiakhadi terrace section (Surface 
S2); h, Litholog of the S2 surface at Mujpur. 


The entire thickness of the valley fill complex can be 
grouped in two lithofacies, tidal estuarine muds and 
medium to coarse sand, and fine to medium fluvial 
sands. The tidal estuarine facies comprise cross- 
stratified to rippled sand with abundant mud laminae, 
mud flasers and layers of estuarine mud. The present- 
day estuary shows a similar sedimentary facies and this 
facies can thus safely be interpreted as having been de¬ 
posited in a tidal estuarine environment. The fine to 
medium fluvial sands are well sorted and exhibit parallel 
horizontal bedding and wave ripples, indicating a sub¬ 
dued tidal influence as compared to the underlying tidal 
estuarine sands and muds. 

The younger surface (S2) has an important bearing on 
the evolutionary history of the lower Mahi during the 
Holocene. The fact that these deposits occupy the in¬ 
cised valley consisting of Pleistocene deposits suggests 
that these terraces have been deposited during the Mid¬ 
dle Holocene high sea level. The ravine erosion and the 
river incision therefore pre-date the deposition of these 
terraces and could be safely regarded as of early Holo¬ 
cene age. The rise of sea level during the Middle Holo¬ 
cene led to the choking of the river channel resulting in 
the initiation of a new cycle of sedimentation within the 
active channel. The sediments were deposited as bars 
attached to the channel. The deposition never extended 
beyond the channel as the channel itself was confined by 
the steep incised cliffs. 

The alluvial cliffs extend right up to the coast indicat¬ 
ing that the extension of the fluvial deposits is well be¬ 
yond the present-day coastline. The ravine erosion has 
affected even the youngest horizons of the older se¬ 
quences, suggesting that the ravine erosion post-dates 
aeolian sedimentation. The ravine erosion was accom¬ 
panied by fluvial incision within the main channel. The 
heights of the cliffs of the older sequences are directly 
proportional to the incision that occurred during the 
early Holocene. This incision is of the order of at least 
35 m corresponding to the average height of the cliffs. 
The incisions seem to have taken place in a relatively 
short period of time and are not related to the fall in sea 
level. During this period, on the west coast, the sea rose 
very rapidly from 14,500 yr BP to 7,000 yr BP inter¬ 
vened by a still stand from 12,500 to 10,000 yr BP (ref. 
9). This suggests that lower Mahi experienced tectonic 
uplift during early Holocene. The uplift of the area^°’^^ 
during early Holocene resulted in the formation of ex¬ 
tensive ravines and steep cliffs along the river valley. 
The uplift took place along the pre-existing Cambay 
basin faults. 

The phase of ravine erosion and river incision ceased 
as the sea level reached the post-glacial maximum dur¬ 
ing the Middle Holocene*^’^^, leading to the formation of 
a depositional wedge which extended upstream. The rise 
of sea level led to aggradation within the channel with 
deposits ranging from non-marine (fluvial), through es- 
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Figure 4. Field photograph showing the herringbone structures and 
mud flasers in the Kothiakhadi section. (Length of the pen in the 
picture is 16 cm). 


tuarine (tidal) to open marine. The sediment fill of the 
incised Mahi river therefore seems to be quite complex. 
The rise of base level combined with landward migrat¬ 
ing tide-limit and its associated grain size barrier ef¬ 
fect’"^, impedes transport of fluvial material downstream 
from the landward migrating bayline^^ This resulted in 
the accumulation of transgressive tidal-estuarine sand 
and mud deposits onlapping the fluvial channel. How¬ 
ever, the depositional wedge mentioned above extended 
well beyond the bayline as evidenced by the fluvial ter¬ 
races in the upstream parts as well. This means that the 
rise in sea level led to the deposition of tidal sediments 
within the bayline and beyond it fluvial sedimentation 
was initiated. It should be mentioned here that the trans¬ 
gression was within the river channel only and even the 
highest tides could not reach the top of the ravinal sur¬ 
face. This is indicated by the younger surface made up 
of tidal-estuarine deposits that are incised and abut 
against the older sequence (Figure 2). Consequently the 
sediments supplied to the valley from the upstream dur¬ 
ing the Holocene were deposited as aggrading trans¬ 
gressive-tidal facies that overlapped the lowstand 
channel as the valley was transformed from a fluvial 
incised valley into an estuary. The younger terrace 
shows a maximum incision of 6 m. Since the sea level is 


presumed to have remained at the same level with minor 
fluctuations^^’^^, the incision of the lower terrace can be 
attributed to another phase of tectonic uplift that per¬ 
haps continues even today. 
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Dharmsala and 1991 Uttarkashi 
earthquakes by available empirical 
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*Wadia Institute of Himalayan Geology, Dehradun 248 001, India 

The attenuation characteristics of the observed peak 
accelerations as a function of distance and magnitude 
for the 1986 Dharmsala (m/, 5,5) and the 1991 Uttar¬ 
kashi (iHb 6.5) earthquakes have been compared with 
the empirical relations for various regions of the 
world. The relation of Abrahamson and Litehiser, 
obtained using a world-wide data set, is found to be 
capable of predicting the Uttarkashi acceleration 
data and that of Peng et al, for China describes the 
Dharmsala data set quite well up to a distance of 
24 km. Thus, the above two adjacent regions in 
Himalaya are characterized by different attenuation 
properties which are a reflection of the nature of 
the upper crustal rocks present in the respective re¬ 
gions. 

The prediction of the peak ground accelerations due to a 
severe earthquake is necessary for the assessment of 
seismic effects on structures and their mitigation. The 
peak value of horizontal acceleration is one of the im¬ 
portant parameters that is considered in the earthquake 
safe seismic design of engineered structures. Accord¬ 
ingly, several studies have been done to obtain attenua¬ 
tion relations of peak ground accelerations for various 
regions of the world'"’^. Most of these studies are based 
on regression or multiple regression analysis of large 
data sets of strong motion acceleration records. In India, 
strong motion seismology started to develop only re¬ 
cently in the 1980s with the deployment of strong 
ground motion instruments in the Himalaya. The first 
strong motion records were obtained in Himalaya in 
1986 (ref. 13). Subsequently, the Uttarkashi earthquake 
of magnitude m/, 6.5 in Garhwal Himalaya was also re¬ 
corded. Other data sets are available for a few earth¬ 
quakes in the eastern Himalaya which have different 
seismo-tectonic characters. However, the data sets ob¬ 
tained thus far for a specific region are not adequate to 
allow multiple regression analysis for obtaining distance 
attenuation laws. In this study, we investigate whether 
any of the available regressions are able to predict ob¬ 
served peak accelerations as a function of distance and 
magnitude for the 1986 Dharmsala (m^ 5.5) and the 
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1991 Uttarkashi (m/, 6.5) earthquakes. The utility of this 
study is twofold: 

(i) The attenuation relation which gives a good fit with 
the observed strong ground motions in Himalaya 
can be used in estimating the acceleration due to 
future large earthquakes to estimate seismic hazard 
of the region. 

(ii) Some semi-empirical techniques for the estimation 
of peak ground accelerations and envelopes of the 
accelerograms (e.g. Midorikawa*"^) are very sensi¬ 
tive to the attenuation relation used and therefore to 
apply such techniques in Himalaya, an appropriate 
attenuation relation is required. 

A model based on the attenuation of body waves in an 
inelastic medium from a point source is given by^’’^'"’ 

log(y) = flo + ci\M •+• ci 2 r + ci-i log (r), 

where Y is the response variable under consideration, M 
is the magnitude, r is distance between the source and 
the recording station and rj/’s are the coefficients to be 
determined. The term a^r represents the inelastic at¬ 
tenuation, and the term cij, log(r) represents the geomet¬ 
rical spreading. 

The above model does not consider the depth of the 
crustal source. Ground motion of deeper earthquakes 
(within the crust) is generally stronger than that of 
shallower earthquakes with the same magnitude and the 
source distance^^ The effect of the local ground condi¬ 
tion is another important factor influencing the ground 
motion amplitudes. A regression model which takes care 
of depth as well as local ground condition along with 
other parameters is given by 

log(y) = ao + cixM + air H- <23 log(r) + a^H + c, 

where H is the depth in kilometers of the point in fault 
plane that is closest to the recording site and c is a co¬ 
efficient representing the local site effect at the record¬ 
ing site. 

In addition to the magnitude, distance, and site condi¬ 
tions, there are two other independent parameters which 
affect the attenuation relation. These are fault type (i.e. 
strike slip, normal, normal oblique, reverse or reverse 
oblique) and tectonic environment (interplate or intra¬ 
plate). 

A number of empirical relationships have been devel¬ 
oped for various regions of the world. Some of the at¬ 
tenuation relations have incorporated the various 
parameters noted above (e.g. references 11, 16, 17). We 
have examined ten attenuation relationships, which are 
summarized in Table 1, for finding a suitable relation 
that may predict the observed data set of the earthquakes 
under consideration. We note that differing definitions 
of distance and response variable are used in these re- 
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Table 1. Comparison of attenuation relations for different regions of the world 


Reference 

number 

Attenuation relation 

Region 

Magnitude 
scale used 

Distance 

used 

Response 

variable 

1 

In (a) = 3.40 + 0.S9M- 1.17 In (R) 

Western USA 

Richter 

Hypocentral 

Peak hor. acc. 

3 

log (a) = - 0.474 + 0.6i3A^.v - 0.873 
log(r) - 0.00206;' 

N.E. China 

Surface wave 

Epicentral 

Mean of peak hor. acc. 

3 

log (a) = 0.437 + 0.454M,, - 0.739 
log(r) - 0.00279J- 

S.W. China 

Surface wave 

Epi central 

Mean of peak hor. acc. 

4 

log(n) = 2.3664 + 0.313M - 1.218 
log(;' + 30) 

Japan 

Japan Met. 
Agen. (JMA) 

Epicentral 

Resultant 

2 

log(«) = 1 + 0.56m;, - 1.5 log (R) 

Western Canada 

Body wave 

Hypocentral 

Peak hor. acc. 

2 

log(rt) = 0.53 + 0.56/77 /j - 1.5 log (R) 

Eastern Canada 

Body wave 

Hypocentral 

Peak hor. acc. 

9 

InCr/*) = — 1.62 + 1.24/;//, ~ 1.24 In (R + 25) 
log(^;*) = - 0.62 + 0.177A^, - 0.982 
log(/? + exp(0.284MA.) + 

0.132F- 0.0008£:7? 

F = 1 for reverse and 0 otherwise 

E = i for interplate and 0 for 
intraplate events 

Central USA 

Body wave 

Hypocentral 

Peak hor. acc. 

6 

World wide 

Surface wave 

Hypocentral 

Peak hor. acc. 

7 

log(/rO = - 1.06 + 0.245M, - 0.00045/? 

-1.016 log(/?) +0.25/" 

P - 0 for 50 percentile and 1 for 

84 percentile 

Europe 

Surface wave 

Hypocentral 

Peak hor. acc. 

12 

log((iO = 1.14 + 0.31- 0.6151og(/?) 

North India 

Body wave 

Hypocentral 

Peak hor. acc. 


a, Acceleration in cm/s'^s; Acceleration in M, ;n/„ Ms-: Magnitude; R & r, Distance (km). 



Figure 1, Locations of the epicenter of the 1986 Dharmsala earth¬ 
quake and the recording stations. 



Figure 2. Location of the epicenter of the 1991 Uttarkashi earth¬ 
quake and the recording stations. 


gression relations. Similarly, alternative magnitude 
scales are used in some of them. Accordingly appropri¬ 
ate values for these parameters were obtained from the 
observed data sets for analysis in the present study. 

The 1986 Dharmsala and the 1991 Uttarkashi earth¬ 
quakes provide us with an opportunity to see if any of 

544 


the available attenuation relationships are able to predict 
the observations in Himachal and Garhwal Himalaya 
satisfactorily. The Dharmsala earthquake (m/, 5.5, M,. 
5.3; U.S.G.S.) was recorded at nine sites^^ The epicen¬ 
ters reported for this earthquake by three agencies 
namely DEQ, IMD and USGS are not coincident. In the 

CURRENT SCIENCE, VOL. 73, NO. 6, 25 SEPTEMBER 1997 






RESEARCH COMMUNICATIONS 


present study, we have adopted the following xiypocen- 
tral parameters as reported by DEQ since it best fits the 
observed data: 

Origin time: 7 h 35 m 16.42 s 
Latitude: 32.175°N; Longitude: 76.287°E 
Depth: 7 km 


Figure 1 shows the location of the epicenter of the 
earthquake along with the recording stations. Table 2 
lists the peak accelerations of the horizontal compo¬ 
nents, their resultant as well as their mean^^ 

The Uttarkashi earthquake having a magnitude m/, 6.5 
(Mx 7.0; LF.S.G.S.) was recorded at thirteen stations^^. In 


Table 2. Peak accelerations of the horizontal components recorded in the 1986 Dharmsala earth¬ 
quake 


Station 

Epicentral 
distance (km) 

Hypocentral distance 
(km) 

Clnvdx - T (cm/s^) 

Mean 

(cm/s^) 

Resultant 

(cin/s^) 

Bandlakhas 

24.40 

25.38 

142.49 

122:36 

132.4 

144.0 

Baroh 

19.55 

20.77 

57.56 

56.17 

56.9 

60.4 

Bhawarna 

24.40 

25.38 

36.49 

34.72 

35.6 

38.0 

Dharmsala 

5.39 

8.83 

172.21 

182.89 

177.6 

237.6 

Jawali 

26.40 

27.31 

14.87 

16.55 

15.7 

18.7 

Kangra 

8.80 

11.24 

144.97 

109.43 

127.2 

157.4 

Nagrota-Bagwan 11.43 

13.40 

14,5.54 

78.59 

112.1 

145.6 

Shahpur 

10.08 

12,27 

200,17 

243,20 

221.7 

263.9 

Sihunta 

23.28 

24.31 

50,41 

35.32 

42.9 

57.0 

Table 3. Peak 

accelerations 

of the horizontal components recorded 
earthquake 

in the 1991 

Uttarkashi 


Epicentral 

Hypocentral distance 

^max “* 

Mean 

Resultant 

Station 

distance (km) 

(km) 

^hnax T (cm/s^) 

(cm/s^) 

(cm/s~) 

Aim ora 

159.46 

159.77 

17.41 

21.02 

19.22 

22.27 

Barkot 

53.07 

54.00 

93.18 

80.47 

86.83 

103,88 

Bhatwari 

16.75 

19.51 

248.37 

241.89 

245,13 

271.63 

Ghansiali 

41.68 

42.86 

115.59 

114.89 

115.24 

141.98 

Karnprayag 

73.26 

73.94 

60.99 

1135 

69.17 

84.74 

Kosani 

149.22 

149.56 

28.34 

31.50 

29.92 

31.58 

Koteshwar 

64.06 

64.84 

98.85 

65.23 

82.04 

99.08 

Koti 

97.79 

98.30 

20.64 

40.95 

30.80 

41.09 

Purola 

72.83 

73.51 

73.95 

91.68 

82.82 

96.13 

Rudraprayag 

59.88 

60.71 

52.29 

50.76 

51.53 

65.27 

Srinagar 

62.06 

62.86 

65.44 

49.45 

57.45 

65.77 

Tehri 

52.47 

53.41 

71.41 

61.13 

66.27 

73.63 

Uttarkashi 

33.36 

34.83 

237.27 

303.99 

270.63 

313.09 
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this study, we have used the following hypocentral pa¬ 
rameters as reported by PDE (October 1991). 

Origin time; 21 h 23 m 14.3 s 
Latitude: 30.780°N; Longitude; 78.774°E 
Depth: 10km 

Figure 2 shows the epicenter of the Uttarkashi earth¬ 
quake along with the recording stations. The peak accel¬ 
erations of the horizontal components, their vectoi 
resultant and their arithmetic mean are given in Table 3 
(ref. 19). 

The observed horizontal peak accelerations for the 
Dharmsala earthquake and the ten regressions examined 
here are shown in Figure 3. We note that the regressions 
use a variety of magnitude scales and distances. An ap¬ 
propriate conversion was made w'hile preparing these 
graphs for proper comparisons. A cursory examination 
shows that none of the regressions is adequate to satis¬ 
factorily predict the observed acceleration values at all 
the distances. The regression for western United States , 
Europe\ world-wide data set^ Indian data set'^, central 
United States®, eastern Canada^ and Japan'^ shown in 
Figures 3 a-d, /, g and j all show a much slower at¬ 
tenuation rate and over-predict the acceleiations at 
larger distances of 20—30 km. Moreover the regressions 
for Europe and western and eastern Canada over-predict 
the accelerations even at shorter distances as well. This 
suggests that the geological composition of rocks com¬ 
prising of Neogenc thick Siwalik sediments are com¬ 
paratively more attenuating than the rocks of other 
regions which are comprised of considerably older'for¬ 
mations. The attenuation rate in the western United 
States (Figure 3 a) is similar although a little lower than 
in Dharmsala region. The regression for China^ shown 
in Figures 3h and I is closest to the empiiical data ol 
Dharmsala earthquake in terms of the rate of decay. Of 
these two, the one for south-west China predicts the 
observations satisfactorily up to a distance of about 
24 km although we note some scatter in the observed 
values. 

The observed acceleration values for the Uttarkashi 
earthquake are compared with the regressions in Figure 
4. In this case the regressions for eastern Canada (Figure 
4/), central United States (Figure 4g), north-east as 
well as south-west China (Figures 4 /t and i) and Japan 
(Figure 4j) predict much higher accelerations at all the 
distances as well as show weaker attenuation with dis¬ 
tance. The relation for India shows a much weaker at¬ 
tenuation rate, though it better predicts the acceleiations 
at shorter distances (Figure Ad). For obtaining the re¬ 
gression for Indian data set, distinction has not been 
made between the crustal earthquakes of Himachal and 
Garhwal Himalaya and the deeper earthquakes of east¬ 
ern Himalaya which seems to be the cause for the ob¬ 
served misfits. The regressions for western United 
States and Europe have comparable attenuation lates to 

546 


»1000 .-d 


100 .-i 


McGuire (1978) 
western U.S.A. 



10 i 1 I I I t I t I I M I 

0 8 16 24 32 40 48 56 

Hypocentrol distance(Km.) 


«1000 , 


lAmbraseys h 

Bommer (1991) 
Europe 


100 



10 


I I M T"1 T-T-n'-in-r 
0 8 16 24 32 40 48 56 

Hypocentral distance(Km.) 


^1000 d 


100 d 


; Abrahamson 
! &c Litehiser (1989) 
World wide 



10 I 1 1 I I"! I M I'T'n” 

0 '8 16 24 32.40 48 56 

Hypocentral distance(Knn.) 


: Singh et ol. (1996) 
■ north Indio 


"1000 d 


100 M 



10 I I I I I I I I ■ 1 "T n n - r-. 

0 8 16 24 32 40 48 56 

Hypocentral distance(Km,) 


SilOOO d 


o 100 d 



10 i I I I rT -[ I I I I I | T- 
0 8 16 24 32 40 48 56 

Hypocentral distonce(Km,) 



Hypocentral distance(Km.) 


j Campbell (1989) 
. central U.S.A. 


^1000 d 


100 d 


I I I I 1 1 I M I I n 
0 8 16 24 32 40 48 56 

Hypocentral distance(Km.) 


: Peng et al. (1985) 
. north east China 


^1000 d 


100 d 



I I I ! I M M n 

0 8 16 24 32 40 48 56 

Epicentral distance(Knn.) 



M I I M i "M M r ~r. 
8 16 24 32 40 48 56 



I I I I I " T I M I iT~r~. 

6 8 16 24 32 40 48 56 

Epicentral distance(Km.) 


Epicentral distance(Km.) 

Figure 3. Plot of the observed accelerations with distance for 
Dharmasala earthquake and the values predicted by the empirical 
regressions. O, largest peak horizontal accelerations; A, mean of the 
horizontal components for the peak acceleration; □, resultant hori- 
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the observed ones but both predict higher values at all 
the distances (Figures 4 a and b). The regressions for 
world-wide data set and western Canada (Figures 4 c 
and e) are fairly close to the Uttarkashi data. However, 
since the regression for world-wide data set is consid¬ 
ered better at shorter distances where the predictions are 
more important, it is preferred over the other one. The 
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Figure 4. Plot of the observed accelerations with distance for Uttar- 
kashi earthquake and the values predicted by the empirical regres¬ 
sions. O, largest peak horizontal accelerations; A, mean of the 
horizontal components for the peak acceleration; □, resultant hori¬ 
zontal acceleration. 


scatter of the observed values with respect to this re¬ 
gression is small in most of the cases. 

We find that in general the seisrao-tectonic regions 
are characterized by their specific attenuation relation 
governed by the respective geology and seismic regime. 
In the absence of observations of accelerations for a 


number of earthquakes in the same region, it is not pos¬ 
sible to develop region-specific predictive regressions. 
However, the comparisons for the Uttarkashi earthquake 
data with the regressions from other regions of the world 
show that the regression for the world-wide data set is 
satisfactory for predicting the same. On the other hand 
for the Dharmsala data set the regression for south 
China^ is satisfactory up to a distance of about 24 km. 
Thus the Dharmsala and Uttarkashi areas which lie in 
adjacent sectors of Himalaya have different attenuation 
characteristics. This is a reflection of the geological dif¬ 
ferences between the two regions. In the Dharmsala area 
which shows a higher attenuation rate, a thick Neogene 
Siwalik sedimentary lid forms the upper crustal layers. 
These layers are comparatively less consolidated and 
also contain gravel and boulder beds which promote 
attenuation of waves by scattering. Uttarkashi lies in the 
Lesser Himalaya where the upper layers are composed 
of the Paleozoic metasedimentary rocks. The attenuation 
rate here is lower, which is in keeping with the consoli¬ 
dated and hard nature of the rocks. Thus the observa¬ 
tions are consistent with the geological compositions of 
the two regions. 

This investigation has focussed on the need to use 
region-specific attenuation relations for assessment of 
expected peak accelerations for proper seismic hazaid 
assessment. In order to develop such relations, it is re¬ 
quired to instrument Himalaya intensively so as to col¬ 
lect the needed data sets. 
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MEETINGS/SYMPOSIA/SEMINARS 


School on Cosmic Ray Astrophysics 

Date; 3-14 November 1997 
Place: Ooty 

This school sponsored by TIFR and lUCAA is open mainly to 
research scholars and research workers actively interested in the 
area of Cosmic Ray Astronomy and related fields. Topics include. 
General Astronomy; Optical Astronomy; Theoretical and 
Observational X-ray Astronomy; Theoretical and Observational 
Gamma Ray Astronomy; Gamma Ray Bursts; Theoretical and 
Observational Cosmic Ray Physics; Neutrino Astronomy; Radio 
Astronomy; Statistics and Simulation Studies; Basic Electronics 
and Data Acquisition Systems. 

Contact: The Coordinator 

Core Programmes, lUCCA 
Post Bag 4, Ganeshkhind 
Pune 411 007 

National Seminar on Sustainable Environment 

Date: 4-6 November 1997 
Place: Alwakurichi 

Topics include: Current environmental status (terrestrial and 
aquatic); Industrial toxicology; Industrial wastewater treatment; 
Biological waste utilization and recycling; Impact of agriculture 
and aquaculture on environment and Environmental sustainability. 

Contact: Dr S. N. Sukumaran 

Sri Paramakalyani Centre for Environmental 
Sciences, Manonmaniam Sundaranar University 
Alwarkurichi 627 412 
Fax and Phone: 04634—83270 (O) 

0461-328937 (R) 

National Workshop on Electron Microscopy: Its 
Application in Biological and Materials Sciences 

Date: 10-13 November 1997 
Place: Calcutta 

Course content: Introduction to electron microscopy; Fundamentals 
of electron optics and instrumentation; Principle of working of 
electron microscope image formation; Scanning electron 
microscope - the instrument; Transmission electron microscope- 
the instrument; Specimen (biological) preparation techniques in 
electron microscopy; Electron microscopy for materials 
characterization; Thin film studies with electron microscope; 
Application of EM for studying biological specimen; Application 
of electron microscope for studying geological samples; Other 
topics of current interest. 
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Contact: Dr A. K. Ghoshal 

University Science Instrumentation Centre 
Jadavpur University, Calcutta 700 032 
Phone: 033-472-0321 (O), 472-4445 (R) 

Pax: 91-33-473-4266, 033-473-6236 

National Symposium on Microbes in Plant 
Improvement and Environmental Protection 

Date: 23-24 December 1997 
Place: Delhi 

Focal themes include: Microbial transformations in biomass 
production; Biological control of plant diseases; Rhizosphere 
microbiology for enhanced plant productivity; Plant surface 
microbiology in relation to plant metabolism; Microbial 
transformations of hazardous compounds. 

Contact: Dr Ved Pal Singh 

Organizing Secretary, NSMPIEP 
Department of Botany 
University of Delhi 
Delhi 110 007 

Phone: 7257725/318, 7257573 

DAE Solid State Physics Symposium 

Date: 27-31 December 1997 
Place: Kochi 

Subjects include: Phonon physics; Electron states and electronic 
properties; Magnetism and magnetic properties; Semiconductor 
physics; Physics of defects and disordered materials; Transport 
properties; Superconductivity and superfluidity; Liquids, liquid 
crystals and plastic crystals; Phase transitions and critical 
phenomena; Surface and interface physics; Non-equilibrium 
phenomena in solids; Physics of complex systems; Resonance 
studies and relaxation phenomena; Neutron scattering techniques; 
Computational condensed matter physics; Solid state devices, 
techniques and instrumentation. 

Contact: Dr M. Ramanadham 

Convener, DAE SSPS97, 

Solid State Physics Division 

Bhabha Atomic Research Centre 

Trombay, Mumbai 400 085 

Fax: +91-22-5560750, 5560534 

Telex: 011-61017 BARC IN, 011-61022 BARCIN 

E-mail: ssps@magnum.barc.ernet.in 

CURRENT SCIENCE. VOL. 73, NO. 6, 25 SEPTEMBER 1997 



BOOK REVIEW 


The Rustless Wonder: A Study of the 
Iron Pillar at Delhi. T. R. Ananthara- 
man. Vigyan Prasar, C-24, Institutional 
Area, New Delhi 110 016. 1996. 


While it is generally conceded that 
ancient India had naade seminal contri¬ 
butions to mathematics, astronomy, 
medicine and metallurgy, definitive 
studies are lacking. The grand sweep of 
Joseph Needham’s magnum opus of 
Science and Civilization of China is yet 
to be experienced by Science and Civi¬ 
lization in India, However, it is encour¬ 
aging to note that of late there is 
increasing interest in such studies in 
India. A recent initiative is the Study 
Group on Ancient Metallurgical Heri¬ 
tage of India set up by the Indian Na¬ 
tional Academy of Engineering. 

The metallurgical heritage of India is 
indeed spectacular. Of the eight met¬ 
als - gold, copper, silver, iron, zinc, 
lead, tin and mercury - known since 
antiquity, Indian contributions are 
striking for at least three of them. Zinc 
was extracted for the first time in the 
history of mankind in the Zawar area of 
Rajasthan nearly 2500 years ago. The 
Iron Pillar at Delhi stands as a remark¬ 
able achievement of the mastery of 
Indians over the production of iron. 
Wootz steel, an anglicized version of 
the Kannada term ukku for steels, was 
the- most advanced material of the first 
millennium. Produced by the craftsmen 
of the Deccan plateau, it defied the in¬ 
genious experiments of Michael Fara¬ 
day, reputed to be the greatest 
experimentalist of all times, to replicate 
it. Additional areas of metallurgical 
interest are the lure and lore of gold in 
Indian mythology and history, the cast 
bronze figurine of the dancing girl of 
Mohenja Daro, the Chola bronze idols 
made by the lost wax process and the 


bronze mirrors of Kerala. Recent studies 
of these subjects are throwing further 
light on these developments. The 
monumental volume by A. K. Biswas 
and Sulekha Biswas, Minerals and 
Metals in Ancient India, was recently 
reviewed in these columns. 

The present book under review deals 
with one of the major objects of Indian 
metallurgical heritage, namely the Delhi 
Iron Pillar. This massive pillar weighs 
over 6.5 tons and stands tall over 7.16 
meters. Located near the Qutab tower in 
Delhi, it has towered over India in a 
geographic sense from the capital and in 
a historic sense over a millennium and 
more. As Robert Hadfield had observed, 
‘it is one of the finest specimens of 
ironwork produced until modern times; 
indeed it is only within the last century 
or so that any European ironmaster 
could have undertaken to produce such 
a forging’. There are several questions 
about this ancient marvel - almost 
amounting to a whodunnit. When was it 
erected? Who commissioned it? How 
was it made? Why does it resist corro¬ 
sion? 

No one is more suited to address 
these questions than T. R. Ananthara- 
man, an eminent physical metallurgist 
and a renowned Sanskrit scholar. Few 
will be as qualified as the author to 
quote the poet, Bhartrhari and the 
metallurgist Sir Robert Hadfield, almost 
in the same breath. This elegantly pro¬ 
duced book is just over 100 pages long. 
But in a gripping narrative, Ananthara- 
man traces the origin of the pillar, its 
mode of fabrication and its unusual 
corrosion resistance. The book is in the 
form of an annotated commentary citing 
both literary and metallurgical sources. 
The conclusions are that Emperor 
Samudra Gupta had it erected in circa 
AD 370-375 as a flagstaff for a temple 
of Vishnu. The eulogy was inscribed in 


the pillar circa AD 380-385 by his son 
King Chandra. The iron pillar was made 
by forge welding lumps of iron. Its cor¬ 
rosion resistance can be traced mainly 
to its composition. 

The book gives a brief and lucid de¬ 
scription of the evolution of iron tech¬ 
nology. While one chapter traces the 
growth of iron technology in India, it 
would have been helpful to have placed 
it in a global context in terms of its 
evolution in China and the Middle East. 
In fact a serious question to be ad¬ 
dressed is whether a given metallurgical 
technology was first developed at one 
place and then spread to other regions 
via cultural diffusion and trade routes or 
multicentric origins occurred. The 
author favours the latter possibility with 
respect to iron technology in India. 
Additional archaeological and scientific 
studies in India and elsewhere are nec¬ 
essary before really definitive answers 
can be given to many of the questions 
addressed in this book. 

It is intriguing to note that the refer¬ 
ences have been given at the end in both 
chronological and alphabetical order. 
The duplication could have been 
avoided. A more serious flaw is the 
absence of links in the text to the refer¬ 
ences. 

This book is the first of a series 
promised by Vigyan Prasar, It has set 
the tone for the subsequent volume on 
the bronze icons of South India. Allur¬ 
ingly titled When Gods came Alive and 
edited by Baldev Raj, C. Rajagopalan 
and C. V. Sundaram, its issue will be 
eagerly awaited. 


S. Ranganathan 

Department of Metallurgy, 

Indian Institute of Science, 

Bangalore 560 012, India 


Edited and published by Prof, P. Balaram and Prof. S. Ramaseshan, Current Science Association, Bangalore 560 080 
Typeset by Wintecs Typesetters (Ph: 3327311), Bangalore 560 021, Printed at Printek Printers, Bangalore (Ph: 3357763). 
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On the 50TH 


iNnFPENPFNCE ANNIVERSARY^ 


TlFAC PAYS ITS 
TRIBUTES TO INDIA AND 

reaffirms its commitment 

TO HER TECHNOLOGICAL 

FUTURE. 


Since inception, TlFAC has been playing a pivotal role in the development 
promotion of technologies. By bringing out numerous well-researched business 
ooportunity reports on emerging technologies in the key areas. Indispensable or 
decision makers in the Government and the corporate sector. 

TlFAC: Landmark Achievements 

• TlFAC study on 50 years of Indian Science and Technology achievements. 

• Technology Vision: 2020 for India-future technologies and business directions for 
the next 25 years. • Over 1 70 reports on technology linked business opportunities. 

• Patent and Technology information services. ♦ Three Mission-mode programmes 
on (a) Fly-ash. (b) Sugar Technology (c) Advanced Composites. • Over twenty 
indigenous technology development projects. 


Celebrating 
The Golden 
Jubilee 
of India's 
Independence 

A 


lecnnoiogy o ,c +91-11-686 3866, 685 7643. 


o r p o r a i e p a r 


k .CO rn / t I f a c 
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DEPARTMENT OF CHEMISTRY 
UNIVERSITY OF RAJASTHAN, JAIPUR 

Applications are invited for the post of a Junior Research Fellow on a three-year DAE 
Project "Organometallic Chemistry of Platinum Group Metal Complexes" under Dr R. K. 
Bansal, Associate Professor. 

Qualification: M Sc (Chemistry). NET/GATE-passed candidates will be preferred. 
Fellowship: Rs 2500/- p.m. + HRA. 

Applications on plain paper giving details of qualifications, experience, etc. should reach 
Dr Bansal, Department of Chemistry, University of Rajasthan, Jaipur 302 004 on or before 
10 October 1997. 

Dr (Mrs) Sudha V. Jain 
Head 



UNIVERSITY OF PUNE 
PUNE 


RECRUITMENT OF SENIOR RESEARCH FELLOW/JUNIOR RESEARCH FELLOW 

Applications are invited for the post of SRF/JRF on a research project ‘Studies on energies 
and angular distribution of protons and alpha particles... emitted from Zr and Zn on 
interaction with 14 MeV neutron’. Sanctioned by DAE, Mumbai to Prof. V. N. Bhoraskar, 
Department of Physics. 

Qualifications: M Sc (Physics) with at least 55% marks. 

Experience: 2 years research work In Radiation Physics/Nuclear Physics or related field, for 
the post of SRF. 

Fellowship: Rs 2800/- p.m. for SRF and Rs 2500/- p.m. for JRF (+HRA if admissible) 

Duration: Approximately 3 years, post is purely temporary for duration of project. 

*ln case applications from candidates with 2 years research experience are not received, 
applications will be considered for the post of JRF. 

Application on plain paper giving details of qualifications, experience, etc. should reach 
Prof. V. N. Bhoraskar, Investigator Incharge on or before 30 September 1997. 

Advt. No. 41 Subhaschandra Bhosale 

Date: 28 August 1997 Registrar 
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INDIAN INSTITUTE OF ASTROPHYSICS 

CMw KORAMANGALA, bangalore 560 034 

NOTIFICATION NO. IIA/BPD. Proj/97 

Applications are invited for the foilowing posts for a three-year DAE-sponsored Project on ‘RELATIVISTIC 
MANY-BODY THEORY OF PARITY NONCONSERVATION IN ATOMS’. 

1. JUNIOR RESEARCH FELLOW 

Qualifications: M Sc in Physics, Chemistry or Mathematics. 

Stipend: Rs 2500/- per month for two years and can be enhanced for the third year in accordance with 
DAE rules. 

2. RESEARCH ASSOCIATE 

Qualifications: Ph D in Theoretical Physics or Theoretical Chemistry with a knowledge of relativistic 
quantum mechanics, eiementary many-body theory and knowledge of Fortran programming. 

Stipend: Rs 3500 per month. However, a higher amount can be paid in accordance with DAE ruies to 
candidates with several years of post-doctoral experience. 

Candidates interested in applying for the above mentioned posts shouid send a copy of their curriculurti 
vitae/bio-data and two letters of reference to Professor B. P. Das, NAPP Group, Indian Institute of 
Astrophysics, Koramangala, Bangalore 560 034 by 15 October 1997. 


astra-ccmb symposium on molecular 

ASPECTS OF MICROBIAL PATHOGENESIS 


Date: 11-13 January 1998 

Place: Centre for Cellular and Molecular Biology, Hyderabad 

Astra Research Centre India (ARCI, Bangalore) and the Centre for Cellular and Molecular Biology 
(CCMB Hyderabad) are jointly sponsoring the above symposium on the campus of CCMB at 
Hyderabad, scheduled for 11-13 January 1998. The symposium is intended to bring together 
scientists from Sweden and India working on infectious microorganisms, to share their research 
findings which may have new opportunities for developing drug or immunotherapeutic interventions 
for infectious diseases. The symposium is open to participants from the R&D laboratories of 
pharmaceutical industry and academic institutions. However, the number 
limited to thirty (30) due to limitation of space. Applications are invited from interested individuals 
to reach one of the addresses given below on or before 15 October 1997. Please send your 
application on your company/department letterhead. Selected candidates will be notified before 15 
November 1997. There Is no registration fee but the participants are required to make their 
own travel and hotel reservations. 

Late date for receiving applications: 15 October 1997. 


Write to: 

Dr S. Anand Kumar (Fax: 080-3340449) 
Astra Research Centre I ndia 
Post Box 359, Malleswaram 
Bangalore 560 003 


Professor D. Balasubramanian 
Director 

Centre for Cellular and Molecular Biology 
Hyderabad 500 007 
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Flying Buttresses, 

Entropy and O-Rings 

The World of an Engineer 
James Adams 

This book takes you on an enlightening tour of engineering 
and technology, demystifying such endeavours as design, 
research and manufacturing. 

"The less you know about engineering, the more this is a must 
read book.” 

- Donald E. Petersen (Retd. Chairman, Ford Motor Company) 


ISBN 81 7371 086 4 


272pp. 


Rs 190.00 


The Refrigerator 

and the Universe _ 

Goldstein, M. & Goldstein, I. 

This book explains the laws of thermodynamics for science 
buffs and neophytes alike. It describes how the law follows 
from the atomic theory of matter with examples of their 
applicability to such diverse phenomena as the radiation of 
light from hot bodies, the formation of diamonds from graphite, 
how blood carries oxygen and the history of the Earth, 
"...provides a very readable and informative account of a 
difficult topic.” 

- George J, Flynn (SUNY at Plattsburgh, New York) 


ISBN 81 7371 085 6 


Rs 225.00 


Address 


What Makes Nature Tick 

Roger Newton 

This book discusses solitons, super-conductors, quarks, 
strings, phase space, tachyons, time, chaos and 
indeterminacy, as well as the investigations that have led to 
their elucidation. 

"...it is intended for non-scientists who know very iittie 
mathematics." 

- David Mermin (Cornell University, New York) 


ISBN 81 7371 083 X 


264pp. 


Rs 150.00 


Planet Earth 

The View From Space _ 

James Baker 

This book explains extant space-based satellites and their 
instruments and describes the areas in which operational and 
research missions are gathering ever-increasing data — on 
Earth-Sun interaction, land vegetation patterns, the 
atmosphere and the Earth's gravity field. 

"With many illustrations and easy-to-understand language, 
...(this book) is a concise handbook for those interested in an 
introduction to Earth satellites." 

~P.L Tarter in Commonwealth Journal 


ISBN 81 7371 084 8 
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INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss current trends 
in research in a field that will be of interest to readers outside 
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In this issue 


Insect pests ~ the continuing 
battle 

We wish to maintain much higher 
population densities of humans than is 
ecologically reasonable. One of the 
many tricks we have to employ to 
make this possible, is to grow food 
plants at ecologically unreasonable 
densities. This in turn generates many 
problems, not the least of which, is the 
outbreak of insect pests. With charac¬ 
teristic arrogance we unleashed a 
chemical warfare on insect pests, the 
disastrous consequence of which is 
only too well known to the layman and 
specialist alike. Sobered by the health 
hazards caused by synthetic chemical 
insecticides and by the development of 
resistance by the intended target or¬ 
ganisms, we embarked on a less 
arrogant technology - we began to 
engineer plants so that they carried 
genes for resistance that were present 
in other organisms such as the bacte¬ 
rium Bacillus thuringensis, for exam¬ 
ple. Even this seems to have met with 
no great success. With this further 
blow to our confidence in controlling 
nature, a new, much more modest 
approach is in sight. Attempts are now 
being made to understand how plants 
naturally respond to and evade (to the 
extent they can) pest attack. Once this 
is understood, the idea is to help plants 
enhance their own ability to do so. 
Intuitively, one feels that such an 
approach, based as it is on learning 
from nature and improving upon her 
methods (rather than on unleashing an 
independent warfare), is more likely to 
be successful. Whether or not we will 
be more successful this time around, 
the facts about plant responses to 
insect attack that we are learning in the 
bargain, are turning out to be espe¬ 
cially fascinating. A number of cases 
have now been documented where 
plants express resistance to insects 
only after an initial attack rather than 
carry around resistance all the time. 
What is more, information about an 
attack and hence a message to prepare 
for it, seems to travel from the 


damaged part to unaffected parts and 
prepare the plant for future attacks. As 
you might expect, all this is mediated 
through chemical messengers which 
are appropriately dubbed ‘Sentinels of 
plant defense’. On page 576 of this 
issue, T. N. Ananthakrishnan provides 
an overview of this fascinating chapter 
in Chemical Ecology. 

Raghavendra Gadagkar 

Pollination by deceit ? 

Who is not fascinated by insectivorous 
plants like the Indian pitcher plant, 
Nepenthes khasiana, which produces a 
chemical to attract midges, mosquitoes 
and other small flies for its nitrogen 
needs. There are certain plants belong¬ 
ing to families Araceae and 
Asclepiadaceae that attract and trap 
insects for an altogether different pur¬ 
pose - pollination. Sumesh Dakwale 
and S. Bhatnagar report in this issue 
(page 606) a case of an aroid, 
Theriophonum crenatum, pollinated 
by blood-sucking midges! Interest¬ 
ingly, these midges are crepiscular or 
nocturnal in their activity and T 
crenatum flowers produce, as the 
authors claim, a stench, probably re¬ 
sembling a strong odour of an animal, 
in the evening hours. No doubt, midges 
come to the flowers in hundreds. The 
inflorescence structure is such that, 
midges that enter get trapped. There 
are other interesting things as well. 
The inflorescence has both male and 
female flowers. The female flowers 
become receptive first, when the midges 
enter the inflorescence and the male 
flowers dehisce pollen only the follow¬ 
ing day. Thus it is inevitable that the 
midges have to be retained inside the 
inflorescence for almost 24 hours, at 
the end of which there will be a rain of 
pollen grains on the midges; the gates 
then open allowing the poor captives 
to flee, but only to be trapped in 
another inflorescence. Well, the plant 
is actually fooling the midges, without 
paying anything for the service. We do 


not know when these midges get a 
blood meal, and how they reproduce, 
because for many species of midges 
and mosquitoes a blood meal is a must 
for egg production. 

The questions of a larger interest 
that remains to be answered are, which 
are the hosts of these midges? Do the 
plant species and the animal hosts 
share a common habitat? And what is 
the chemical involved? It of course 
would be veiy interesting to ponder 
how the system evolved. 

V. V. Belavadi 


On symmetry 

Symmetry means different things to 
different people. The widespread im¬ 
portance of symmetry in all the sci¬ 
ences and in the arts is emphasized by 
Rajaraman on page 570. Symmetry, 
like beauty, often lies in the eyes of the 
beholder. Symmetry and beauty are of 
course not synonymous, with many 
surveys concluding that the most beau¬ 
tiful faces (a majority perception) are 
often unsymmetrical. The role of sym¬ 
metry in science is all pervasive, 
permeating fields as disparate as or¬ 
ganic chemistry and particle physics. 
The enormous excitement that per¬ 
vaded chemistry in the years following 
the discovery of buckminsterfullerene 
(C^^j) may in part be attributed to the 
remarkable symmetry of its structure. 
To a bystandar, the shared symmetries 
of an inanimate carbon form and an 
icosahedral virus are spectacular; evi¬ 
dence of the importance of shape and 
foiTn in nature. The importance of 
symmetry is most often underscored 
not only by its presence, but also its 
absence. Rajaraman concludes that 'tlie 
role of symmetry in the arts is often 
secondary' although he tempers this 
judgement by invoking 'a reflection 
symmetry between what is present in 
the work of art and what lies in the 
psyche of the viewer/listener'. 

R Balaram 
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Darwinian style ... 

We read Ganeshaiah’s article^ with 
interest. The article is lucid, informative 
and analytical. It raises important issues 
on adaptation, natural selection and on 
Panglossian paradigm". We would like to 
respond to the article as the author has 
used our paper^ exclusively to prove his 
points of view. 

Cardamom-honeybee system is an ideal 
system to test several hypotheses in pol¬ 
lination ecology. When we started our 
studies, one of the basic questions that 
bothered us was the great difference 
between corolla tube length and the pol¬ 
linator’s proboscis length. They just do 
not correspond and the honeybees do not 
seem to fit into the system at all. But 
several studies have proved beyond doubt 
that honeybees are the perlect pollinators 
of cardamom"^'^". 



Corolla tuba ollamater {mm] 


Figure 1. Relation between corolla tube 
diameter and style thickness. The top 
diagonal line indicates the limit of style 
thickness where It is equal to corolla tube 
diameter and a thickness close to it would 
result in little or no nectar available. The 
actual functional domain for style thickness 
may fall anywhere between the lower limit 
(curve) and the second diagonal line which 
approximately equals corolla diameter 
minus the proboscis thickness of pollinators 
(indicated by arrow). Style thicknesses of 
cardamom and its related genera fall within 
this domain, a: Cardamom; b: Hedychium 
sp. 1; c; Alpinia sp. 2; d: Alpinia galanga\ 
e: Amomum sp. 1. 


The style in the corolla tube of carda¬ 
mom does not stand all by itself. It is 
supported by the stamen tube. Hence the 
morphospace available can be wider than 
envisaged by Ganeshaiah (see figure 3 
in ref. 1). The functional domain for style 
thickness as proposed by him suggests 
that the difference between the diameter 
of the corolla tube and the style thickness 
should not be too high. Supposing the 
corolla tube diameter is 1 mm, the style 
thickness should be almost 1 mm. In case 
that the style would be so thick that the 
quantity of nectar available would be too 
less and probably there will not be any 
room for the proboscis even. Keeping 
this in mind, we plotted the style thickness 
of cardamom (Elettaria cardamomum) 
and its related genera, viz. Alpinia, 
Amomum and Hedychium {Elettaria is a 
monotypic genus), against their respective 
corolla tube diameters. We see that none 
of these species fall close to the upper 
limit of functional domain (Figure 1). 
And hence, we suggest that the functional 
domain should extend from the lower 
limit of the style thickness till about the 
diameter of the corolla tube minus the 
thickness of the proboscis of the polli¬ 
nator. When the functional domain is 
wider, it is reasonable to assume that a 
selection on the thickness of style could 
operate to balance the cost/benefit for the 
plant and the pollinator. Within this func¬ 
tional domain, there is a possibility of 
existence of variation in thickness, and 
the plant population experiences a higher 
or lower probability of successful polli¬ 
nation of a larger or a fewer number of 
flowers, and in turn result in a greater 
or lower fitness. Since a thicker style 
allows bees to take more nectar (because 
they can draw it from a deeper level)^, 
bees with a constraint on their crop 
capacity (40lLLl)^ would visit far fewer 
flowers. Thus it is reasonable to presume 
that the plant tends to olfer less nectar 
on each visit, in order that more flowers 
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are visited by a bee. This it achieves by 
reducing either the rate of nectar produc¬ 
tion or nectar availability. The latter is 
probably achieved by valuation in style 
thickness. And definitely there should be 
a limit for the thickness up to which 
bees can effectively draw more nectar. 
Beyond this limit the quantity of nectar 
stored itself will be lower and the bee 
will be at a disadvantage. 

With whatever information on style 
thickness we have at present, we hypo¬ 
thesize that style thickness also might 
have contributed for evolution of the 
system, even if we are dubbed as adap- 
taionists akin to ‘smart, articulate tourist 
guides’, at least, till more data is generated 
on more number of species. 


1. Ganeshaiah, K. N., Curr. Sci., 1997, 73, 
225-227. 

2. Gould, S. J. and Le wont in, R. C., Proc. 
R. Soc. London, 1979, B205, 581-598. 

3. Belavadi, V. V., Venkateshalu and Vivek, 
H. R., Curr. Sci„ 1997, 73, 287-290. 

4. Siddappaji, C. and ChannaBasavanna, G. P., 
in Proceedings of the II International Con¬ 
ference on Apic. Trop. Clim., lARI, New 
Delhi, 1983, pp. 640-648. 

5. Belavadi, V. V. and Parvathi, C., in Pol¬ 
lination in Tropics (eds Veeresh, G, K., 
Umashaankar, T. and Ganeshaiah, K, N.), 
lUSSI Indian Chapter, 1993, pp. 73-76. 

6. Parvathi, C., Shadkshari, Y. G., Belavadi, 
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Regional Research Station, 
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... or a Panglossian guile? 


Belavadi and Yivek (BY) point out that 
the functional domain might not be along 
the diagonal of the morphospace limited 
by the diameters of corolla tube and of 
style as defined in my commentary* 
because (a) corolla has other structures 
as well in it (e.g. anther tube), and (b) 
there shall be a certain (minimum) 
threshold diameter of the nectar column 
in the corolla tube such that honey bee 
derives at least a certain amount of reward 
on visiting a flower. However, if we 
denote the vertical axis of morphospace 
(corresponding to corolla) as the effective 
diameter of the corolla available after 


accommodating for both (a) and (b) 
above, then effectively the functional 
domain defined and the argument thereof 
in my article do not change; natural 
selection would still shape the style to 
move the system to such newly defined 
functional domain. 

Second, while I do not disagree with 
BY’s suggestion that style could be sub¬ 
jected to natural selection, my caution 
was that one cannot be too sure. In fact 
one major reason for comparing their 
argument with the Panglossian paradigm 
was that they state in the abstract of their 
paper that ‘plant facilitates pollinators to 


NEWS 

Quasicrystals* 


The past fifteen years have witnessed 
several fascinating discoveries in materials 
science. Among them the discovery of 
quasicrystals in 1984 by Dan Shechtman 
and his co-workers led to a paradigm 
shift in our understanding of atomic con¬ 
figurations in the solid state'. Equally 
remarkable is the discovery of a new 
allotrope of carbon by H. W. Kroto et air 
in 1985. This beautiful molecule has 
been christened as Buckminsterfullerene. 
In 1986, J. G. Bednorz and K. A. Mueller 
astounded the world by their announce¬ 
ment of a high temperature supercon¬ 
ducting ceramic material^ This succession 
of new materials has presented the ma¬ 
terials scientists with an embarrassment 
of riches. These three seminal discoveries 
have attracted an extraordinary effort from 
the scientific community. Thus we find 
in 1995 W. W. Mullins in his Yon Hippel 
Award address before the Materials Re¬ 
search Society of the USA emphasizing 
them as milestones in the evolution of 
materials science^ In 1996 Alan Cottrell 
in the Inaugural Hirsch Lecture at Oxford 
University, UK described the three 
developments as ‘surprises in materials 


^Report of the Sixth International Conference 
on Quasicrystals (ICQ6) held in the University 
of Tokyo, Japan from 26 to 30 May 1997. 


science’ and forecast future surprises^. In 
all the three areas the Indian scientists 
have made significant contributions. Here 
we report the developments in one field, 
namely quasicrystals, as captured in a 
recent conference. This conference was 
a continuation of the international meet¬ 
ings on quasi crystals, with the first five 
meetings being held at Les Houches 
(France, 1985), Beijing (China, 1987), 
Yista Hermosa (Mexico, 1989), St. Louis 
(USA, 1992) and Avignon (France, 1995). 
The ICQ6 was organized under the joint 
Chairmanship of T. Fujiwara and S. 
Takeuchi and sponsored by the Yamada 
Science Foundation, Japan (under the 
banner of Yamada Conference, XLYII) 
and supported by various societies such 
as the Physical Society of Japan, the 
Japan Institute of Metals and the Japan 
Society of Applied Physics. Nearly 200 
delegates participated in the conference 
Ixom more than twenty countries, mainly 
from Japan, Germany, France, China, 
USA and India. This time, there were 
five participants from India-S. Ranga- 
nathan (IISc.), U. D. Kulkarni (BARC), 
N. K. Mukhopadhyay (NML), Arvind 
Sinha (NML) and Alok Singh (IGCAR). 
S. Ranganathan chaired one session. The 
conference was divided into 19 sessions 
where 45 and 145 papers were presented 


draw more nectar, by keeping the style 
within, and that the thickness of style 
may have some significance in the evo¬ 
lution of the system’. Till they demon¬ 
strate the role of natural selection, BY 
cannot escape from the pangs of the 
Panglossian paradigm. 


K. N. Ganeshaiah 


Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, 
GKVK, Bangalore 560 065, India 


in oral and poster sessions respectively. 
A night session was also organized on 
28 May at the National Olympic Youth 
Memorial Centre for young researchers. 


Major results reported at the 
conference 

The topics of presentation were classified 
into eleven categories. The topics along 
with the number in square bracket, indi¬ 
cating the number of papers in the par¬ 
ticular topic, are as follows: 

(i) Mathematical physics and generali¬ 
zation of crystallography [32]; (ii) Crys¬ 
talline and related cluster compounds [12]; 
(iii) Metallurgy: Sample preparation and 
phase diagram [22]; (iv) Phase stability 
[20]; (v) Defects: Point defects, phasons, 
dislocations and diffusions [7]; (vi) 
Dynamical properties: Phonons and pha¬ 
sons [9]; (vii) Mechanical properties: 
Elastic and plastic properties [15]; (viii) 
Electronic properties: Optical, transport 
and magnetic properties [45]; (ix) Appli¬ 
cations: Processing, coating and nanos¬ 
tructures [5]; (x) Structure [15]; (xi) 
Surface [8]. 

Subjectwise, the themes can be broadly 
grouped as synthesis, structure, stability. 
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properties and applications. Some of the 
interesting issues which made the con¬ 
ference scientifically very illuminating 
and exciting, are discussed here. 

Synthesis 

New decagonal phases were reported in 
Mg-Zn-RE (RE = rare earth elements) by 
An Pang Tsai’s group in National 
Research Institute of Metals (NRIM), 
Japan. It is the first time that the existence 
of a decagonal quasicrystals in Mg-Zn 
base systems was established. The vari¬ 
ation of diffraction patterns depending on 
composition and processing conditions 
was well documented in Mg-Zn~Ho sys¬ 
tem. K. H. Kuo’s group in China dis¬ 
covered the existence of decagonal and 
icosahedral phases in many Ga-base sys¬ 
tems such as, Ga-Cu~Fe, Ga-Co-Cu, Ga- 
V--Ni(Si) systems. They also confirmed 
the stability ranges of decagonal and 
icosahedral quasicrystals in terms of com¬ 
position and temperature. In Ti-base qua¬ 
sicrystals, a stable icosahedral phase was 
found for the first time by K. F. Kelton’s 
group (USA) in Ti-Zr-Ni system. It 
should be noted that earlier, stable quasi¬ 
crystals were only available in Al-base 
and Mg-base quasicrystals but not in Ti- 
base quasicrystals. A new type of 1/1 
rational approximant (RA) structure, 
which is different from a-(Al-Mn—Si) 
type was also identified by them along 
with possible structural modelling. Pre¬ 
viously, it was believed that RA of Ti-base 
quasicrystal is Mackay Icosahedral type, 
but in this conference it was demonstrated 
that the Bergman clusters are more domi¬ 
nant than the Mackay clusters. In Al- 
Fe-Cu, so far no cubic RA was reported. 
However, in Al-Fe-Cu-Si system, 1/1 
RA structure which is similar to a-(Al- 
Mn-Si) structure was presented in this 
conference. 

Structure 

The importance of pursuing tiling theory 
in the context of structural solution of 
QC was emphasized by several authors. 
The issue of single tile-based generation 
of Penrose tiling and single point based 
approach of quasilattice along with col¬ 
oured Penrose tiling were addressed in 
this conference. It may be recalled that 
V. Sasisekharan did pioneering work in 
this area in India nearly a decade ago. 
A five-coloured Penrose tiling was used 


to characterize screw dislocations in 
decagonal quasicrystals. Most of the 
efforts were devoted to investigate the 
stmctures and properties mainly of Al- 
Pd-Mn, Al-Fe-Cu, Al-Co-Ni and Mg- 
Zn-RE systems. Though the structures 
are not yet completely sorted out uniquely, 
it was realized that the higher dimensional 
crystallography is the more suitable and 
convenient way to develop the method¬ 
ology towards structural solutions. The 
important issue which was discussed in 
greater depth was the structural aspects 
of quasicrystal, i.e. ‘where are the 
atoms?’. A. Yamamoto’s group (NRIM 
at Tsukuba, Japan) has demonstrated that 
their structural modelling compared to 
others yielded more satisfactory results 
on Al-Co-Ni decagonal phases, though 
the reliability factor is far from the stand¬ 
ards of conventional crystallography. V. 
Elser of Cornell University presented 
structural modelling of Al-Pd~Mn quasi¬ 
crystal based on the Bergman clusters 
rather than the Mackay clusters which 
used to be the case earlier. The discussions 
on these aspects have pointed out the 
need to pursue the structural modelling 
work based on other types of icosahedral 
clusters as well and ultimate success 
would be tested through R-factor. How¬ 
ever, the approach seems to be worth 
pursuing to solve the structure uniquely. 
It is felt that coherent and consolidated 
efforts must be aimed at the structural 
solution and the responsibility of coordi¬ 
nating the efforts and developing a data 
base was assigned to V, Elser with the 
aim of finding some solution by the year 
2001 . 

Stability 

The stability of quasicrystals is an 
important issue to explain to the origin 
of many subtle effects observed in elec¬ 
tron, neutron and X-ray diffraction 
patterns. It was shown that processing 
and compositional variation played an 
important role in stabilizing the quasi¬ 
crystalline phases. It is not surprising to 
encounter the conflicting results obtained 
from the same system by various groups. 
Therefore, it is important to mention the 
processing condition while discussing the 
stability aspects of the quasicrystals. 
Order-disorder transformation in icosahe¬ 
dral and decagonal phase was discussed. 
It was also seen that transformation from 
one superstructure to another superstruc¬ 


ture appeared to be possible. For example, 
in Al-Pd-Mn, simple icosahedral, face 
centred icosahedral and diamond type 
superstructures were reported. Issues such 
as diffuse arcs, streaks and diffuse spots 
are yet to be explained based on structural 
details. 

Properties 

Electronic properties of quasicrystals were 
extensively reported in the conference. 
The experimental evidence of electrical 
properties of QC demonstrated a 
pseudogap in the density of states near 
Fermi level. This phenomenon was ex¬ 
plained by several groups on the basis 
of the complex motif present in the struc¬ 
ture. It was also interesting to note that 
electronic properties of quasicrystals are 
more perturbed than those of approxi- 
mants, perhaps because an aperiodic struc¬ 
ture scatters the electrons more effectively 
than a periodic structure, which was sub¬ 
scribed to by many workers. The metal- 
insulator transition in Al-Pd-RE systems 
reported by the French group indicated 
the importance of understanding the trans¬ 
port phenomena of QC. It is also found 
that higher order RA structures, whose 
lattice parameters are more than 2.0 nm 
have similar properties compared to QC. 
A unique and new type of magnetic 
property coined as quasi magnetism was 
reported in Mg-Zn-RE based quasi crys¬ 
tals. Neutron diffraction results revealed 
the coexistence of narrow and wide mag¬ 
netic peaks as well as the anomalous 
temperature dependence of these peaks, 
indicating the possibility of the presence 
of two different scales of magnetic cor¬ 
relation. Mechanical properties were also 
measured in many stable QC and dis¬ 
cussed from the view point of their 
deformation behaviour. It was found that 
at high temperatures, material flow may 
be due to dislocation movement rather 
than grain boundary sliding or weakening. 
The dislocation movements, interaction 
and multiplication in QC was demon¬ 
strated by Knut Urban’s group in 
Germany. 

Applications 

It was shown by A. Inoue’s group that 
bulk icosahedral alloys with high tensile 
strength, large elongation and high impact 
fracture toughness can be fabricated by 
the warm extrusion of atomized Al-base 
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powders consisting mainly of nano-scale 
icosahedral phase embedded in an FCC 
phase. This area promises to open up 
new application such as a new type of 
Al-base composite alloys which may 
replace many commercial composite 
alloys. Ti-based QC alloy was shown by 
Kelton’s group to possess the potential 
for hydrogen storage. The use of Al-base 
QCs was being used as efficient coating 
material with increased wear-resistance 
and non-sticking property and it was 
patented by J. M. Dubbois’s group 
(France) earlier. Surface properties of 
these QCs were discussed with interest. 

Concluding remarks 

The activities on quasicrystals are 


expected to continue and throw more 
light on unresolved issues. Apart from 
finding new systems of quasicrystals, a 
new type or class of quasi crystals along 
with more insight towards structure, 
stability, properties and new directions 
for potential technological applications 
seems to be happening. Therefore one 
can hope to get a better understanding 
and exciting results in this field by the 
7th International Conference on Quasi¬ 
crystals which is scheduled to be held 
in Stuttgart, Germany in 1999. It is per¬ 
tinent to point out that the Indian scientists 
have made pioneering contributions in 
the area of quasicrystals^. As a recognition 
to Indian science, it has been recom¬ 
mended by the International Advisory 
Board to hold the 8 th International Con¬ 


ference on Quasicrystals in India in the 
year 2001. 
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RESEARCH NEWS 

Is cAMP necessary for Dictyostelium development? 

M. Azhar and Vidyanand Nanjundiah 


‘Redundancy’ has become a major puzzle 
in this age of genetic engineering: if 
doing away with the activity of a gene 
does not cause any difference to the 
phenotype, why is that gene there in the 
first place?* The situation is especially 
embarrassing when an organism appears 
capable of carrying on, to all appearances 
normally, without a supposedly essential 
gene product. A recent paper by Wang 
and Kuspa^ makes this point forcefully 
by showing that haploid amoebae of 
Dictyostelium can complete a normal life 
cycle in the absence of acaA, the gene 
that encodes aggregation-specific adenylyl 
cyclase. To understand why this is so 
startling, one needs to go back to the past. 

Ever since 1967, when it was first 
discovered^, a series of elegant experi¬ 
ments have added evidence upon evidence 
in favour of the thesis that adenosine 
3'-5" cyclic monophosphate (cAMP) is 
the agent of communication between 
Dictyostelium amoebae. Indeed, cAMP- 
based signaling in Dictyostelium dis- 
coideum came to be regarded as a 
paradigm for intercellular communication 
in all of developmental biology. (Here 
we are talking of an unusual ‘first mes¬ 
senger’ role for cAMP over and above 
that of the ubiquitous ‘second messen¬ 


ger’.) The life cycle of D. discoideum 
involves feeding, aggregation (following 
starvation) and differentiation into two 
cell types. Differentiation is initially 
apparent as a spatially segregated pattern 
of presumptive stalk (prestalk) and pre¬ 
sumptive spore (prespore) cells within the 
multicellular aggregate (the slug), and 
latter as a mass of spores supported by 
a stalk of dead cells'*. Each spore can 
germinate and give rise to an amoeba 
that can feed, grow and divide by mitosis 
and the cycle begins anew. Aggregation 
is caused by the secretion of a diffusible 
chemical attractant^ and by the cell-to-cell 
transmission of an oscillatory signal^'^. 
cAMP synthesized and released peri¬ 
odically by starved amoebae, is capable 
of attracting competent cells from a dis¬ 
tance and can be relayed from one cell 
to another**. The beautiful concentric and 
spiral waves of cell density that are seen 
during aggregation are overlaid by waves 
of cAMP concentration^ This last finding 
appeared to clinch the case for cAMP as 
a combined chemoattractant and transmit¬ 
ter that both mediated long-range inter¬ 
cellular signaling and was responsible for 
aggregation. 

More was to follow. Genes that encoded 
products required for aggregation were 


shown to be specifically inducible by 
extracellular cAMP, and by pulsatile sti¬ 
muli at that*“. Harking back to classic 
experiments that demonstrated a positive 
spatial correlation within the slug between 
the ability of cells to release chemo¬ 
attractant and their eventual fate**, it 
appeared that cAMP, by evoking a dif¬ 
ferential chemotactic response in the two 
presumptive cell types, could also be 
responsible for the spatial patterning of 
cell types in the slug*^. Finally, in com¬ 
bination with another small molecule, 
DIF, cAMP was shown to act as an 
inducer of cell type-specific gene expres¬ 
sion*^ -though, surprisingly, the cell type 
that was induced corresponded to regions 
in the slug where cAMP levels appeared 
to be, relatively speaking, on the lower 
side. 

Adenylyl cyclase is the enzyme that 
catalyses the formation of cAMP from 
ATP. D. discoideum has two adenylyl 
cyclase genes. One is expressed during 
development (acaA) and other during 
spore germination (acaG). acaA~ mutants 
are unable to aggregate, but the deficiency 
can be overcome by subjecting cells to 
a regime of extracellular cAMP pulses 
followed by a steady concentration*'*. 
Extracellular cAMP cannot enter the cell*^ 
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and works via binding to surface recep- 
tors^^. cAMP binding induces a rapid 
transient increase of intracellular cAMP 
that is released in turn as a pulse, thereby 
extending the effective range of attrac¬ 
tion’’^. 

A cAMP-dependent protein kinase 
(PKA) appears to play a central role in 
the signal transduction pathway within 
the cell. Dictyostelium PKA has single 
regulatory (R) and catalytic (C) subunits. 
The C unit becomes dissociated from R, 
and thereby activated, upon the binding 
of cAMP to R. Details of the ‘down¬ 
stream’ pathway remain to be understood 
but a host of mutant phenotypes testify 
to the central role of PKA. When the 
gene that encodes R is mutated (Rm) to 
a condition in which it can no longer 
bind cAMP or is constitutively over¬ 
expressed, a dominant negative phenotype 
results: cells do not aggregate’’^. Similarly, 
a pka-C~ strain also does not aggregate’^^. 
Expression of Rm under prestalk- or 
prespore-specific promoters yields a phe¬ 
notype in which differentiation of mature 
stalk or spore cells i» blocked^^’’^’. The 
absence of a functional R subunit, or 
overexpression of pkaC, leads to rapid 
development and the formation of spores 
at low density^"’^^. Overexpression of 
pkaC under a stalk-specific promoter 
blocks development^"’. Further testimony 
to the importance of PKA is provided 
by the observation that a steady level of 
a membrane-permeable cAMP analogue 
and PKA agonist, 8-Br-cAMP, can induce 
terminal differentiation of both cell types. 
What all this tells us is that the main 
effect of intracellular cAMP, formed in 
response to the activation of acaA by 
extracellular cAMP, is channelled via the 
activation of PKA. As regards extra¬ 
cellular cAMP, the picture that has been 
built up so far is that upon binding to 
surface receptors it induces (a) cell 
aggregation, (b) expression of aggrega¬ 
tion-specific functions, (c) cell-type spe¬ 
cific gene expression, and (d) the spatial 
patterning of aggregated cells. 

The paper by Wang and Kuspa^ casts 
serious doubts on this picture. They 
started with the acaA~ mutant and trans¬ 
formed it such that the C subunit of PKA 
was expressed constitutively [acaA~(pka- 
C)]. Astonishingly, acaA~{pka-C) cells 
produced no measurable cAMP but 
showed normal development, generated 
streams during aggregation, and went on 
to differentiate and gave rise to morpho¬ 


logically normal fruiting bodies. In par¬ 
ticular, they formed migrating slugs that 
displayed a normal prestalk-prespore 
pattern and, later on, a normal proportion 
of differentiated cell types. Except that 
they appeared slightly later, a number of 
cell-type specific genes {cotA, ecmA, and 
spiA) displayed expression patterns that 
were very similar to those in the wild 
type. Apart from the glaring discrepancy 
between these findings and the belief that 
extracellular cAMP is essential for 
aggregation, the hypothesized role of 
extracellular cAMP for proper prestalk- 
prespore patterning^^ is also called into 
question. 

These findings bring to mind puzzles 
thrown up by earlier studies on Die- 
tyostelium. Based on the observation that 
cell movement and cell orientation seemed 
to be regulated independently, Gerisch et 
al?^ had hypothesized that amoebae of 
D. cliscoideum might release two factors 
capable of evoking one or the other of 
the two responses. With hindsight, we 
can see that one of the factors may be 
something other than cAMP. The 
non-aggregating mutants Agip53 and 
HSBl can express develop men tally- 
regulated gene products and (in the case 
of Agip53) aggregate and differentiate 
when stimulated by cAMP pulses. But 
they do so without any increase in 
intracellular cAMP, and so presumably 
without activating PKA (however, cAMP 
pulses cause a transient increase in the 
cGMP level in these mutants^^’^*). Pitt et 
al}^ found that in acaA~. cells, treatment 
with 2"-deoxy cAMP (a cAMP analogue) 
can activate cell surface cAMP receptors, 
though not cAMP-dependent PKA, and 
lead to the expression of prespore- and 
prestalk-specific genes as well as fruiting 
body formation. Therefore cells can dif¬ 
ferentiate in the absence of intracellular 
cAMP, meaning either in the absence of 
PKA activation or with the help of an 
as yet unknown activator of PKA. Thus, 
stimulation of PKA by cAMP is not 
necessary for development. Because there 
is no doubt that the effects of cAMP are 
mediated by cell surface receptors and 
signal-transducing G-proteins, this implies 
that there is a signal transduction pathway 
that does not require intracellular cAMP^‘^. 
It has been suggested that cAMP- 
independent PKA activity could also be 
due to mismatching in the levels of the 
R and C subunits or to stimulation by 
compounds other than cAMP, such as 


cGMP or calcium. (Given the enormous 
range of effects that it has on intercellular 
communication, gene expression and cell 
differentiation in D. discoideum, Ca^*^ is 
a good candidate^^’’^’.) 

The chief lesson of the Wang-Kuspa 
paper is that signaling molecules other 
than extracellular cAMP can mediate cell 
sorting and patterning in D. discoideum. 
There may be precedents in other Dic- 
tyostehds: the dipeptide glorin^^’^^ and 
pterin derivatives^"’ are chemoattractants 
that drive cell aggregation in Poly- 
sphodylium and D. lacteum, respectively. 
It will be interesting to see whether they 
are used as backups in D. discoideum 
when extracellular cAMP is missing. On 
the other hand, there is a positive aspect 
to the findings: ail the effects of intra¬ 
cellular cAMP would appear to be chan¬ 
neled via PKA. PKA alone can derive 
aggregation of cells, cell-type proportion¬ 
ing, post-aggregative gene expression and 
differentiation. There is a discrepancy as 
well, in the sense that earlier works had 
shown that overexpression of pkaC under 
stalk-specific promoters^"’ could prevent 
aggregation; the explanation might lie in 
the precise levels of expression in the 
two sets of experiments. PKA is a key 
player in Drosophila cell fate determina¬ 
tion^^ and the present findings may have 
a bearing, not only on Dictyostelium re¬ 
search, but also on issues pertaining to 
the development of higher organisms. 
Needless to say, all speculations carry a 
caveat. Namely, they stand or fall de¬ 
pending on the reliability of the obser¬ 
vation that acaG remains inactive in the 
acaA~ line - something that is known not 
to be true under certain conditions'^. 

Coming back to the point that we 
started with, what do the present results 
tell us about redundancy? In order to 
answer this question we need to draw 
attention to the two phenotypic effects 
that Wang and Kuspa^ did observe in 
acaA~(pka-C) cells. The first was a slow¬ 
ing down in development. From starvation 
to completion of fruiting body formation, 
it took 36 h as against 24 h in the wild 
type (this delay was also reflected in a 
delay in developmental gene expression). 
The second effect was more interesting. 
Wild-type cells can aggregate at densities 
of about 5x10"’ amoebae/cm^ and above; 
in the case of the mutant, on the other 
hand, the critical density was 5.5x10^ 
amoebae/cm^. Thus, aggregation in the 
mutant may be driven more by cell-cell 
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contacts than by attraction at a distance. 
Extracellular cAMP may be crucial for 
the formation of aggregates at the low 
cell densities that may occur under natural 
conditions. Also, because aggregation is 
the first step of a defensive response to 
a stressful environment, it stands to reason 
that more rapidly the subsequent deve¬ 
lopment ensues, the better. In short, there 
is no doubt that the wild type combination 
of acciA and pkaC confers a higher fitness 
under certain conditions than the acaA~ 
(pkaC) construct does. The implication 
is that cAMP is not ‘redundant’ in the 
usual sense of the term (the acaA~ mutant 
is unable to develop). But, because normal 
development can be restored by over¬ 
expressing pkaC in an acaA~ background, 
the system must have means available 
whereby it can make do without cAMP: 
not a backup pathway, perhaps, but cer¬ 
tainly other gene products whose func¬ 
tions overlap with those of cAMP. The 
upshot is an organism that exhibits a 
degree of resilience far beyond anyone’s 
expectation. 
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Micro-organisms as fish feed in fish industries 


Prakash B. Bhosale 

Aquaculture has emerged as an important 
industry during last decade and is prac¬ 
tised in more than 150 countries in the 
world. Global aquaculture industiy is 
worth about 30 billion US $ (ref. 1) and 
is growing at the rate of about 10%. 
Asia is considered to be cradle for 
aquaculture. Asian countries contribute 
85% of the total production and Japan 
shares a major part of it. Considerable 
part of Japanese economy relies on the 
fish market. Various new efforts are 
always in action to improve the quality 
of the fish as well as to nourish the 
market. Feed and feeding are crucial ele¬ 


ments of aquaculture. Feed cost ranges 
from 30 to 60% of the total culturing 
cost depending upon the type of fish and 
culture system. Various rotifers, plant 
extracts, stout’s viscera, soyabean meal, 
etc. are normally employed as the feed. 
Although there are reports of micro¬ 
organisms causing mortality of fish 
faunae from last few years thrust has 
been on the use of micro-organisms as 
the feed. 

Various algae, yeasts and bacteria have 
been employed as a primary and/or sec¬ 
ondary feed in the recent years. Algae 
such as Chlorella, Haematococcus, 


Spirulina were found to be useful for 
growing young fish. In the recent times, 
purple sulphur bacteria (PSB), Rhodobac- 
ter capsulatus, has been employed in the 
artificial feed of the fish larvae. Microbial 
cells as food supply additional nucleic 
acids, proteins, vitamins and various min¬ 
erals along with the carotenoids. Micro¬ 
organisms are nutritious source of energy, 
Phajfia rhodozyma^'"^, Rhodotorula and 
other pigmented yeasts impart red fleshy 
colour to the meat of salmon, trout and 
Red seas bream and thus are used as the 
product quality feed. Astaxanthin is a 
major pigment present in Phaffia 
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rhodozyma along with ^^-carotene, zeax- 
an thin, lutein, salmoxanthin, etc. All of 
which are supplemented well with L- 
ascorbic acid, 2-glucoside, potato starch, 
soyabean meal, krill powder and other 
base substances. Fish given this feed ap¬ 
pears to accumulate more of the pigment 
in the tissue and thus appears red which 
naturally draws better market. Astaxan- 
thin-supplemented diet has been found to 
shorten the moulting cycle of the prawn 
Panaeus japonicus^. Carotenoids avoid 
lipid peroxidation which increases the 
shelf life of the fish, /^-carotene is also 
employed as the source of vitamin A for 
those fishes which can split the carotene 
molecule. Care should be taken to avoid 
oxidation and degradation of the carote¬ 
noids and is done by incorporating glu¬ 
tathione in the feed. 

When the importance of the micro¬ 
organisms as feed became noticeable, lots 
of trials were also done to get best growth 
of the micro-organisms, in the recent 
years, Phaffia rhodozyma^'^ has been stud¬ 
ied and mutagenized with the help of the 
mutagens such as ethylmethylsulphonate, 
NTG, and by UV to produce high quantity 
of the astaxanthin. Cultural conditions are 
also modified to optimize growth. It is 


shake cultured in the medium containing 
yeast extract, polypeptone, sucrose at 
20°C for three days and at 25°C for five 
days. Chlorella^ is grown in the trans¬ 
parent bioreactor under aeration. This 
enables fast and high density growth of 
the algae. Fish normally prefer feed in 
granulated form which is obtained by 
treating it with alkali. Alkali treatment 
to the feed also gives the stability which 
does not allow it to get dispersed into 
the water, thus avoiding pollution. Algae 
and yeasts were subjected to the alkali 
treatment immediately after achieving 
suitable growth with sodium hydroxide 
to achieve pH of 12.5 (ref. 7). This 
treatment replaces the use of alkali metal 
salt. Rhodobacter capsulatus is employed 
as the secondary feed for Japanese floun¬ 
der larvae and juveniles. It was found to 
act as an antioxidant which decreases the 
formation of the lipid peroxide in the 
juveniles^ A major part of the normally 
employed fish feed having squid viscera, 
plant material such as com gluten meal 
is fermented with yeast and molds to get 
better feed. The disease resistance of fish 
can be strengthened by using better quality 
fish feed and can minimize use of anti¬ 
biotics like chloramphenicol^ in the fish 


feed. Use of micro-organisms as fish feed 
is found safe for human consumption. 
Thus micro-organisms employed as the 
fish feed agent present a bright prospects 
for fish industry and to human being too. 
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SCIENTIFIC CORRESPONDENCE 

Association of Frerea indica Dalz., an endangered plant species with 
Euphorbia neriifolia L. and its importance in habitat conservation 


Frerea indica, often described as an 
illusive plant’, is a monotypic genus in 
the family Asclepiadaceae. The species 
is believed to be one of the rarest plant 
species^"” and is listed as one of the 12 
most endangered plants on earth by the 
International Union for Conservation of 
Nature and Natural Resources. The dis¬ 
tribution of the species is restricted only 
to Maharashtra state in India. The distri¬ 
bution range is limited to six localities 
of three districts, namely Pune, Satara 
and Raigad. Except Mahabaleshwar, the 
presence of the species is confirmed in 
the other four localities. The species is 
basically a high-altitude plant (> 1000 m), 
with a characteristic distribution in nature. 
A typical habitat of F. indica consists of 
steep slopes (> 60°), preferably the crest 
region with a thin layer of soil between 


lateritic rocks (Figure 1 a, b). Except fire, 
the habitat is in general, inaccessible, and 
is free from human disturbance’^. 

In all the localities studied, F. indica 
was found associated with Euphorbia 
neriifolia (Euphorbiaceae), growing either 
under its bushes or somewhere closer. F. 
indica plants resemble young E. neriifolia 
plants and it is difficult to distinguish 
them. In fact, this has been the experience 
of earlier workers as well'^’’^ Other plant 
species found in the habitat include 
Notonia grandiflora DC., Carvia callosa 
Bremek., Lantana camara L., Ensete 
superbum (Roxb) Cheesman, Chloro- 
phylum spp. and grasses. During our 
attempts in conservation of endangered 
species, we propagated F. indica in nurs¬ 
eries at NGCPR, Shindewadi. We found 
all the plants infested and severely dam¬ 


aged by the caterpillars of the milk weed 
butterfly, Danus chrysippus. Milk weed 
butterflies normally feed on species of 
Asclepiadaceae, including Calotropis^^. 
However, we had not encountered these 
caterpillars on F. indica in its natural 
habits during our field studies. This 
prompted us to hypothesize, whether the 
presence of E, neriifolia plants in the 
vicinity of F. indica in the natural habitats 
in some way protects the latter species. 

To test this hypothesis we conducted 
two related experiments. In the first 
experiment, we quantified the association 
relationship between F. indica with E. 
neriifolia in its natural habitat. In the 
second experiment, we tried to find out 
whether E". neriifolia exhibits any repellent 
properties to caterpillars of plain tiger. 

For the association studies we collected 
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Locality 

Total no. of F. 
inclica plants 


F. inclica 

E. neriifolia 

Association 

index 

Remarks 

Jutinar 

65 

Frequency (%) 

100 

100 

8.14 

Part of the habitat is inaccessible 

(Shivaneri) 


Density 

3.6 

4.6 





Abiindancy 

3.6 

4.6 



Purandar 

100 

Frequency (%) 

100 

100 

4.00 

Part of the habitat is inaccessible 

(Vazir Garh) 


Density 

2.0 

6.3 

- 




Abundance 

2.0 

6.3 

- 


Sajjan Gad 

39 

Frequency (%) 

100 


_ 

Habitat is disturbed by fire. F. neriifolia 



Density 

2.3 

- 

- 

is absent 



Abundance 

2,3 

- 

- 


Varandha Ghat 

1 

~ 



- 

Habitat is disturbed by fire. Only one 


(Shivlharghal) plant was located, Found in E, neriifolia 

habitat 


ecological data IVom all reported sites in 
order to study frequency distribution, den¬ 
sity analysis, abundance and association 
relationship off’, itulica with E. neriifolia 
in its natural habitat. The results of the 
study arc presented in Table 1. 

For the second experiment to test E. 
neriifolia'^ role in protecting F. inclica 
from predator caterpillars of plain tiger, 
we conducted a simple experiment in 
which different combinations of F. inclica 


and E, neriifolia leaves were fed to cater¬ 
pillars. Observations arc presented in 
Table 2. The experiment was conducted 
at NGCPR’s laboratory at Shindewadi. 

Quadrat analysis for association index 
(a simple x~ test from 2x2 contingency 
table) was made on the basis of the 
method suggested by Ludwig and 
Reynolds'*^. As the total number of plants 
of F. inclica in its natural habitat is about 
200, the quadrats of size 5 x 5 m were 


drawn in the localities only where F. 
inclica was present. The number of quad¬ 
rats varied from 5 to 6 depending upon 
the size of the population. F. neriifolia 
is the most commonly found thorny shrub 
on degraded hill slopes in high rainfall 
regions of Western Ghats of Maharashtra. 
The species is also widespread and 
commonly planted along farm boundaries. 
The density and abundance of F. inclica 
are less, whereas E. neriifolia is abundant 
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Table 2. Observation on feeding habit of plain tiger caterpillar on Frerea indica and 
Euphorbia neriifolia leaves 



No. of 


Food material 

caterpillars 

Observations 

F. indica 

5 

Consumed all leaves within few hours 

F. indica and E. neriifolia 

5 

Consumed only F. indica 

E. neriifolia 

5 

Did not feed on leaves and settled near the rim, 
preferred starvation death 


at all the sites. The association between 
F, indica and E. neriifolia can be termed 
as a complete association. The association 
relationship of F. indica is very strong 
since this species is endangered and 
association index is calculated for those 
F. indica plants that are growing under 

E. neriifolia bushes. Two sites, i.e. the 
Sajjan Gad and Varandha Ghat are found 
to be disturbed by fire. Hence association 
index is prepared for only two sites, viz. 
Junnar and Purandar (Table 1). 

In the next experiment, we collected 
15 healthy caterpillars of D. chrysippus 
(about 1.5 cm length) feeding on F, indica 
and allowed them in batches of five each 
in three petri dishes. In the first petri 
dish, we placed only E. neriifolia leaves. 
In the second, a combination of E. 
neriifolia and F. indica leaves was 
released. In the third, we released only 

F. indica leaves. The caterpillars of the 
first petri dish after initial nibbling pre¬ 
ferred to stay at the rim of the petri dish, 
but never fed on E. neriifolia leaves. 
They preferred starvation death. In the 
second petri dish, the caterpillars fed only 
on F. indica leaves. In the third, the 
caterpillars fed on the F. indica leaves, 
completed their development on continu¬ 
ous supply of leaves from the same spe¬ 
cies, and pupated. The duration of the 
experiment was about 17-22 days. 

The leaf and stem extracts of E. neri¬ 
ifolia are known to contain triterpene- 
glut5(10)-en-I-one in addition to friedelan- 
3 and 3B-ol and taraxerol, which showed 
significant local anesthetic activity in 
guinea pigs and withdrawal reflex in 
frogs^^. Our preliminary experiment has 
shown that E. neriifolia has some repel- 


lence to D. chrysippus larvae. And, we 
presume that this factor resembling young 
E. neriifolia combined with thorny habit 
protects F. indica plants from plain tiger 
in its natural habitat. Growing in the E, 
neriifolia habitat has tremendous advan¬ 
tage for F. indica as far as its survival 
is concerned. We suggest here that while 
attempting reintroduction of F. indica or 
conseiwing its habitat, it is important to 
keep in mind the value of E. neriifolia 
association for this endangered species. 
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Heparin from seaweeds 

Heparin is a life-saving drug. It is used 
in cardio-vascular surgery. The patients 
who have undergone valve replacement 
surgery depend on these drugs for their 
whole lives. About 5000 patients undergo 
valve replacement surgery annually in 
India. Unfortunately, the drug is not avail¬ 
able in the market. The reason attributed 
is non-availability of raw materials. The 
raw materials are beef lung and porcine 
intestine. There is a need to investigate 
other raw materials for heparin. Prelimi¬ 
nary investigations were made on floun¬ 
der, cod, tautog, scup, red crab, mussel, 
scallop, sea clam', back water clam, blood 
clam and edible oyster^. 

Heparin is a polysaccharide. The sea¬ 
weeds are rich in polysaccharides. The 
Indian coastal waters supply a large quan¬ 
tity of seaweeds. The objective of the 
investigation was to screen common sea¬ 
weeds for heparin activity and recommend 
suitable species for extraction of heparin 
from them. 

Sixteen species of seaweeds, Chaeto- 
morpha mediae Chaetomorpha linum, 
Ulva lactuca, Sargassum myriocystum, 
Gelidiella acerosa, Hypnea vaientiae, 
Hypnea musciformis, Gracilaria edulis, 
Gracilaria arcuata, Gracilaria foliifera, 
Gracilaria corticata, Champia parvula, 
Laurencia papillosa, Acanthophora spici- 
fera, Roschera glomerulata and 
Grateloupia filicina were screened for 
heparin activity. Heparin was extracted 
from dry seaweeds by using cetylpyrid- 
inium chloride. The cetylpyridinium- 
heparin complex was dissolved in 2 M 
NaCI and heparin recovered as sodium 
salt by ethanol precipitation. Potential spe¬ 
cies of seaweeds were identified by using 
a HPLC system. The system consists of 
a pump (Model 2248 Pharmacia LKB 


Biotechnology), an injector (Rheodyne 
model 7125), a column (Ultropac TSK 
G3000 SW; 600 x 7.5 mm ID, particle 
size 10 pm LKB No. 2135-360), RI 
detector (Erma, Japan) and a two-channel 
recorder (Pharmacia LKB-REC 2). The 
eluent was glass distilled water at a rate 
of l.Oml/min. Standard heparin (Sigma) 
solution and the sample solutions were 
injected at concentration of 1 and 25 
mg/ml respectively. The injection volume 
was 200 pi each. Heparin activity was 
determined from standard heparin curve 
prepared by Azure A assay^. 


standard Heparin 


I 




0 6 10 . 15 20 

Elution time ^mints) 


Figure 1. Elution profile.s in HPLC of Sigma 
heparin and extracts of seaweeds, A. spicifera 
and H. valentiae. 


The rhodophytes, A. spicifera and H. 
valentiae showed heparin activity. A 
second peak of unknown compound was 
also seen in the extracts (Figure 1). Hepa¬ 
rin activity was 28.5 USP units per mg 
in A. spicifera and 11.8 units in H. 
valentiae. 

The yield per kg dry seaweed was 
4.34x10^ units in A. spicifera and 
4.65 X 10^ units in H. valentiae. Heparin 
activity ranged from 1.4 x 10^ to 2.8 x 10^ 
units per kg tissue in many vertebrates 
and invertebrates'’^. A. spicifera and H. 
valentiae showed 10-20 times higher 
activity than most animal tissues. They 
are suitable for extraction of heparin. 
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A note on the ostracode fauna from the Jurassic beds of 
Habo Hill, Kachchh 


Considerable work has been done on the 
stratigraphy and palaeontology (dealing 
chiefly with bivalves, brachiopods, cepha- 
lopods, corals, echinoids and foraminifers) 
of the Jurassic beds of Kachchh for the 


last one and half century since they were 
first systematically described'. It is, how¬ 
ever, surprising to note that ostracodes, 
which though occur quite commonly in 
these beds, have not received much 


attention from the micropalaeontologists. 
As far as we are aware, only a single 
work" on ostracodes from surface expo¬ 
sures of the Jurassic beds of Kachchh 
described eight species (all new) from 
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two localities - Khawda and Lodai. They 
are; Cytherella disjuncta, C. obscura, 
Cytherelloidea difficila, Paracypris con- 
termia, Progonocythere grumosa, P. 
implicata, P. laeviscula and P, prolata. 
Besides, there are two papers^’"^ on the 
ostracodes from the Upper Jurassic-Lower 
Cretaceous subsurface succession of well 
2, Banni, Rann of Kachchh. 

With the intention to fill up the above 
lacuna in our knowledge, we took up the 
study of ostracodes from the Jurassic 
beds of Habo Hill, situated in the eastern 
part of east-westerly trending hill range 
along southern margin of the Banni, Rann 
of Kachchh (Figure 1). Five stratigra¬ 
phic sections from different localities 
were sampled. They are as follows: 



Figure 1. Location of the Habo Hill 


Table 1. Stratigraphic succession of the Jurassic beds of Habo Hill, Kachchh (Modified after Kanjilal, 1978) 
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Table 2. Distribution of ostracodes in the Jurassic beds of Habo Hill 


Chari Formation 


Species 


..pro posed ostracode zones Progonocythere laeviscula II, Poorly fossiliferous III, Pirileberis remota 
^ 15 14 13 il 11 10 98765 4 3 2 1 Formation 


Patella depressa Khosla, Jakhar & Mohammed, X 

n. sp., morphotype B 

Cytherelloidea paradijfidla Khosla, Jakliar & X 

Mohammed, n, sp. 

Mandelstamla sp. X 

Cytherelloidea sp. cf. C. atlantolevantiami Rosenfeld & X 
Honigstein 

Cytherelloidea sp. X 

Procytheridea kachchhensis Khosla, Jakhar & X 

Mohammed, n. sp. 

P. ihopyensis Grekoff X 

Trichordis (Paratrichordis) parvicarinata Khosla & Jakhar X 
Cytherelloidea ipis Grekoff X 

Cytheropteiina devai Khosla, Jakhar & Mohammed, n, sp. X 
Mesocytheridea? mathuri Khosla, Jakhar & X 

Mohammed, n. sp. 

Patella befotakaensis (Grekoff) X 

P. clavata Khosla, Jakhar & Mohammed, n. sp. X 

Habocythere malgachica (Grekoff) X 

Mandelstamia depecheae Khosla, Jakhar & Mohammed, n. sp. X 
Progonocythere laeviscula Lyubimova &. Mohan X 

Trichordis (Paratrichordis) devexa (Grekoff) X 

T. (P.) grumosa (Lyubimova & Mohan) X 

Trichordis (Trichordis) gujaratensis Khosla, Jakliar & X 
Mohammed, n. sp. 

Amicytheridea triangulata Bate X 

Cytherella disjuncta Lyubimova & Mohan X 

C. obscura Lyubimova Mohan X 

Cytherelloidea bhujensis Khosla, Jakhar & Mohammed, n. sp. X 
Habocythere diluta Khosla & Jakhar, n. sp. X 

Nophrecythere jaisalmerensis (Kulshreshtha, Singh & X 

Tewari) 

Amicytheridea sp. 

Cytherelloidea dhrangensis Khosla & Jakhar, n. sp. 
Nophrecythere denticulata (Kulshreshtha, Singh & Tewari) 
Patella depressa Khosla, Jakhar & Mohammed, 
n. sp., morphotype A 
P. falcula (GrekofO 

Trichordis (Trichordis) praetexta Grekoff 
Paracypris contermia (Lyubimova & Mohan) 

Acrocythere sp. 

Cytheropterina pandeyi Khosla, Jakhar & Mohammed, n. sp. 
Cytherella sp. 

Nophrecythere whatleyi Khosla & Jakhar, n. sp. 
Progonocythere haboensis Khosla & Jakhar, n. sp. 
Cytheropterina sajjaniae Khosla, Jakhar & Mohammed, 
n. sp. 

Majungaella peiforata kachchhensis Khosla, Jakhar & 
Mohammed, n. subsp. 

Cytherella kalajarensis Khosla & Jakhar, n. sp. 

Habocythere bicruciata (Grekoff) 

H. ve7ttrisitlcata Khosla, Jakhar & Mohammed, n. sp. 
Habocythere sp. 

Cytherella rnasugiduensis Bate 
Pirileberis remota (GrekofO 

Majungaella rasilis Khosla, Jakhar & Mohammed, n. sp. 
Cytherelloidea langijarensis Khosla, Jakhar &i Mohammed, 
n. sp. 

Schuleridea (Eoschuleridea) soodani Khosla, Jakhar & 
Mohammed, n. sp. 

Majungaella perforata Grekoff 
Progonocythere sp. 


X X 
X 

X X 


X X 
X X 


X 

X X 

X X 

X X 

X 

X X 

X X 


X 

X X 
X X 
X X 
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Section /, exposed along banks of the 
Kala jar (stream) near Dhrang village 
(23°23'30"N: 69°50'30"E). Section //, 
exposed along banks of the Langi jar, 2 
km east of Dhrang village. Section III, 
exposed along banks of a stream near 
Habo village (23'^2nO"N : 69°5n9"E) 
and partly along tributary of Kala jar 
north of the crest of Habo Hill. Section 
IV, exposed along banks of a stream near 
Kotai village (23°23'24"N : 69°47'12''E). 
Section V, exposed along banks of a 
stream 1 km east of Fulae village 
(23°23'29"N : 69°48'43"E). 

All the sections yielded rich and 
excellently well preserved osti*acode fauna 
comprising 49 species (47 from the Chari 
Formation and three from the basal part 
of Katrol Formation, one being common 
to the both). The taxonomy of these 
ostracodes is being given elsewhere^. The 
present note gives stratigraphic distribu¬ 
tion of these ostracodes. 

The Jurassic beds of Habo Hill display 
qiiaquaversal dips, steeper on the north 
but gentle on the south, east and west. 
The older beds lie towards the centre, 
while they are surrounded on all sides 
by younger ones. The geology of the hill 
has been previously discussed in detail^’ 
by Kanjilal and the succession worked 
out by him is given here in modified 
form in Table 1. The name Chari 
Formation has been preferred over the 
Habo Formation in view of its long usage 


and familiarity with most of the workers. 
Further, contrary to general practice, Kan¬ 
jilal gave number 1 to the youngest beds 
of this formation and assigned higher 
numbers to the succeeding older beds. 
The same practice has been followed in 
the present work. 

The distribution of ostracodes in the 
Jurassic beds of Habo Hill is given in 
Table 2. On the basis of these ostracodes 
it is possible to group beds 1-16 of the 
Chari Formation into three assemblage 
zones. These are, in ascending order, as 
follows: Zone I, Progonocythere laevis- 
cula Zone (beds 16-12); Zone II, Poorly 
fossiliferous Zone (beds 11-5), and Zone 
III, Pirileberis remota Zone (beds 4-1). 
Late Bathonian-Callovian age is assigned 
for the beds of Zone I and Callovian 
age for beds of Zones II and III of the 
Chari Formation. 

The ostracode fauna of the Jurassic 
beds of Kachchh shows strongest affinity, 
besides Rajasthan, with those of the 
Jurassic ostracodes of Majunga Basin, 
Madagascar^. There are as many as 13 
~ Amicytheridea triangulata Bate, 
Cytherelloidea ipis Grekoff, Habocythere 
bicruciata (Grekoff), H. malgachica, 
Patella befotakaensis (Grekoff), falcula 
(Grekoff), Majungaella perforata Grekoff, 
Neurocythere whatleyi Khosla, Jakhar and 
Mohammed, Pirileberis remota (GrekoflO, 
Procytheridea ihopyensis Grekoff, Pro¬ 
gonocythere laeviscula Lyubimova and 


Mohan, Trichordis (Paratrichordis) 
devexa (Grekoff) and Trichordis (Trichor¬ 
dis) praetexta Grekoff - common to both 
these areas, Jurassic ostracodes of 
Kachchh also show a lesser affinity with 
the ostracodes of Tanzania, Central Saudi 
Arabia and Israel. Very likely India and 
Madagascar were close to each other, if 
not continguous, and connected by an 
epicontinental sea. 
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Role of symmetries in the sciences versus 
the arts - A contrast 


R. Rajaraman 

In recent decades, symmetries have been assuming increasingly greater importance in the 
sciences. In some fields like particle physics they have come to occupy the centre stage, while 
in many other sciences too, they play a valuable role. Meanwhile, since time immemorial, 
symmetries have been part of the aesthetic perception of man and are an integral part of many 
art forms. In this article we attempt to assess and contrast their roles in the sciences and the 
arts. While this is really a vast subject, given the diversity of the different arts, we will be 
content here with some broad generalizations, using illustrative examples. 


As a prelude to writing this article, I decided to attempt 
a small exercise to see how popular the concept of 
symmetry had really become with present-day physicists. 
The exercise was to do a sample survey of how often 
the word ‘symmetry’ appears, as compared to those 
long-time favourites ‘momentum’ and ‘energy’, in the 
titles and abstracts of recent publications in, say, particle 
physics. Internet made such a survey possible, using as 
sample all the high energy physics papers submitted 
this year to the electronic bulletin board maintained by 
the Los Alamos Laboratory. Among all the papers 
submitted in 1997 till July, I found that the word 
symmetry appeared 209 times as compared to momentum 
which was mentioned only 143 times! The word ‘energy’ 
was still the winner with 456 counts, but who could 
have been anticipated 50 years ago that symmetry would 
appear more often than momentum and half as often 
as energy in titles and abstracts of papers! 

Of course one sample does not a thesis make, and 
in any case this was meant only to be an amusing 
exercise, not a real index of the importance of symmetry. 
But people working in particle physics will testify that 
in their field, symmetries have grown in importance to 
the point where they occupy the centre stage. All the 
basic forces of nature at the fundamental level, namely, 
the nuclear, the electromagnetic, the weak and the gravi¬ 
tational forces are now described by the so-called Gauge 
theories, whose defining characteristic is a deep and 
profound form of symmetry. While particle physics is 
perhaps an extreme example in this regard, symmetries 
have played an important role in other branches of 
physics too, as for instance in the far-reaching use of 
crystal-structure symmetries in solid-state physics, in the 
‘spontaneous breaking’ of symmetry in ferromagnets and 
superconductors or in the use of isotopic spin symmetry 

R. Rajaraman is in the School of Physical Sciences, Jawaharlal Nehru 
University, New Delhi 110 067, India. 


to relate different nuclear isotopes, and of rotational 
symmetry to explain aspects of atomic and molecular 
spectra. In the biological, chemical and engineering 
sciences symmetries, while less ubiquitous, still yield 
important results. 

Meanwhile, notwithstanding its emergence as a major 
weapon in many branches of science, the notion of 
symmetry really originates from the artistic sensibility 
of man. From the earliest times, when it began as a 
largely decorative component of visual arts, symmetry 
has throughout been playing a major role in the arts. 
Sometimes embraced and at other times contemptuously 
dismissed by avant-garde abstractionists, symmetry, 
through its presence or deliberate absence, has been a 
force not just in painting and sculpture, but also in 
music and poetry. It remains one of the few major 
features that is common to both the arts and the sciences. 
But the nature of its role is quite different in these two 
fields. We will attempt in this article to bring out this 
contrast. 

What do scientists mean by symmetry? 

Let us begin with science, and the technical meaning 
of the term symmetry as employed in science. In the 
case of some scientific terms borrowed from the English 
language, their technical meaning can be hilariously 
different from their lay meaning. (For instance, some 
energy levels of atoms are called ‘degenerate’ even 
though these atoms lead, to the best of our knowledge, 
a blameless existence!) Fortunately, this is not so in 
the case of ‘symmetry’, whose technical meaning is just 
a generalization of its day-to-day meaning, suitably 
abstracted and made precise through the use of mathe¬ 
matical language. 

Imagine showing the two drawings in Figure 1 to 
any lay person, not necessarily a scientist, or an artist. 
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He will agree that Figure 1 a is very symmetrical while 
Figure 1 b is not. This is the familiar day-to-day meaning 
of symmetry. In order to use it in science, all we need 
to do is to identify and make precise those features of 
objects which give rise to this intuitive notion of sym¬ 
metry, classify and quantify different types of symmetry 
and so on. This can be illustrated by a few simple 
examples. Consider some letters of the English alphabet. 
The letter A, for instance, enjoys a reflection or mirror 
symmetry. That is to say, imagine a vertical line drawn 
across the middle of A, If we place a mirror on this 
verticle line and reflect the right half of A, we will 
see in the mirror precisely the left half of A, and vice 
versa. Similarly, the letter B and C also enjoy a reflection 
symmetry, not with respect to a vertical line but with 
respect to a horizontal line through the middle. The 
letter 0 has a ‘higher’ symmetry. It is symmetrical 
under reflections about both a vertical line and a hori¬ 
zontal line drawn through its middle. 

The above were examples of reflection symmetry. 
There can be other forms of symmetry: under rotations, 
displacements, etc. Thus, a square is symmetrical with 
respect to (i.e. unchanged by) a rotation about its centre 
by 90 degrees. It is, however, not symmetrical if we 
rotate it by some arbitrary angle, say 37 degrees. The 
circle has more rotational symmetry than the square. It 
is unchanged by a rotation by any angle. To give an 
example of displacement (‘translational’) symmetry, con¬ 
sider a large corrugated sheet of asbestos-the kind that 
is used as roofing. As we know, it has a wavy surface 
(Figure 2). It has symmetry under displacement by one 
wavelength in the x-direction and by any arbitrary amount 
in the other flat (y) direction. That is, if you were an 
ant sitting at the top of one the ridges of that corrugated 
surface, and you moved over to any point on the top 
of any other ridge, the surface would look unchanged 
to you. 

Abstracting from these examples, a system is consi¬ 
dered to have a symmetry if it is unchanged upon 
subjecting it to a ‘transformation’, such as reflection, 




Figure 1. Two figures. Any layman will concur that while Figure 
(a) is symmetrical, Figure {b) has no obvious symmetry. 


rotation or displacement. This notion can be put on a 
very precise mathematical footing, and the subject of 
Group Theory in mathematics deals with all this at great 
depth. 

Why are symmetries important in science? 

The important thing, from the point of view of real 
science, is that such symmetries are present not just in 
the mental constructs of mathematicians or in artificial 
man-made objects like letters of the alphabet and cor¬ 
rugated asbestos sheets, but in real natural systems of 
great interest to science. Thus, many solid substances 
are crystalline, i.e. their atoms are arranged in a regular 
3-dimensional pattern, giving the solid a symmetry under 
displacement by specific amounts. Figure 3, for instance, 
shows a lattice of atoms with hexagonal symmetry. The 
widely used gas ammonia (NH 3 ) has in its basic molecule 
a reflection symmetry. The nitrogen atom in the molecule 
sits in one of two possible locations which are mirror 
images of each other, the ‘mirror’ being on the plane 
containing the three hydrogen atoms. The molecule of 
benzene has a very symmetrical hexagonal structure. 
The symmetries exhibited by elementary particles are 
of a more abstract kind, but very real nevertheless. 

In short, symmetries are very much present in the 
natural world that science deals with. What is it, however, 
that makes them so important? Not the visual beauty 
of symmetry but rather its enormous usefulness in making 
scientific predictions. The systems that science has to 
deal with are so complicated that to calculate or predict 
all aspects of their behaviour accurately is exceedingly 
difficult, even if one knew the underlying basic laws 
that govern them. Faced with this situation, the simpli¬ 
fication brought about by presence of symmetries helps 
extract at least some facets of their behaviour with 
comparatively less labour. Such simplification can come 
about either because of the symmetry of the object of 
our interest, or because of the symmetry of its envi¬ 
ronment. To get some feel for the latter situation, let 
us go back to ants on the corrugated asbestos sheet of 
Figure 2. Supposing there are two scientist ants living 
on that sheet (shown by two dots in Figure 2) planning 
to wrestle with each other for some institutional 
supremacy. As part of training for this fight, they may 
have to learn to deal with the ups and downs and slopes 
of the terrain under their feet. But if one of those ants 
is aware of the symmetries of the surface he does not 
need to practice all over the entire terrain. Familiarity 
with a one-wavelength domain will do. As the wrestling 
ants stumble from one ridge to the next, the smart ant 
will know that the terrain will merely repeat itself and, 
as they say nowadays, information is power! 

Of course ants living on a corrugated roof may not 
be of great interest to everyone. But replace the 
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corrugated sheet by a crystal lattice and the ants by 
electrons and you have a very similar situation in 
miniature. Again you can get, for essentially the same 
reason, much information about electronic behaviour in 
that solid just by invoking the symmetries of the lattice, 
even though one has to shift to quantum theory in going 
from ants to electrons. Similai'ly, the mere fact that a 
crystal has a periodic array of atoms is enough to prove 
that when X-rays or neutrons bounce off them, they 
will form nice patterns which can be predicted. The 
fact that the ammonia molecule has a reflection symmetry 
(mentioned earlier) implies that its energy levels will 
come in closely spaced pairs. The fact that photons 
have zero rest mass follows directly from the so-called 
gauge symmetry of quantum electrodynamics. Even the 
symmetries of empty space by itself, under displacements 
and rotations, leads to the all-important conservation of 
momentum and angular momentum. And so on. 

Apart from this invaluable utilitarian side of symme¬ 
tries, there is also an aesthetic side to their appeal to 
scientists. This aesthetic beauty is of a theoretical and 
mathematical kind. The process of obtaining these pre¬ 
dictions from the presence of symmetries is not a 
laborious nit-picking task. Rather, very compact and 
elegant ideas are involved, which is another reason why 
scientists like symmetries. 

This article is not the place to establish the detailed 
connection between the presence of symmetries and their 
consequences, in the various examples mentioned above 
and the many others like them. That will require the 
setting up of much theoretical machinery and is the 


stuff of textbooks. Most readers of Current Science will 
in any case be familiar with details of how symmetry 
helps in their field. For the others we have tried to 
give some feel for what scientists mean by symmetry. 
Hopefully we have also made it plausible, at a very 
qualitative level, that since symmetries imply some sort 
of a pattern in the structure of a system, they should 
also lead to some pattern in the behaviour of that 
system. Consequently, for both utilitarian and aesthetic 
reasons, more the symmetries the better as far as science 
is concerned. 

Symmetry in the arts: Is more better? 

Now let us turn to the arts. Do we welcome symmetries 
unilaterally in all forms of art, whether it be music, 
poetry, painting, or sculpture? Is the cry ‘The more 
symmetries the better’ echoed in the world of arts too? 
Let me begin this part of the discussion with a somewhat 
extreme example. In Figures 4 and 5 I show two 
segments of musical score. From a purely visual point 
of view, Figure 5 is very haphazard and untidy. It looks 
as if a fly has stepped out of an inkpot and wandered 
all over the page. This score has nothing very symmetrical 
about it. In contrast, look at Figure 4. It is visually 
very symmetrical. In the physicist’s sense, it has all 
kinds of symmetries. You could even hold it upside 
down and musically it is unchanged! Yet there is no 
question as to which, musically, the greater piece. In 
fact there is no comparison between the two! Figure 5 
is from Hammerklavier Sonata in B-Flat major by 



Figure 2, A corrugated asbe.stos .sheet of the type used to make roofs of sheds. It is wavy if we move in one 
direction (along the A:-axis) and flat if we move in the perpendicular y-direction. The two dots near one another 
represent a pair of ants. They are shown standing at two different locations on that surface. 
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Beethoven (Opus 106), one of the greatest works for 
the solo piano. Figure 4 is totally trite as a piece of 
music despite all its symmetries. I had ‘composed’ it 
myself just to make this point. 

This example was meant to illustrate, although admit¬ 
tedly in a flippant and exaggerated way, the fact that 
symmetry is not the sole criterion, or even a major 
criterion in distinguishing good art from bad. If one 
went about trying to create a work of art by maximizing 
its symmetry content, it would lead to ludicrous results. 
I do not, however, mean to imply that symmetries have 
nothing to do with the arts or that they have found no 
place in the arts. In fact, symmetries have appeared in 
art forms from time immemorial, long before they began 
playing such a major role in science and mathematics. 
Further, one of the early entrance points of symmetry 
in science and engineering was through a medium that 
is a blend of art and science, namely, architecture where 
symmetry had a role to play not just in the aesthetics 
of the building but also in its structural stability and 
engineering feasibility. Nevertheless, as both the sciences 
and the various arts - music, painting, sculpture, archi- 



Figurc 3. AiTangemcnt ot aioiiis in a hexagonal lattice, 



Figure 4. A piece of music composed for the piano by the author 
especially for this article. Notice how symmetrical it is! The same 
bar of music repeats itself and the left hand plays just an inversion 
of the right hand notes. In addition, the whole score is designed to 
look the same even if held upside down. Musically of course it is 
terrible! 


tecture, poetry and literature evolved over the centuries, 
the status of symmetries in these two branches of human 
activity has come to be quite different. 

To analyse and understand the role of symmetries in 
the arts, and to see how it varies with the level of 
sophistication of the particular type of art, it may be 
useful to first consider the utilitarian aspect, as we did 
for the sciences. Art does have its utilitarian side at its 
simpler and more primitive level, where it aims to 
please, ‘to soothe the savage breast’, to be appealing 
and attractive in the superficial sense. 

Thus nursery rhymes for children are designed to be 
very symmetrical. ‘Mary had a little lamb . ..’, ‘Twinkle 
twinkle little star . . .’ and so on are characterized by 
couplets with repetitive tunes, a clear rhythm, meter and 
endings that rhyme neatly. They enjoy a high degree 
of symmetry. To give a 5-year-old child a diet of Sylvia 
Plath or E. E. Cummings would not ‘serve the purpose’. 
This holds not only for children but for many adults 
as well. If we could make a quantitative statistical 
analysis of all the poems written in preceding centuries, 
we would probably find that a substantial Ifaction of 
them were composed by courtiers in honour of kings, 
noblemen, feudal landlords and such. Barring exceptions, 
these latter worthies wanted simple, nice-sounding 
rhymes with the laudatory content not obscured by undue 
abstractions. Simple elements of symmetry gave these 
patrons the satisfying feeling that they were cultured 
connoisseurs of art. In airports and cocktail lounges. 



Figure 5. The last page of the score of Beethoven’s Hammerklavier 
Sonata for the piano in B-FIat Major (Opus 106). 
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tired customers need to be fed simple soothing music 
with a high degree of symmetry rather the abstractions 
of Ustad Amir Khan’s khayals or Beethoven’s quartets. 

Similarly symmetry plays an important role in the 
decorative arts - for instance in Kolam - the decorations 
drawn every morning on ,the thresholds of traditional 
South Indian homes, and in the borders of sarees and 
carpets. Sarees printed with Picassoesque themes, apart 
from being expensive to produce, would not sell anyway. 

Symmetries as backdrop 

I do not mean that symmetries have a role to play only 
in the softer decorative arts. Even great works of art 
can contain some elements of symnaetry. Let us analyse 
a few examples. Let me start with the exquisite sculpture 
of the dancing Nataraja so familiar to us in India 
(Figure 6). Much of the significance of this sculpture 
comes from its religious and spiritual symbolism. It 
would be fascinating to go into those aspects of this 
work, but in the context of this article we are mainly 
interested in it as a great piece of art containing elements 
of symmetry. We can see that it has a very symmetrical, 
perfectly circular frame, with the flickering fingers of 
flame arranged around it at regular angular intervals. 
However what makes this sculpture great as a work of 
art is not the symmetrical circular frame but rather the 
central figure of Nataraja placed in it. This figure of 
Nataraja, although beautiful and delicately balanced, is 
not symmetrical in the mathematical sense. Nevertheless 
it is the most powerful element of the sculpture, slender 



Figure 6. The dancing Nataraja. He needs no introduction. 


in form but dynamic in the tension of its twisting hips 
and the gracefully crossed balance of its arms and legs. 
Of course, the symmetrical backdrop does have its 
important artistic role. The flaming circle greatly en¬ 
hances, by providing just the right type of backdrop, 
the appeal of the dancing figure placed at its centre. 

As another example, consider the sculpture by 
Michelangelo in the New Sacristry in the church of San 
Lorenzo in Firenze (Figure 7). It graces the Tomb of 
Guiliano and we see senor Guiliano, presumably a Duke 
of some sort, in the middle. (The story goes that someone 
complained to Michelangelo that the face of Guiliano 
in the statue did not particularly resemble the original. 
He is supposed to have retorted, Tn a few centuries 
who will know?’ It was of course self-evident to him 
that his sculptures will be admired for centuries, long 
after the Duke has been forgotten!) Returning to our 
subject, the symmetric elements of this sculpture are 
evident at first glance. The entire work is embedded in 
a symmetrical framework of arches, panels and columns. 
Guiliano is smack in the middle, with the two reclining 
figures of Night and Day located symmetrically just 
below. However, while the symmetry of whole arrange¬ 
ment is certainly pleasing to the eye, what gives the 
entire work its power is not its symmetrical panels and 
columns but rather its asymmetrical dynamic forms. On 
a closer look we can see that the reclining figures of 
Day and Night are far from identical. The graceful 
languor of Night is to be contrasted with the twisting 
torso of Day. Guiliano himself is not sitting in a very 
symmetrical fashion, facing front and with his arms 



Figure 7. The Tomb of Guiliano by Michelangelo in Ihe New Sacristy 
of the church of San Lorenzo in Florence, Italy. 
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placed nicely on either side, the way people do in 
group-photographs. If he were, and if Day and Night 
had been represented by identical statues, the symmetry 
1 content of the sculpture would be higher, but would it 

have been anywhere nearly as good a work of art? 

I Rather, the roie of the symmetrical elements of this 

sculpture is primarily to provide the backdrop which 
brings out, through contrast, its dynamical non-symmet- 
rical components. 

This role of symmetry as a contrasting background 
for displaying all the better the more exciting dynamic 
innovations, seems to be common to several art forms. 
The use of percussion in certain forms of Indian classical 
music is another example. When Kumar Gandharva sang 
f his bhajans, the tabla generally maintained a simple 

j and repetitive rhythm (symmetrical in time), forming 

i the background against which he soared in the most 

unpredictable fashion. Great Indian poets like Kalidasa 
i or Kabir composed their work in well-structured forms 

j paying great attention to meter and rhyme. Similarly, 

j alliteration often appears in Tamil poetry. An analysis 

I of such forms will certainly reveal the presence of some 

I symmetries. And no doubt these symmetries contribute 

I to the overall impact of the work, through the resonance 

j of their rhythmic cadences. But I would like to submit 

that such symmetric elements are not the decisive factors 
in making these works great. After all, for every Kalidasa 
I or Kabir, there were any number of minor poets con- 

j temporary with them, who also adopted the same verse 

forms with the same meter and rhythm. The symmetry 
content of these minor poems would have been the 
same as that of the great poems, but that by itself did 
I not help elevate these minor poets to levels of immor- 

f tality. 

To take another example consider the fugues of Bach, 
which are among his great contributions to western 
classical music. To hear Bach’s Toccata and Fugue in 
D minor, played by E. Power Biggs on the Organ can 
be on overpowering experience. Now, fugues have a 
I very distinctive symmetry to them. One does not have 

i to search very hard to see the symmetry, which is quite 

explicitly visible in the musical score (Figure 8). One 
of the voices, say, the soprano or the first violin is 
given a theme. As this theme is progressing, another 
voice, say the cello, starts the same theme, and a little 
later yet another voice. Soon there are several voices, 
all singing the same theme, but displaced with respect 
i; to one another in time. Thus fugues carry some sort of 

a displacement symmetry. Of course the genius of the 
composer lies in choosing the notes of his fugal theme 
in such a way that when different voices simultaneously 
sing different portions of it, it nevertheless sounds not 
only harmonious but profound. But once again, while 
this particular symmetry of fugues adds to the pleasure 



Figure 8. Opening bars of a Bach Fugue. 


they give, and exhibits the composer’s virtuosity, the 
greatness of Bach’s fugues does not come from the 
symmetry alone. Many lighter forms of Western music 
(the so-called ‘catches’ or ‘runs’, which are sung in 
beerfests or in girls’ boarding schools) also have the 
same sort of symmetry, but would not be considered 
great. 

In short, while in the lighter art-forms symmetry plays 
a major role, in the more sophisticated art forms, it is 
only one more trick in the artists’ bag of tricks. He 
may employ it as backdrop, as an expression of his 
virtuosity and so on. But it is certainly not true that 
the greater the symmetry in it, the greater the value of 
the work. Indeed, much of the art of the past century, 
whether it be music, poetry or painting, has turned 
abstract where any type of symmetry is viewed with 
contempt unless it is used for ironic effect! 

Symmetry is, at some level of aesthetics, beautiful. 
It is therefore sad to have to conclude that its role in 
the arts is often secondary. However, such a judgement 
can be tempered by one final, important remark. At a 
very abstract and deep level there is another sort of 
symmetry present in every successful work of art. It is 
something like a reflection symmetry between what is 
present in the work of art and what lies somewhere in 
the psyche of the viewer/listener. Art achieves greatness 
by reflecting the innermost crevices and darkest corners 
of our soul. Something in the work, built in there by 
the artist, mirrors some elusive and inarticulable aspect 
of our feelings and is responsible for eliciting our 
response. It is perhaps stretching the definition of sym¬ 
metry quite a bit to include in it this conjugacy between 
the work of art and its audience. But if we may be 
permitted the artistic license to do so, then this symmetry 
is one that is indeed central to all art. In that sense 
symmetry becomes as crucial to art as it is to the 
sciences. 

ACKNOWLEDGEMENTS. This article is based on lectures I gave 
some years ago at the Max Muller Bhavan at Mumbai, and more 
recently at the Indian Institute of Advanced Study at Simla. The 
hospitality of both these institutions and the critical response of members 
of the audience are greatly appreciated. 


CURRENT SCIENCE, VOL. 73, NO. 7, 10 OCTOBER 1997 


575 





GENERAL ARTICLES 


Gallic and salicylic acids: Sentinels of plant 
defence against insects 


T, N. Ananthakrishnan 

Localized and systemic signals are released at the site of insect feeding damage and the signals 
get translocated to other parts of the plant, where they induce defence mechanisms, Gallic and 
salicylic acids are known to play an important role in insect-plant interactions and have 
considerable practical application in the area of biotechnology of crop protection. 


Integrated pest management, increasingly recognized as 
a panacea for efficient pest management, has not reached 
the anticipated levels of success, presumably due to 
insufficient recognition of the chemodynamics of both 
insects and plants. Age-correlated changes in the com¬ 
position of plants and the impact of phytochemical 
induction by insects and microorganisms result in altered 
allelochemical profiles. Increasing numbers of crop plant 
cultivars naturally call for more intensive approaches to 
a study of their chemodynamics in order to establish 
their susceptibility or resistance. Both as antibiotic agents 
against insects and pathogens and as chemical signals, 
secondary metabolites play an efficient role, often acting 
both as allomones and kairomones. Inducible systemic 
defences or signals give rise to a new physiological 
state in the target tissues which protects them from 
further stresses. Local acquired resistance around feeding 
lesions or in the vicinity of necrosis and systemic 
acquired resistance, detected several days after initial 
infection have been recognized. Enhanced synthesis and 
accumulation of secondary metabolites are part of an 
integrated defence mechanism, the same signalling 
mechanism triggering a whole range of responses^ A 
number of natural or synthetic compounds have been 
reported as inducers of systemic acquired resistance. 
Many of these chemical inducers tend to function as 
systemic signals like salicylic acid. The term ‘chemical 
systemic acquired resistance inducer’ has also been 
suggested". Being an endogenous messenger, salicylic 
acid activates important secondary metabolites respon¬ 
sible for host resistance and is considered an inducer 
of pathogen-related proteins during systemic acquired 
resistance^. Speculation has been made that volatile 
methyl salicylate may function as an airborne signal for 
intra- and interplant communication'^. Plant-insect inter¬ 
actions can alter the capacity of the insect to resist 
toxicity of many compounds and the net effect on insect 
performance may be altered by the diversity of the 
interactions. Increased recognition of chemotypes in 

T. N. Ananthakrishnan is in the Entomology Research Institute, Loyola 
College, Chennai 600 034, India. 


plants consequent to behavioural diversities in insects 
and the additive effects of synergistic interactions often 
lead to multichannel defences. As such,'internal driving 
forces in plants often lead to the diversity of secondary 
metabolites, resulting in the evolution of more efficient 
metabolic systems^. 

Role of elicitors 

Plants are known to release localized and systemic 
signals in response to wounding by phytophagous insects. 
Systemic induction of resistance implies the production 
of a signal at the site of primary wounding or infection, 
the signal being translocated to the other parts of the 
plant where it induces defence mechanisms. Stress con¬ 
ditions have enabled plants to express genes, many of 
which encode defence proteins, enabling plant defence 
against insect feeding. Elicitor activity involves the 
activation of defence genes such as those coding for 
enzyme inhibitors, hydrolytic enzymes, cell-wall struc¬ 
tural proteins and the like. Damage potential and 
acquired resistance in plants - whether local or sys¬ 
temic - contribute to the overall resistance displayed by 
plants in nature. Accumulation of protein can also be 
induced by a number of elicitors of biotic or chemical 
origin and salicylic acid is one of them. Secondary 
metabolic pathways provide versatile routes to com¬ 
pounds capable of transmitting information at different 
levels of plant organization. Esters of gallic acid and 
their derivatives also represent a classic case of secondary 
metabolism^ Gallic acid is located in plant tissues in 
the ester form and is metabolized to a glycosidic 
constituent. Both gallic and salicylic acids are hydroxy- 
benzoic acids produced by the shikimate acid pathway 
(Figure 1). Of the numerous compounds known, cinnamic 
acid forms the starting point for the operation of diverse 
secondary metabolic processes. Hydroxycinnamic acids 
and hydroxybenzoic acids, among others, are essential 
components imparting resistance to plants and of these, 
gallic and salicylic acids discussed here are known to 
play an important role in insect-plant and plant-pathogen 
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interactions. While gallic acid occupies a distinctive 
position in the overall phenolic metabolism of higher 
plants, salicylic acid, besides acting as a defensive 
chemical, also acts as a signal which moves through 
the plant, having the attributes of a plant hormone^. 
Induction of disease and insect resistance, enhanced 
growth, vigour and yield are reported after foliar sprays 
of salicylic acid. 

Antibiotic effects of salicylic and gallic acids 


affect its growth rate. In Nilaparvata lugens, sucking 
of 0.001 M sucrose solution is almost completely inhi¬ 
bited by salicylic acid‘^ 

A number of plants maintain high basic levels of 
salicylic acid such as resistant potato variety, as also 
rice variety, where it may play a role in constitutive 
defence. That microorganisms associated with crop plants 
are capable of synthesizing salicylic acid is equally well 
known, as is confirmed by its occurrence in large 
amounts in the rhizosphere, imparting a protective or 
allelopathogenic function along with other benzoic acids^. 


In assessing the antibiotic effects of gallic and salicylic 
acids on the development of Helicoverpa armigera, 
studies of phenols and phenolic acids of red gram, 
chickpea cultivars showed the presence of gallic, salicylic 
and vanillic acids^’^^ While the pupal mortality rates 
were high with low adult emergence rates with salicylic 
acid, higher rates of mortality and lower adult emergence 
rates were recorded with a mixture of salicylic and 
vanillic acids (Figure 2). The phenols and phenolic acids 
showed varying distribution among the different cultivars 
of chickpea and red gram and the degree of resistance 
is evident from the diversity of the developmental pattern 
and the malformation occurring at the various develop¬ 
mental stages of H. armigem^^\ Further, the impact of 
lower concentrations of these chemicals increased the 
percentage of parasitization and predation rates. Besides, 
synergistic interactions involving gallic acid have been 
observed to increase the effect of ^-t endotoxin on H, 
armigem^\ 

Similarly, gallic acid, syringic acid, resorcinol and 
phloroglucinol showed chronic effects on growth, inges¬ 
tion and utilization of food in H. armigera, in relation 
to cotton. Survival and pupation were seriously affected, 
gallic acid playing a vital role, reducing growth by 
primarily reducing the efficiency of conversion of 
assimilated food. Helicoverpa exhibits continuous defae- 
cation and muscular lesions of the hindgut. The impact 
of vanillic and salicylic acids on development, survival 
and adult emergence of H. armigera also varied greatly 
with concentrations tested'^ Salicylic acid has been 
known to be a feeding deterrent for the phytophagous 
soyabean looper Pseudoplusia includens^^, but does not 


HO 



COOH 



Salicylic acid 


Biosynthetic pathways 

As for the pathway of production of salicylic acid, 
cinnamic acid of the shikimic acid pathway is converted 
to salicylic acid either via benzoic acid or coumaric 
acid pathway'^ (Figure 3). 

Cinnamic-benzoic-salicylic acid —> [healthy plant] 
Cinnamic-c?-coumaric-salicylic acid [infected plant]. 

Gallic acid occupies a distinct position in the overall 
phenolic metabolism of higher plants and there is 
diversity and complexity of its ester forms. Most plants 
metabolize substantial quantities of polyesters of gallic 
acid. Gallic acid can be formed by two pathways 
involving shikimic acid and cinnamic acid derivatives. 
A myriad new compounds based on gallic acid have 
been isolated from plants. Metabolism of gallic acid 
involves the ability to synthesize esters of gallic acid 
with D-glucose, phenols and phenolic acids. A key 
intermediate in secondary metabolism is /Lpenta-o- 
galloyl-D-glucose and from this a pathway arises leading 



Figure 2. Percentage of pupal mortality in relation to quantity of 
Figure 1. Structure of gallic and salicylic acids. salicylic acid in diet. 
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to production of gallotannins and ellagitannins, besides 
hydroxycinnamic acids. Patterns of occurrence of galloyl 
esters exist usually juxtaposed with these forms for 
various hydroxycinnamic acids, more especially chloro- 
genic acid. 

Role of tannins 

Tannins represent a major barrier to insect feeding, their 
effectiveness being related to concentration. Hydrolysable 
tannins are built up from glucose and phenolic acids, 
especially gallic acids, while condensed tannins are 
polymerized flavonoids. The formation of relatively 
indigestible complexes with proteins reduces assimilation 
rates. Feeding deterrence is, however, confined more to 
condensed tannins. Interference with the growth of 
Heliothis virescens larva was noticed when fed on 
geranium leaves, geranium inhibiting growth due to the 
ellagic acid released'^ Plant tannins are probably directly 
toxic to non-adapted insects, due to tannins binding to 
insect tissue in the gut. However, it has also been shown 
that in some polyphagous acridids, feeding was not 
deterred even with high levels of tanninsAll the 
same, tannins play a useful role in preventing pathogenic 
infections of these insects. Gallic acid being a product 
of tannin degradation, plays a concomitant role in 
antiherbivore defence. 


Conclusion 

The role of gallic and salicylic acids in plants and their 
defence functions have practical application in the area 
of biotechnology in crop production. In particular, trans¬ 
genic plants with elevated salicylic acid levels may be 
the first step in the production of crops with increased 
resistance to insects. The question of predictability or 
unpredictability of herbivory is an aspect now being 
discussed in relation to the evolution of defence mecha¬ 
nisms. While there is no doubting the possible role of 
the action of chemical sentinels such as gallic and 
salicylic acids which are only two among the myriad 
secondary metabolites, the question of individuals 
expressing resistance at all times constitutively instead 
of being induced every time has received recent attention 
and to quote'^ ‘induced resistance will be favoured only 
if the herbivory that the plant responds to is a good 
predictor that the plant is likely to be attacked by 
herbivores in the future. If the plant experiences several 
herbivore regimes during its life with time to respond, 
then an inducible strategy could be favoured’. 
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Grain boundary segregation in metals* 

P. Rama Rao 
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With the help of Auger electron spectroscopy, grain 
boundary segregation isotherms have been determined 
in respect of several alloying and trace elements present 
in three power plant steels. The analysis of the 
isotherms yields information of immense value. Apart 
from delineating the kinetic stages in segregation and 
the interaction processes amongst the trace and alloying 
elements, the influence of solute elements, heat treat¬ 
ment practice and applied stress on the grain boundary 
segregation process, which in turn bears upon the 
material mechanical behaviour, becomes clear. The 
importance of this understanding is highlighted by the 
shop floor experience of processing advanced engineer¬ 
ing steels, one case of which (17-4 PH stainless steel) 
is described in some detail. More recently has emerged 
an electronic basis for grain boundary cohesion in the 
presence of a segregant (P or B in Fe grain boundary). 
This is described in conclusion alongside a thermo¬ 
dynamic consideration of grain boundary embrittlement. 


Advances in technology facilitate design and development 
of complex engineering systems with enhanced perform¬ 
ance capability. And reliability becomes an issue of 
concern. Reliability and durability of structural compo¬ 
nents in modern systems, e.g. high speed aircraft engines, 
nuclear power reactors and power plant turbines, are a 
matter for most serious attention. In this context, 
if someone were to ask the question, what is the most 
significant advance that has taken place in materials 
engineering, my answer would be: the coming together 
of the materials scientist arid the mechanics engineer. 
Why does the one have to mesh with the other can be 
illustrated with several examples. The work presented' 
at the 1995 Annual Meeting of the Indian Academy of 
Sciences provides one. Here is another. 

In mechanics, one deals with stress intensity factors 
and analyses fracture problems in terms of a critical 
value of the stress intensity beyond which flaws, inevi¬ 
tably present in a component, grow, link-up and propagate 
catastrophically. What is essential to appreciate is that, 
considerations suc|i as those the mechanical engineer is 
used to apply can go completely awry in certain situ¬ 
ations. That is where the materials scientist comes in. 
A classic situation^, in this respect, is what happened 


*Baseci on the Presidential Address delivered at the 62nd Annual 
Meeting of the Indian Academy of Science.s held at Jodhpur, India, 
November 1-3, 1996. 


in the Hinkley Point power station turbine generator (in 
1969). During an overspeed test, the rotor of the turbine 
disintegrated. Scanning electron microscopic (SEM) 
examination of the fracture surface showed intergranular 
failure suggesting very little plastic deformation or energy 
expenditure. Auger electron spectroscopic (AES) analysis, 
then, pointed to the fact that the fracture surface was 
covered by 45% of a monolayer of embrittling P, 
Adsorption of submonolayer concentrations of elements 
at internal surfaces of engineering materials can be 
understood in terms of classical adsorption theories while 
the significance of AES lies in its ability to detect 
submonolayer concentrations, as in the foregoing case 
of failure, arising from segregation of a deleterious 
element to grain boundaries. 

With enhancement factors of as much as 1000 for 
the segregants, grain boundary composition can be utterly 
distorted even when the bulk concentrations of the 
elements concerned are only a few parts per million. 
The detrimental effect of the segregating element was 
the cause of the turbine rotor failure and is reflected 
in a number of embrittling processes such as temper 
embrittlement, high temperature creep cavitation, stress 
relief cracking, stress corrosion cracking and so on. 

The spectre of impurity elements looms large in the 
modern context especially because of two factors, one 
of which has to do with the complex chemistries of 
engineering alloys. Multicomponent systems are invari¬ 
ably being resorted to for making structural components 
of aircraft engines (e.g. nickel superalloys) or, for that 
matter, power plant turbines, as the examples of steels 
to be dealt with in this article will show. The second 
factor arises from the motivation to recycle materials, 
which is being increasingly practised to lower costs and 
to alleviate environmental damage. In these situations, 
if the common denominator of grain boundary segregation 
is understood and controlled, the engineer’s ability to 
ensure reliability will have been substantially buttressed. 
This is the focus of the article. 

We decided to investigate issues of segregation in 
multi-component engineering alloys (power plant steels 
with as many as 12 metal and metalloid additives to 
iron, Table 1). Some of the alloying additions are 
intentionally made while some are present as unavoidable 
trace impurities. These steels are interesting real-life 
materials because the extent of segregation can be 
exacerbated by co-segregation of minor alloying elements 
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Table 1, Chemical composition (wt%) of power plant steels 


Steel 

C 

Ni 

Cr 

Mo 

V 

Si 

Mn 

P 

S 

N ^ 

Sb 

Sn 

Fe 

12 CrMoV 

0.22 

0.42 

11.27 

0.42 

0.2 

0.35 

0.42 

0.012 

0.01 

0.006 


0.038 

bal 

1.2 CrMoV 

0.22 


1.2 

0.9 

0.3 

0.3 

0.5 

0.025 

0.025 

0.006 

0.015 

0.040 

bal 

NiCrMoV 

0.24 

2.6 

0.40 

0.28 

0.1 

0.24 

0.34 

0.01 

0.01 

0.006 

- 

0.04 

bal 


caused by significant mutual interaction. The approach 
taken to investigate these phenomena was through 
determination of segregation isotherms (to become clear 
in the following presentation). The knowledge thus gained 
is useful in solving practical (shop floor) problems which 
will be exemplified through case studies carried out at 
the Defence Metallurgical Research Laboratory, 
Hyderabad, principally by R. D. K. Misra and T. V. 
Balasubramanian. In conclusion will be summarized the 
attempts made to address the basic question: why should 
a given segregating element - an embrittler like P, or a 
cohesion enhancer like B - act in the manner observed 
at the grain boundary site? 

Experimental method 

For AES studies, fresh fracture surfaces are to be 
exposed. The steels that have been studied by us are 
amenable to meet this requirement. Fresh fracture sur¬ 
faces, in these cases, can be obtained by impacting 
notched samples at liquid nitrogen temperature within 
the ultra high vacuum system of the AE specimen 
chamber. For the purpose of mapping segregation 
isotherms, cylindrical steel specimens (3.68 mm 
dia. X 320 mm long) were heat treated in the range 
700-900 K. 

A primary electron beam of 3 keV and a target current 
of 0.5 )iA was used. A peak to peak amplitude of 3 eV 
at a frequency of 10 kHz was applied to the cylindrical 
mirror analyser for measurement of grain boundary chem¬ 
istry. Some of the Auger electron peaks frequently 
analysed were Fe (703 eV), Ni (848 eV), Cr (529 eV), 
Sn (430 eV), N (379 eV) and C (272 eV). 

The way the data are plotted is as follows. Intensity 
peak heights (H^) of the various elements are normalized 
with respect to Fe, 7/^ can be converted into coverage, 
9^, of the particular element in the fracture surface, 
which is a measure of what per cent (%) of the monolayer 
is occupied by the segregating atoms at the grain bound¬ 
ary. (The procedure for conversion of into 9^ was 
according to Seah^.) 

To examine the effect of applied stress, cylindrical 
tensile specimens were preloaded to 20 kg load (stress 
of 1.6kg/mm^) and then heated rapidly to the required 
test temperature at which the test load, say 465 kg (stress 
of 35 kg/mm^) was applied manually. After the appli¬ 
cation of load for the required test duration, load was 
lifted and the specimen quenched to room temperature. 
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Determination of grain boundary segregation isotherms 
followed via scanning Auger microprobe (SAM) on these 
stressaged samples machined to SAM specimen geometry 
in a manner similar to the above for unstressed specimens. 
The longitudinal direction of the SAM specimens always 
remained parallel to the direction of tensile loading. 
Descriptions of detailed experimental procedure for both 
stressed and unstressed specimens have been pub- 
lished^“‘^l 

Segregation isotherms 

The information that the segregation isotherms yield is 
quite substantial. For the purpose of this article we shall 
select aspects pertaining to (a) kinetics of segregation 
and (b) interaction among alloying elements. 

We shall then discuss selected steel processing prob¬ 
lems that we have been able to resolve with- the help 
of this type of investigations. 

The three steels (Table 1) for which the segregation 
isotherms were determined, are power plant steels 
routinely used by Bharat Heavy Electricals Limited. 
Notice that the number of alloying elements in each 
case is more than ten. The trace elements, S, P, N, Sn, 
are common to all of them and these are important in 
our studies. This apart, two of the three steels, one of 
which has higher Cr (11.3%), are free of Ni. The third 
steel has 2.6% Ni. The three materials will thus allow 
us to examine the role of Cr and Ni. 

Progress of segregation of the various elements, at a 
selected (773 K) constant temperature (isotherm), as a 
function of time of soaking at this temperature, is 
typically shown in Figure 1 a. Similar plots have been 
obtained at 823, 853 and 883 K. With respect to the 
steels used in the investigation, up to three stages have 
been observed (Figure 2). A summary of the kinetic 
stages is listed in Table 2, 

Figure 1 a shows a parallel behaviour in the kinetics 
of segregation of N and Cr, suggesting Cr-N cooperative 
interaction. This type of interaction is marked by a 
constant ratio coverage which is evident 

in Figure 1 b. 

The cooperative interaction processes can be more 
complicated than the example in Figure 1 and may be 
governed by the compounds which the co-segregating 
elements are capable of forming (Figure 2). Thus, for 
the anticipated interaction between carbide and nitride¬ 
forming elements (Cr and V), (^^ + + ^v) 
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plotted as a function of time in Figure 2 b and is 
observed to be time invariant at a value of 0.95. 

It has been found useful to define a term called 
interaction severity, which, for a cooperative elemental 
interaction during segregation, is expressed by the ratio 
of coverages, e.g. above, in respect of the 

interacting elements. <p for a site competitive process, 
on the other hand, would be expressed by a summation 
of the respective coverages, e.g. (0sn“*‘^s)’ 
interacting elements Sn and S, as we can see in Figure 
3, A value of + would indicate a strong 

interactive process. This points to the advantage of 
looking at the ratios and the summations of coverage, 
(j), which is that the magnitude of <p can be used as a 
parameter to characterize the interaction process. The 
influence of crucial variables like temperature and 
microstructure would then be amenable for analysis in 
terms of variations of 0, 

An interesting observation at higher ageing tempera¬ 
tures (853 K) pertains to the segregation of Ni and Sn 
(two substitutional solutes) which were, cooperatively 
coupled (Figure 2) in a manner similar to Cr and N 
(Figure 1). This is depicted by the constancy in the 


KINETIC STAGES 



Figure 1. a. Grain boundary segregation isotherm at 773 K for 2.6% 
NiCrMoV powerplant steel. Bars indicate the range over which values 
were obtained (ref. 3). Time dependence of the ratio of coverages 
for the cooperatively interacting elements N and Cr, ONIOCr at 773 K 
(ref. 3). 


ratio, Hgure 2 c (ref. 11). This type of Ni-Sn 

interaction has been seen in Mossbauer spectro¬ 
scopy‘s and thermodynamically rationalized by 
Guttman'^ (Guttman’s treatment will be briefly outlined 
subsequently). The Ni-Sn cooperative interaction, which 
can bring about an increased number of Ni near¬ 
est neighbours of Sn atoms or compound formation 
(Ni 3 Sn or Ni 2 Sn or Ni 3 Sn 2 ), has been commented on 
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Figure 2. a, Grain boundary segregation isotherm at 853 K for 
2.6%NiCrMoV powerplant steel. Bars indicate the range over which 
values were obtained (ref. 3). b, Time dependence of (0N+0C)/ 
{OCr + OV), involving nitride and carbide forming-elements Cr and Y, 
at 853 K (ref. 3). c. Time dependence of the ratio of coverages, 
0Sn/0Ni, for the cooperatively coupled elements Sn and Ni at 853 K 
(ref. 11). 
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by Edwards et al}'^ as the cause of embrittlement in a 
temper-embrittled steel. 

Prolonged ageing at still higher temperature of 883 K 
brings about grain boundary site competition between 
Sn and S, with segregating S displacing segregated Sn 
(third kinetic stage; Table 2). This processes evident 
in Figure 3 ^ in terms of invariant + 6^, This Sn-S 
interaction has implications to mechanical degradation 
processes such as creep cavitation^'^. 

With the help of data of the type described and 
discussed above, interaction maps can be drawn. The 


Table 2. Kinetic stages of isothermal grain boundary segregation 
of alloying and trace elements 


Stage 

Segregation behaviour 

First stage 

Cosegregation of Cr and N 

Desegregation of C 

Second stage 

Segregation of P 
(in association with V) 

Third stage 

Initially segregation of Ni and Sn and later 
desegregation of Ni and Sn accompanied by 
increase in S segregation 


KINETIC STAGES 



3 





Figure 3. a. Grain boundary segregation isotherm at 883 K for 
2.6%NiCrMoV powerplant steel. Bars indicate the range over which 
values were obtained (ref. 3), h. Time dependence of summation of 
the coverages, 6Sn + 0S, for the competitively interacting elements Sn 
and S at 883 K (ref. 11). 


interaction maps, Figure 4 a, b, offer a perspective of 
the different interaction processes in time-temperature 
space. For example, the maps for the two Cr-Mo-V 
steels, with and without Ni, show that the presence of 
Ni does not make a difference to the Cr-N cooperative 
interaction (Figure 4 c). Ni-Sn coupling is seen only in 
the steel containing Ni. It is also easily inferred from 
the interaction maps that the S-Sn site competition 
occurs at higher temperatures, but after longer durations 
of exposure. 



0.011-1-1---1 

75Q 800 850 900 

TEMPERATURE, 



Figure 4. Interaction maps in time-temperature (f- 7) space depicting 
grain boundary interactions occurring amongst trace and alloying ele¬ 
ments in (a) 2.6%NiCrMoV, (b) 1.2CrMoV low alloy steels (ref. 4). 
(c) Interaction severity, as a function of temperature for the 

cooperative Cr-N interaction process in 2.6%NiCrMoV and 1.2%CrMoV 
low alloy steels (refs 11, 31). 
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Isothermal grain boundary segregation data of solute 
and trace elements for the low Cr (solid lines) and high 
Cr (broken lines) steels at 773 K are presented in Figure 
5 a, b. What Figure 5 presents is a remarkable finding''. 
While there is no difference in the segregation behaviour 
of N, Cr, S and Sn (Figure 5 b), the high Cr content 
in the steel leads to enhancement in the grain boundary 
concentration of P (Figure 5 a), also accelerates the rate 
of increase of grain boundary segregation of P (Table 
3). The opposite trend is observed, i.e. lower C segre¬ 
gation, in the presence of higher Cr and more rapid 
desegregation. These observations, with regard to P and 
C, the only two elements markedly influenced by higher 
Cr, suggest a strong interdependency. There is confir¬ 
mation here that the activity of C is reduced by the 
scavenging action of Cr which forms Cr-rich carbides 
and lowers C in solid solution. A natural consequence 
of lower dissolved C is lower extent of C segregation. 
The result of lower C segregation, which otherwise 


TIME, h 

0.01 0.1 1.0 10 10 ^ 



0.01 0.1 1.0 10 , 10 ^ 



Figure 5. Grain boundary segiegation isotherms recorded at 773 K 
for Fe-0,4Cr-2,6 Ni-0.28 Mo-0. IV (low chromium steel: solid lines) 
and Fe-11,27Cr-0.42Ni-0.42Mo-0.2V (high chromium steel: broken lines) 
steels, a, elements affected by the presence of high chromium in steel, 
b, elements not affected by the presence of high chromium in steel. 
Bars indicate the range over which values were measured (ref, 7). 


would have displaced P in a site-competitive process, 
is that grain boundary segregation of P is enhanced. 
Both these effects, i.e. increase of P (grain boundary 
embrittler) and lowering of C (grain boundary cohesion 
enhancer) contribute to a reduction in intergranular co¬ 
hesion and an increase in susceptibility of the steel to 
intergranular embrittlement. 

Low alloy steels can be heat-treated to develop one 
of three commonly encountered microstructures (Figure 
6). These are ferrite-pearlite, (Figure 6a\ slow cooling 
from high temperature austenite), bainite (Figure 6 b] 
cooled from austenite to intermediate temperature and 
held there before rapid cooling to room temperature) 
and (3) martensite (Figure 6 c; fast cooling from high 
temperature austenite). 

The microstructural influence on the interaction severity 
(0 = ratio of coverage or summation of coverage for 
cooperative or site competitive interactions, respectively) 
is shown in Figure 7 for Cr-N (cooperative), Ni-Sn 
(cooperative) and Sn-S (site competitive) interactions 
which followed the sequence martensite > brainite > fer- 
rite-pearlite^ The susceptibility to temper embrittlement 
increases in the same order^^ (Table 4). 


Dynamic embrittlement 

If, during the course of high temperature exposure, a 
tensile load is applied, significant enhancement in the 
grain boundary concentration of N, P and S and an 
acceleration in kinetics (Table 5) of their segregation 
{dH/d\ogt) is observed^ Compare, for example, the 
segregation isotherms at 773 K shown for the unstressed 
Cr-Mo-V steel in Figure 1 a and those, at the same 
temperature, for the same steel in the stressed condition 
(Figure 8). Although the kinetic stages and the qualitative 
nature of the interactions were unaltered, the maximum 
in the grain boundary coverage of the elements was 
observed earlier. The activation energy for S diffusion, 
calculated from the isotherms data from the stressed 
material, was 106 kJ/mol which is close to the value^^ 
of grain boundary diffusion of S in a-Fe (119kJ/mol) 
and about one-half of the reported'*^ bulk diffusion 
activation energy in a-Fe (203 kJ/mol). 

An attempt^ ^ has been made to differentiate the kinetics 
from the thermodynamic effects of the applied stress 
by determining grain boundary segregation isotherms 


Table 3. Rate of segregation of C, N and P at 773 K (ref. 8) 


Rate of segregation 

3 Hfi log t 

Low-Cr steel 

High-Cr steel 

-d H(/3 log t 

0.075 

0.022 

3 Hp/3 log t 

0.33 

0.52 

BH^dlogt 

0.15 

0.15 
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obtained from unstressed (Figure 9 a) and stress-aged 
specimens (Figure 9 b) in which an equilibrium coverage 
of grain boundary segregants had been reached prior to 
(Figure 9 a) stress-ageing. Figure 9 b shows that, on 
tensile loading, coverage of S increases during the first 



Figure 6. Microstructures encountered in steels: (a) ferrite-pearlite, 
(b) bainite and (c) martensite. 
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3 h, or so, beyond which S decreases and attains the 
equilibrium concentration after about 20 h under load. 
These results^® suggest that, in thermodynamic terms, 
because of development of a chemical potential gradient 
along two different grain boundary sites (Figure 10), S 
migrates from one grain boundary facet to the other via 
grain boundary diffusion (a process identified by acti¬ 
vation energy measurements described above). On pro¬ 
longed ageing, the stress-induced inhomogeneous 
distribution of S disappears as the slower diffusing 
species (host metal atoms) migrate to eliminate the 
transient sulphur concentration gradient. Thus, the tran¬ 
sient enhancement of S concentration at the grain bounda¬ 
ries, as a result of stress application, and its subsequent 
reversal to its original equilibrium concentration are 
governed by mass-transport phenomena akin to those 
associated with diffusional creep under tensile loading^^. 

The consequence of S ingress, under these circum¬ 
stances, to high strength steels, subjected to loading at 
high temperatures, is diffusion controlled intergranular 
cracking, a phenomenon christened dynamic embrittle- 
ment^'-^"^^. Stress-driven diffusion of an impurity element 
causing intergranular decohesion has been observed by 
us in a Cu-Cr alloy^^. The signature of dynamic 
embrittlement is crack-growth steps on the fracture 
surface, revealed as striations (Figure 11). The reason 
why growth steps occur is because, in this failure mode, 
we need a critical combination of stress and sulphur 
concentration to cause decohesion. The sequence during 
dynamic embrittlement^^^ would be as follows: (i) Surfaces 
are contaminated by a mobile embrittling element (e.g. 
S in steel), (ii) Application of stress causes a rising 


Table 4. Temper-embrittlement susceptibility as measured by the 
shift in ductile-to-brittle fracture appearance transition temperature 
(AFATT) (ref. 15) 


Microstructure 

AFATT, °C 

Ferrite + pearlite 

<20 

Bainite 

25 

Martensite 

58 


Table 5. 

Rate of segregation of N, P and S at different tempera¬ 
tures in Ni Cr Mo V power plant steel (ref. 5) 

Kinetics of 
Temperature segregation 

Material 

condition 

Stressed 

(K) 

3 HJd log t 

Unstressed 

(353 MN/m^) 

773 

N 

0.08 

0.12 


P 

0.24 

0.28 


S 

~0 

0.02 

823 

N 

0.079 

0.126 


P 

0.447 

~1.0 


S 

~0 

0.063 

853 

N 

0.215 

0.274 


P 

0.284 

0.647 


S 

0.0210 

0.082 
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stress profile at the crack tip, providing a driving force 
for the diffusion of the element (S). The result is 
decohesion at a critical value of the combination of 
stress and S concentration and the crack advances (Figure 
11). (iii) The process repeats. This stepwise crack growth 
is manifest as striations on the fracture surface revealed 
clearly in SEM picture (Figure 11). Dynamic embrittle¬ 
ment has been associated with such a common-place 
industrial process as stress-relief cracking of low-alloy 
steels^"^’^^ as well as low ductility intergranular fracture 
of as-quenched steels operated at elevated tempera- 
tures'^’^'. 


Rate of cooling 

The rate of cooling, either after solution annealing or 
after ageing, that alloys containing trace elements are 
subject to, influences the degree of embrittlement. Step 
cooling methods have led to considerable embrittlement 
in metals. On the other hand, investigations have shown 
that embrittlement susceptibility is suppressed at cooling 
rates in excess of SOK/h (ref. 11). Figure 12 shows 
that elemental segregation is strongly influenced by the 
applied cooling rate, A comparison of Figure 1 a with 
Figure 12 suggests that cooling from 773 K at 15 K/h 



Figure 7. Interaction severity, <p, as a function of microstructure for 
the cooperative and site-competitive interaction processes in 
2.6%NiCrMoV low alloy steel (ref. 11). 


alters the behaviour of grain boundary coverage of 
practically all the elements. The increase in grain bound¬ 
ary coverage is more marked in the case of P. This 
enhancement is a consequence of the decreasing solubility 
of P with decreasing temperature. Thus slow cooling, 
after solution annealing or ageing, can be potentially 
dangerous due to enhanced segregation of detrimental 
elements. 

The precipitation hardened stainless steels, which are 
prone to grain boundary phosphorous embrittlement (to 
be discussed in the next section), are a typical instance 
in the context of a discussion of the cooling rate that 
the material is to be subjected to, after the ageing step 
in their heat treatment. Our studies^^ have shown that 



Figure 8. a, Segregation isotherm recorded at 773 K for low alloy 
steel stressed at 36 kg/mm^ (ref. 8). b, 6?l6Cr as a function of time 
at 773 K for low alloy steel in: (i) Unstressed condition and stressed 
(ii) 36 kg/mm^, (iii) 41 kg/mm^ and (iv) 47 kg/mm^ conditions (ref. 8). 
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Figure 9. a, Grain boundary segregation isotherms recorded at 883 K on unstressed low 2.6%NiCrMoV alloy steel. Bars indicate the range 
over which values were observed (refs 11, 18). b, Grain boundary segregation isotherms recorded on the same steel in the stressed condition 
after prior ageing of specimens in the unstressed condition for 2160 ks at 883 K (ref. 18). 



Figure 10. A schematic of the grain boundary diffusion process 
involved during stress ageing. 

the use of water-quenching, instead of the conventional 
practice of air-cooling, results in 30-40% improvement 
in impact toughness with insignificant (only 2-3%) 
penalty in yield strength (Figure 13). In line with the 
slow cooling rate data presented in Figure 12, Auger 
studies of slow cooled samples indicated considerable 
grain boundary enhancement of P, whereas no such 
evidence of P was seen in the waterquenched samples. 


Precipitation hardened stainless steels 

The case of precipitation hardened stainless steels, pro¬ 
duced at Midhani, Hyderabad, presents a notable example 
of the relevance of grain boundary segregation processes. 
These steels, which have the nominal composition (by 


wt.%) Fe-17Cr-4Ni-3Cu-0.4Mn-0.25Nb-0.2Si-0.02C-0.02 
P-0.005S, are used in applications requiring superior 
mechanical properties combined with corrosion resis¬ 
tance. Midhani have supplied these steels to the 
Department of Atomic Energy for making nuclear power 
reactor components. During the course of their produc¬ 
tion, the steel was found to be prone to inconsistencies 
in impact toughness values in the products. There was 
heavy scatter in product impact toughness values from 
heat to heat, and from batch to batch for the same 
heat-treated condition. Although the tensile properties, 
namely yield strength, ultimate tensile strength and 
ductility parameters (per cent elongation and per cent 
reduction in area) were quite consistent and above the 
specified levels, the impact toughness values were found 
to scatter over a wide range from 5 to 120 Nm for 
fixed bulk content 0.28 wt% Nb. 

Auger electron spectroscopy studies^^ conducted on 
samples from different heats indicated the presence of 
P at the grain boundaries. The grain boundary concen¬ 
tration of P was slightly on the lower side for the low 
C-content (-0.02%) melt in comparison with the melt 
with relatively higher C-content (0.035% C), which 
yielded in AES maximum segregation of P at the grain 
boundary. The impact toughness behaviour was opposite 
to that of the grain boundary concentration of P (Figure 
14). 

The strong dependence of impact toughness with bulk 
C-content was explainable in terms of Nb-C, Nb-P 
interactions. With the increase in bulk C-content, the 
grain boundary concentration of P would increase, be¬ 
cause more and more Nb gets tied-up with C as NbC, 
and less is available to interact with P to form NbP. 
This would be so because the chemical interaction 
energy^^^ for Nb-C interaction (- 100-400 kcal/mol) is 
greater than that for Nb-P interaction (~ 30-50 kcal/mol). 
Phosphorous segregation was maximum at a C-concen- 
tration of 0.035%, corresponding approximately to the 
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value necessary to precipitate all of Nb (0.28%) as NbC 
with no Nb being available for interaction with P, or 
free dissolved C which could displace P from the grain 
boundaries. In melts with C-contents greater than 0.035%, 
the presence of free or excess C (Figure 14) displaces 
P effectively from the grain boundary, through C-P 
site-competitive process and, through resulting occupa¬ 
tion, enhances grain boundary cohesion. Thus, at C- 
content greater than 0.035%, the grain boundary 
concentration of P is low. 

Two distinct regimes are thus delineated (Figure 14): 
(a) a low toughness regime characterized by high grain 
boundary concentration of P and formation of Nb-C in 
the grain interior because of strong Nb-C interaction 
(Nb/C ratio > 6 but less than 20) and (b) a high toughness 
regime (Nb/C < 6), where grain boundary P is displaced 
by C through site-competitive process. The scatter in 
impact toughness values, as described above, was baffling 
as it occurred even though the chemical composition of 
the steel was as per specification in respect of each of 
the alloying elements. Once the Nb/C ratio was ensured 
to be less than 6, the product exhibited consistently 
high and acceptable impact values. 

Thermodynamic analysis of grain boundary 
cohesion 

A thermodynamic analysis in terms of free energy of 



r ^ . ^ ■ ‘,innnm 


INCREMENT OF 
CRACK ADVANCE 

Figure 11. a, An intergranular rractLire surface ofCii-Cr alloy showing 
striations with line-up of voids containing.Cr-paiticles (ref. 23). The 
presence of striations in the intergranular region is consistent with 
quasi-static, step-wise crack growth expected in dynamic embrittlement 
(b) (ref. 20). 
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segregation has been attempted^^ for the delineated low 
and high toughness regimes of Figure 14 following the 
approach of Rice and Wang^^ and Olson^^ 

With reference to the first regime, which was char¬ 
acterized by low impact toughness and grain boundary 
segregation of P, the grain boundary segregation free 
energy of P can be obtained from^"^ 

0p/(l =X^[P] exp (-AG^[?]/Rn (1) 

where 9^ is the grain boundary concentration of P, 
X^[P] is the bulk concentration of P, AGjJ'[P] is the 
segregation free energy of P, R is gas constant and T 
is the temperature in Kelvin. 

The values of AG^^[P] obtained from equation (1) for 
regime I, after substitution of appropriate values from 
Figure 15 b, are presented in Figure 15 c. The experi¬ 
mentally calculated values are in the range 38-49 kJ/moL 
With reference to regime II, which is characterized 
by grain boundary displacement of P by carbon (site- 
competitive process), equation (1), can be written as: 

0p = X®[P] (1 -0p-0c) (-“ AG«[P]/7?7), (2) 

0^ = X\C] (l-0p-0c) exp(-AG“[C]/i?r), (3) 

where 6^ is the grain boundary concentration of P; 
X^[C] is the bulk concentration of C; AG"[C] is the 
grain boundary segregation free energy of C. In equations 
(2) and (3), it is assumed that there is no energetic 
interaction between C and P. The values of AG"[P] and 
AG^’[C] obtained for regime II, after substituting the 
values of X^[P] and X®[C], 0p, 6q tor each of the 
compositions (heats) presented in Figure 15 were in the 
range 33-42 kJ/mol and 60-72 kJ/mol, respectively. The 
values of AG;’[P] and AG"[C] were in the scatter band 


ISOTHERMAL KINETICS NON-ISOTHERMAL KINETICS 



Figure 12. Isothermal and non-isothermal kinetic plots for 
2.6%NiCrMoV steel soaked at 773 K and subsequently cooled at the 
rate of 15 K/h. The onset of cooling is indicated by the broken line 
(ref. 11). 
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of ±10kJ/mol and are only marginally lower than the 
reported mean values of AGj^‘’[P] =50kJ/mol and 
AG"[C] = 80kJ/mol (ref. 34) obtained for much simpler 
systems. 

Rice and Wang^^ have presented a thermodynamic 
framework for treating the embrittlement of interfaces 
by solute segregation in terms of the ideal work of 
interfacial separation, Their hypothesis suggests 

that the control of 2y.^^ is the most effective means of 
enhancing interfacial fracture resistance and that the 
embrittlement (or ductilization) by impurity solute seg¬ 
regation can be explained in terms of the effect of 
segregation on 27 .,such thaP^: 

2yi„. = (2yJ„-(AG“-AG>, (4) 

where ( 27 j^j)^ is the work of separation of the clean 
interface, r is the excess interfacial solute coverage 
(concentration of segregant per unit area at the interface), 
and AG"-AG" are the free energies of segregation of 
the solute to the boundary and the free surface respec¬ 
tively, evaluated at the temperature of fracture, (taken 
as 300 K). Equation (4) predicts that a segregating solute 
with a greater (more negative) segregation energy at a 
free surface compared to an internal boundary will 
embrittle (reduced 2 y.^^), while one with a lower energy 
at a boundary compared to the free surface will enhance 
interfacial cohesion (increased 27 ^^^^)^^'^^. The results of 
fracture experiments which can enable the determination 
of the change in • 27 j^^ as a consequence of solute 
segregation are not available. However, the effects of 
segregants are available in terms of their effect on the 
ductile-brittle transition temperature (DBTT). The effects 
of embrittling elements have generally been reported as 



AGING TEMPERATURE, K 

Figure 13. Influence of post ageing quenching treatment on impact 
toughness of l7Cr-4Ni precipitation hardened stainless steel (refs 11, 
28). 
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variations (5(DBTT) in DBTT associated with variation 
in solute coverage, dr and correlated as: 

diDBTT) =ZE6r, (5) 

where E is the embrittlement sensitivity in Kel- 
vin/atomic% of solute at the grain boundary. The best 
measure of embrittling sensitivity available is the shift 
of intergranular ductile-brittle transition temperature per 
amount of segregated solute. According to the hypothesis 
of Rice and Wang^^ solute segregation influences DBTT 
through its effect on 27 j^^. Thus from the above discussion: 

(dDBTT/dr) oc (A G“-AG^). ( 6 ) 

Since DBTT values for different industrial heats of this 
17-4 PH stainless steel containing varying carbon content 
were not available, DBTT was considered to be inversely 
related to the impact toughness and a plot was attempted 
of the inverse of the product of impact toughness and 
atomic% segregant (considered to represent embrittlement 
sensitivity and denoted as E) as a function of AG^"- 
AG" (Figure 16). The value of - AGj°(76-80 kJ/mol) 
taken for determination of AG”-AG" corresponds to 
AES-based surface segregation data in polycrystalline 
iron^^. The range of the observed values of and the 
corresponding range AGj^"-AG", for each of the heats 
is depicted in the form of a box by a solid line, followed 


Nb/C 



0.02 0.04 0.06 0.08 


% CARBON 

Figure 14. Variation of impact toughness and intergranular atomic% 
P with % C in 17-4 PH stainless steel (ref. 29). 
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by summarization with broken lines. Figure 16 predicts, 
as in the work of 01son^^ that P, an element with more 
positive AGjJ’-AG”, is more embrittling as compared to 
C with less positive AG^"-AG/ and supports the results 
presented^^ in Figure 15. The approach of using AG^J^- 
AG°, as one of the parameters, for understanding in¬ 
tergranular embrittlement and its control at the electronic 
level is being further advanced and we will describe 
this aspect briefly in the last section. 

Thermodynamic and electronic basis of 
embrittlement 

There are a number of issues pertaining to the phenomena 
and the results described above that require explanation 
on a more fundamental basis. In this respect, important 
contributions have been made by Rice^^ and Olson^^, It 
is instructive to briefly describe their approaches. 

The problem that is to be addressed is the commonly 


observed phenomenon that iron is embrittled by grain 
boundary segregation of P and S, as also trace impurities 
of elements belonging to groups IV and V (tin, antimony 
and arsenic). On the other hand, a small amount of 
dissolved C alleviates the situation. The explanation is 
that C experiences a strong attraction to the grain 
boundaries which, when happens, displaces embrittling 
impurities such as P from the grain boundaries (e.g. the 
case of 17-4 PH stainless steel discussed above). There 
is evidence’ to suggest that carbon increases the cohesive 
strength of iron grain boundaries. This seems to be true 
also of two other interstitials, B and N, as experimental 
observations indicate with respect to their behaviour in 
transition metals and alloys (e.g. the celebrated discov¬ 
ery^^ of trace B ductilizing brittle intermetallic Ni 3 Al 
which has made possible industrial products out of 
Ni 3 Al). The covalent radii of these interstitials are larger 
than their lattice sites. The driving force for their seg¬ 
regation is provided by the release of elastic energy 
















RESEARCH ACCOUNT 


when the interstitials migrate to the larger spaces avail¬ 
able at incoherent, large angle grain boundaries'"^. The 
driving force is also attributable to the large Pauli 
repulsion energy of the electrons of these atoms in sites 
of high host electron density such as unrelaxed interstitial 
sites in the transition metals^^. The aim here is to 
understand the interactive effects observed in the seg¬ 
regation behaviour (e.g. as noted in the work on seg¬ 
regation isotherms). The question, however, which 
remains to be answered is that why does P act as a 
grain boundary embrittler while C or B perform as 
enhancers of grain boundary cohesion? 

Before dealing with the above question, reference must 
be made to the work of Dumoulin and Guttman^^ who 
have studied, from a thermodynamic perspective, the 
segregation of metallic additions to iron (Ni, Cr, Mo 
and so on) and metalloid impurities (P, Sb, C, S, N 
and so on). Quantitative measurements were made of 
equilibrium segregation of the metal and the metalloid 
elements as a function of temperature. Using these 
measurements, the published thermodynamic and solid 
solubility data, solid state physics properties that reflect 
the propensity to short or long range order, Dumoulin 
and Guttman^^ have assessed and classified interaction 
coefficients at the free surface between the metal and 
the metalloid elements playing a role in grain boundary 
embrittlement and compared them with the corresponding 
values at the grain boundaries and with bulk values. 
This work broadly rationalizes the observed segregation 
behaviour of the metal and the metalloid elements and 
the interaction processes among trace and alloying 
elements. 

Returning to the question of the action of P or C at 
the grain boundary site, the principle is contained in 
the equation (4) used in the previous section. The 
principle^^ is that 2y.^^ can be regarded as the controlling 
interfacial property. the work of separation of clean 
interface, is the ideal work of separating an interface 
against atomic cohesion and is given by (Figure 17) the 
area under the plot of stress cr versus separation distance 
X. The competition between brittle interfacial cleavage 
separation and crack tip blunting by dislocation emission 
governs the observed brittle or ductile behaviour. 

Brittle fracture occurs when 

^disl ^ 

and ductile failure prevails when 

where is the critical crack extension force (or strain 
energy release rate) for crack tip dislocation emission. 
This is the basis of the equation (4). 

The experimental and available thermodynamic data 
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for Fe grain boundary and free surfaces with impurities 
such as P, C, B, Sn, Sb, S support the relationship 
expressed in equation 4. 

The value of AG°-AG° is related to the interatomic 
chemical bonding and can be determined by using the 
state-of-art quantum mechanical calculations. Olson et 
al?'^ have carried out full potential linearized augmented 
plane wave (FLAPW) total energy calculation using a 
slab model for the grain boundary as well as free surface 
to investigate the effect on cohesion of a segregant like 
P or B (effect of B analogous to that of C) impurity 
in the boundary and the corresponding free surface. 
E3 [ITO] (111) grain boundary is studied for this 
purpose. (2 3 refers to a spatial orientation relation 
between crystals for which one in 3 lattice points is 
coincident), [iTO] to crystal indices of the axis of 
misorientation and (111) to the habit plane of the 
boundary). The authors obtained equilibrium geometries 
from DMOL cluster force calculations. The calculated 
binding energies are composed of (a) mechanical energy 
component arising from structural relaxation associated 
with the presence of the impurity, a chemical component 
and a magnetic contribution. P is a larger atom (1.09 A) 
compared to B (0.97 A) but the mechanical energy 
difference is not very significant. P has three 3p electrons 
(lS^2S^2p^3S^3p^) while B has one 2p electron 
(lS^2S^2p') with the result that the lone 2p electron in 
B occupies the state leaving the state empty; the 
p state hybridizes with the neighbour Fe d^ state causing 
charge transfer from the in-plane p^^ state to the vertical 
pz state^'^ Thus B-Fe bonding shows stronger spatial 
anisotropy. B effects on magnetization of the surrounding 
atoms is weaker but it turns out that, for B at free 
surface, (AG^), the reduction in chemical energy com¬ 
ponent is much greater (one out of two B-Fe bonds is 
broken in free surface while three out of five bonds 
are broken for P). Therefore the chemical part of 
AG"-AG" for B in equation 4 is nearly twice as large 
as that for P (ref. 39). 



Figure 17. A schematic of stress versus separation distance normal 
to an interface. 
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Concluding remarks 

The discussion points to a grand manner of coming 
together of the mechanics engineer, the materials scientist 
and the quantum physicist and the effectiveness of 
thermodynamics as a medium of communication across 
disciplines. The design of steels for specific property 
development has traversed a long path. The journey has 
not ended despite the advent of ultra high strength steels 
(with yield strengths of about 2000 MPa) and ultra high 
fracture toughness (in excess of 100 MPaVrrT). There is 
the issue of stress corrosion cracking resistance, typically 
a grain boundary property. The understanding of the 
type that has emerged hopefully will result in ab-initio 
successful design approaches to design against stress 
corrosion cracking failure at high strength levels. 
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Our threatened archaeological heritage: 
A case study from the Tamil Nadu coast 


Sundaresh, A. S. Gaur and R. R. Nair 

National Institute of Oceanography, Dona Paula, Goa 403 004, India 


From the beginning of the Christian era, a number of 
sites having contact with the Roman world were in 
existence on the coastal belt of India. There are several 
indirect references in the literature which suggest that 
the shifting of shoreline was one of the major threats 
to habitation. 

The present paper deals with the archaeological 
evidences for the shifting shorelines on the east coast 
of India. The basic data were collected during under¬ 
water archaeological exploration of Poompuhar during 
the last five years. A reference to the ancient map of 
Tranquebar prepared by Danish rulers in mid 17th 
century has been made to establish the shoreline shift. 
We present here information about archaeological 
structures on the Tamil Nadu coast which have with¬ 
stood the test of time but are nevertheless in danger 
of being destroyed during the present time. The reason 
for this* is discussed and we are of the opinion that 
they are due to the combination of man made and 
natural causes. 


Emergence of any human settlement or civilization along 
the coast is dependent on the stability of the coastline 
with time. It is believed that the shifting of coastline 
was one of the causes for decline of the Indus Valley 
civilization'. From the beginning of the Christian era, 
a number of sites having contact with the Roman world 
were in existence on the coastal belts of India. The 
Roman colonies settled mostly along the east coast. 
Several indirect references exist in the literature which 
suggest that the shifting of shoreline was one of the 
major threats to habitation. The Mahabharata mentions 
that Dwarka was destroyed by the sea'. The Marti- mekhalai 
of the Tamil Sangam literature mentions the destruction 
of Puhar (present Poompuhar) by the sea during the reign 
of Chola king Ilangkilli^ These references clearly indicate 
that migration of the shoreline and associated effects had 
an impact on the human settlement. 

We present here archaeological evidences for shifting 
shoreline on the east coast of India. These include the 
data collected during underwater archaeological explo¬ 
ration of Poompuhar and a reference to the ancient map 
of Tranquebar prepared by Danish rulers , 

Methodology 

Onshore and intertidal areas 

Onshore intertidal explorations were conducted in Poom- 
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puhar and surrounding sites, Tranquebar, Vanagiri, 
Chinnavanagiri and Nayakankuppam (Figure 1). A num¬ 
ber of archaeological remains exist all along the Tamil 
Nadu coast, particularly between Nayakankuppam to 
Tranquebar. These remains include terracotta ring-wells, 
pottery, brick structures, etc. Offshore explorations in 
Poompuhar and Tranquebar were conducted with the 
help of echo-sounder, side scan sonar and sub-bottom 
profiler. The diving operations were extended from initial 
prime sites to the adjoining areas. Each diving campaign 
covered an area of about 15,000 m^ in a circular search 
pattern. Subsequently, airlifting work was undertaken to 
expose the objects buried in the sediments. 


Results 

Poompuhar and around 

A brick structure of 1.2 m height, 1.2 m width and 4 m 
length exposed in intertidal zone of Poompuhar and in 
all 11 courses of bricks were recorded'' (Figure 2). Based 
on the brick size (36x18x6 cm) this structure dates 
to approximately early century of the Christian era. The 
present location (intertidal zone) cleai'ly indicates a hu¬ 
man habitation followed by a landward migration of the 
shoreline. 

Four brick structures with a width of 3.4 m are visible 
in low tide zone off Kaveri mouth located at 60 m 
seaward and at 1 m water depth". These structures stand 
in north-south direction in a line with a total length of 
25 m. The brick size is 22x13x6 cm, suggesting the 
Danish period (17th century AD). 

The ring-wells at Poompuhar (Figure 3) and at Vanagiri 
were noticed during low tide^ These ring-wells were 
generally used for fresh water. 


Temple at Vanagiri 

The Masalamani temple at Vanagiri, dated approximately 
to 11th century, is presently under threat of destruction 
(Figure 4). About 50% of the structure has already been 
destroyed (Figure 5) and submerged in the sea. The 
temple is constructed with brick walls, stone lintels and 
pillars. This is a clear evidence to show the advance 
of the shoreline in the last 900 years. 
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Figure 1. Map showing the location of archaeological sites in and around Poompuhar/Tranquebar, 
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Figure 2. A 4th century AD brick structure exposed in intertidal Figure 3. An ancient terracotta ring-well in intertidal zone of Poom- 
zone of Poompuhar. puhai-, used for obtaining fresh water. 
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Tranquebar 

The earliest habitation in Tranquebar goes back to later 
Chola period (9th century AD) and continued till today. 
Local people collect the Chola/Dutch and Danish coins 
during low tides and sell them. Probably these coins are 
being extracted by the wave action on the coastal section. 

A Siva temple of the Chola period is presently the 
potential target of Tranquebar sea (Figure 6). The sea 
has already destroyed more than 50% and is likely to 
engulf the entire temple in the near future. This temple 
is also built with bricks and stones. Even during low 
tide, about 25% of the temple remains in the sea and 
this is yet another instance of an advancing shoreline. 

Evidence exists on the remains of a Dutch Fort have 
been submerged in the sea. They are located 100 m 
away from the present-day shoreline. This is partly 


exposed during low tide (Figure 7). Two brick wells 
of the Danish period can be seen at the intertidal zone. 
In addition, several other structures can be seen during 
low tide. There are also evidences in Tranquebar about 
the destruction of modern houses due to encroachment 
of the sea in the recent past. 

A mid 17th century map of Tranquebar has been 
displayed in the Dansborg Museum at Tranquebar. It 
shows a complete plan of the town along with the then 
shoreline (Figure 8). A careful study of the map suggests 
that: i) the Tranquebar town was well-protected by a 
seaward fort wall, and ii) the Siva temple was sufficiently 
landward within the fort wall. It is estimated that during 
the 17th century AD, the shoreline was at least 50 m 
away from the fort wall and the temple located around 
250-300 m from the shoreline. This observation suggests 
that the shoreline has transgressed about 300 m in the 
last 300 years infringing at an average rate of one metre 
per year. 


Figure 5. Closer view of the Temple at Vanagiri and shore features 
(photographed in February, 1997). Note the great destruction of the 
temple in the last 6 years. 


Figure 7. Remains of a 17th century Dutch Fort in the sea of 
Tranquebar. 
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Figure 8. Map of Tranquebar foit of mid-17th century AD (copied lYom Densborg Museum Tranquebar, Tamil Nadu). 


Ojfshore explorations at Poompuhar 

There are two large areas in the sea at 5 to 8 m water 
depth where habitational remains were located: a) south 
of Poompuhar consisting of a number of stone blocks, 
rolled bricks and pottery. The airlifting operation at 
these places indicates that the remains have been buried 
in the sediment. Similarly, at a second site towards 
north of Poompuhar a few dressed stone blocks 
were noticed. These stone blocks occur in three 
general dimensions (30 x 20 x 5 cm, 65 x 40 x 10 cm and 
60 X 35 X 10 cm). Grey ware pottery, consisting of a part 
of a bowl and another potsherd of a huge storage jar 
were also found at 1 m depth below the seabed. These 
were buried below compact clay and loose sand. On 
the basis of size and shape of the pottery, the remains 
date back to early centuries of the Christian era^ 

Discussion 

The explorations at Poompuhar and Tranquebar 
demonstrate that the sea has gradually encroached the 
land to a greater extent since the last 2000 years. 

It is worth mentioning here that, in 1973 the Kannagi 
statue was installed at the shore of Poompuhar about 
200 m away from the high water line (Figure 9), and 
in 1994 it was shifted about 150 m landward because 
the structure was destroyed by the sea (Figure 10). 
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Figure 9. Fallen pede.stal of Kannagi statue installed in 1973 at 
Poompuhar. 


Similarly, other monuments at Poompuhar were also 
destroyed by the sea (Figure 11). 

Factors responsible for the land erosion may include 
the construction of several dams along the course of 
river Kaveri since 1900 AD for irrigation and hydro¬ 
electricity. The rivers discharge significant amount of 
land-derived detritus to the sea, thus maintaining a 
dynamic balance between the coast line and the sea. 
The influx of sediment to the sea by Kaveri has been 
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Figure 10. The same Kannagi statue reinstalled in 1995 about 150 m 
landward at Poompuhar. 


reduced to negligible amount due to the construction of 
several dams, resulting in a disturbed natural balance. 
This human-induced disturbance appears to have with¬ 
drawn the natural resistance to the waves. Subsequently, 
the sea began to erode the coast line, leading to sub¬ 
mergence of several ancient coastal structures of the 
Poompuhar. 

At Tranquebar, which is situated 15 km south of 
Poompuhar, there is a clear indication of coastal erosion 
from the last 300 years. From the Figure 8 it can be 
suggested that the. southern bastion of the fort was 
protecting the present Dansborg museum, but there is 
no barrier against the temple, causing the great destruc¬ 
tion. Thus, ancient habitational sites are being damaged 
badly by the wave action because there is no proper 
protection for them. 

While the immediate cause of coastal erosion is the 
removal of sand from the beaches that results in 
destabilization and destruction of coastal structures, the 
ultimate causes need to be addressed. 

The Bay of Bengal, whose western boundary is formed 
by the east coast of India, is a rather unusual sea. The 
Bay of Bengal is subjected to a large number of high- 
intensity cyclones compared to the Arabian Sea. Cyclones 
are short-lived phenomena, capable of causing immense 
amounts of destruction when they cross the sea and hit 
the coastline. The destructive power of cyclones at 
present and in the past along the coast of Madras, 
Andhra, Orissa and Bangladesh is sufficiently well- 
documented. 



Figure 11. Monument at Poompuhar built in 1973, destroyed by the 
sea. 


The next geological peculiarity that can contribute to 
the coastal erosion is the narrowness of the eastern 
continental shelf. This shelf is less than 50 km in width, 
in contrast to the western shelf which is a few hundred 
kilometres wide. Wave propagation over a narrow shelf 
results in low frictional loss of energy and thus expends 
much energy on the coastline, causing a great degree 
of coastal erosion. 

Superimposed on these factors is the net rise in global 
sea level. Recent evidences from the west coast of 
India^’^ and from widely scattered regions such as Florida^ 
in the Atlantic indicate episodic and rapid rise and fall 
of the sea level. The rates reported are about a metre 
per century over a time period of 500 to 1000 years. 
These findings have now dispelled the notion that sea 
level is a stable and unchanging datum. The inference 
drawn from the above is that during a period of rising 
sea level the zone of erosion shifts landward (sub¬ 
mergence), and during a fall in sea level, the zone of 
erosion shifts seaward, resulting in seaward progradation 
of land. An example of this is the location of ancient 
ports at Korkai and Algankulam in south Tamil Nadu 
coast far inland but which were patently designed and 
located to be on the shoreline. 


Conclusion 

The coastal erosion in Poompuhar and Tranquebar region 
has been occurring for 2000 years. The archaeological 
records suggest that, the erosion has become more 
vigorous in the last 100 years. If this rate of erosion 
continues, then in the next 50 years temple of Vanagiri 
and the fort and temple at Tranquebar will be submerged. 
It is time for scientists, archaeologists, bureaucrats and 
policy makers to address the severe problems of erosion 
and evolve a proper strategy for the protection of coastal 
archaeological sites. 
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Interaction of porphyrins with 
concanavalin A and pea lectin 

Kancheenadham Bhanu, Sneha Sudha Komath, 
Bhaskar G. Maiya and Musti J. Swamy 

School of Chemistry, University of Hyderabad, Hyderabad 500 046, 
India 

Currently porphyrins are used as photosensitizers in 
photodynamic therapy for the treatment of cancer. 
However, this approach suffers due to the inability 
of many porphyrin-based drugs to accumulate pref¬ 
erentially in tumours. In view of this, we considered 
if the carbohydrate-binding proteins, lectins, which 
preferentially recognize malignant cells, could be used 
for the targeting of porphyrins to tumour cells. In 
the present study, we have investigated the interaction 
of a free base porphyrin, me^o-tetrasulphonatophenyl- 
porphyrin and the corresponding metal derivative, 
mcso-zinc-tetrasulphonatophenylporphyrin with two 
legume lectins, concanavalin A and pea {Pisum sati¬ 
vum) lectin. Each lectin subunit was found to bind 
one porphyrin molecule and the association constant, 
K^, estimated from absorption and fluorescence titra¬ 
tions at room temperature (28 ± 1°C) was in the range 
of 1.2 X 10^ to 6.3 X lOM M"^ Both free lectin and 
lectin saturated with the specific saccharide were 
found to bind the porphyrin with comparable binding 
strength, indicating that porphyrin binding takes place 
at a site different from the sugar-binding site. These 
results indicate that lectins may potentially serve as 
drug-delivery agents for porphyrin sensitizers in pho¬ 
todynamic therapy. 

Lectins are ubiquitous carbohydrate-binding proteins of 
non-immune origin, which agglutinate cells or precipitate 
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polysaccharides or glycoconjugates‘. In recent years lect¬ 
ins have become increasingly important as tools for the 
study of carbohydrates, both in solution and on cell 
surfaces^ The sugar-binding and haemagglutinating pro¬ 
perties of lectins are used for preparative and analytical 
purposes in biochemistry, cell biology and immunology. 
Some lectins have the ability to interact preferentially 
with transformed cells and hence they have been sug¬ 
gested for use as carriers for targeted delivery of 
chemotherapeutic agents. For example, conjugates of 
concanavalin A (Con A) and the a-chain of diphtheria 
toxin^ or ricin"^ have been prepared and tested for targeting 
the toxin to tumour cells. In addition to binding of 
carbohydrates, lectins are also known to bind other small 
molecules such as 1,8-anilinonaphthalenesulfonate (ANS), 
2,6-toluidinylnaphthalenesulfonate (TNS), adenine and 
cytokinin^"^. 

Photodynamic therapy (PDT), a new modality for 
cancer treatment that utilizes porphyrins and metallo- 
porphyrins as sensitizers^ has attracted a great deal of 
attention in recent years. When irradiated with light of 
the appropriate wavelength, these sensitizers go into the 
excited state and interact with molecular oxygen, con¬ 
verting it into the singlet state, ultimately resulting in 
tumour necrosis^. However, the selectivity of these sen¬ 
sitizers towards tumour cells is not always sufficient 
for PDT to be specific for the tumour tissue alone**’. 
One possible way to improve the ability of the photo¬ 
sensitizers to target tumour tissues specifically is to 
couple them with another agent which can preferentially 
interact with the malignant cells. 

The above considerations prompted us to investigate 
if lectins could be used as carriers for the targeted 
delivery of porphyrins to tumour cells so as to increase 
their therapeutic potential. We have, therefore, undertaken 
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systematic studies on the interaction of porphyrins with 
plant lectins and, herein report on the binding of a free 
base porphyrin, me 5 -^)>tetrasulphonatophenylporphyrin 
(H 2 TPPS) and the corresponding metal derivative, 
me*so-zinc-tetrasulphonatophenylporphyrin (ZnTPPS) (Fig¬ 
ure 1) with two legume lectins, viz. Con A and pea 
(Pisum sativum) lectin (PSL). These two lectins have 
been chosen because (i) they bind various hydrophobic 
ligands^'^’^’ and (ii) Con A recognizes preferentially 
malignant cellsand shares extensive sequence homology 
and structural similarity with pea lectin‘1 
Con A and pea lectin were purified from jack beans 
and peas by affinity chromatography on Sephadex G-50 
and Sephadex G-lOO, respectively^'^’^^ After elution, the 
lectins were dialysed exhaustively against lOmM Tris- 
HCl buffer containing 0.15 M NaCl, 1 mM MnCl^ and 
1 mM CaCl^ and concentrated by lyophilization. The 
purified lectins were found to be homogeneous by 
polyacrylamide gel electrophoresis under non-denaturing 
conditions*^ and their activity was checked by aggluti¬ 
nation assay. The concentrations of the purified lectins 
were estimated spectrophotometrically by using 
^ 1 %, icm yaiues of 12.4 for tetrameric Con A and 15.5 
for PSL*^’ \ Methyl a-mannopyranoside (MecuMan) 
was a product of Sigma Chemical Company, USA. 
H^TPPS (tetra sodium salt) was obtained from Alfa 
Inorganics, USA. ZnTPPS (tetra sodium salt) was pre¬ 
pared according to a reported procedure''^ 

The absorption spectra were measured on a JASCO 
7800 double beam spectrophotometer with the overlay 



M = 2H H2TPPS 

M= Zn(n) ZnTPPS 

Figure 1. Structures of the porphyrins and ZnTPPS. 


mode for porphyrin solutions having optical density 
<1.0. The fluorescence measurements were carried out 
on a JASCO FP777 spectrofluorometer for porphyrin 
solutions whose optical density at the excitation wave¬ 
length was <0.1. Right angle detection was employed 
and the bandwidth was 5 nm for both excitation and 
emission monochromators. Dilution effects were appro¬ 
priately taken care of in all the titrations. 

Initial studies on the binding of porphyrins to Con A 
and pea lectin were performed using absorption spec¬ 
troscopy by monitoring the changes in the absorption 
properties of the porphyrin when a 2.0 ml solution of 
the porphyrin was titrated with small aliquots of a 
concentrated solution of the lectin. The absorption spec¬ 
trum of H^TPPS is shown in Figure 2. In order to 
investigate the binding of H 2 TPPS to the lectins, changes 
occurring in the absorption intensity at the peak of the 
Soret band (410-430 nm, e = 10^ M“* cm“*) were moni¬ 
tored. Upon addition of Con A or pea lectin, the 
absorbance of H 2 TPPS decreased by about 5-7% of the 
initial value. Absorption titration curve for H 2 TPPS-bind- 
ing to Con A is presented in Figure 3. It can be seen 
from this figure that binding of the porphyrin to the 
lectin leads to a sharp decrease in the absorbance 
initially, whereas, at higher lectin concentrations the 
change in absorbance decreases in a more gradual manner, 
i.e. binding of the porphyrin to the lectin displays a 
saturation behaviour. A plot of (A^AA) vs (1 /[P]t), 
where AA refers to the change in absorbance of the 
sample at the total protein concentration (in subunits) 
in the sample, and A^ corresponds to the absorbance 
of the sample in the absence of protein, yielded a 
straight line (not shown). From the ordinate intercept 
of the plot, A^, the absorbance of the sample at infinite 
protein concentration was obtained. Subsequently, log 
[P]p, where [P]p is the free protein concentration, was 
plotted against log {(AA)/(A^ - AJ} (Figure 3, inset). 
The abscissa intercept of this plot yielded the pK.^ value 
of the Con A-H 2 TPPS interaction according to the 
relationship^**: 



Figure 2. Ab.sorption spectra of H^TPPS. Spectrum recorded at a 
concentration of (a), 2.2xlO"^M and (6), 3.4xlO"^M. 
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log{(AA)/(4-AJ}=logi^, 

+ log {[P]j-[M]r (AA/AAJ), (1) 

where A^ is the absorption intensity of the sample at 
any point during the titration, [M]^ is the total concen¬ 
tration of the ligand, and [P]p, the free protein concen¬ 
tration, is given by: 

(AA/AAJ). (2) 

The slope of the linear least square fit of the plot in 
Figure 3 (inset) was found to be 1.3, indicating that 
there is one porphyrin-binding site on each lectin subunit, 
whereas from the X~intercept of the plot, the association 
constant, was estimated to be 1.1 x 10"^ Similarly, 
the association constant for the interaction of H 2 TPPS 
with pea lectin was found to be 3.16 x by the 

absorption titrations. 

Fluorescence spectroscopic studies on the binding of 
H 2 TPPS and ZnTPPS to Con A were carried out in a 
manner similar to the absorption spectroscopic studies 



Figure 3. Plot of change in absorption intensity at 414 nm of H 2 TPPS 
as a function of added Con A concentration. Inset: Determination of 
the value for the binding of HjTPPS to Con A by absorption 
titrations. The X-intercept yields the of the binding equilibrium. 
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described above. Experiments were conducted both in 
the presence of 0.1 M MeaMan and in the absence of 
any sugar. Upon binding to the lectin, the fluorescence 
intensity of H 2 TPPS was found to decrease by about 
42% in the absence of sugar whereas in the presence 
of MeaMan the average quenching was about 50%. The 
emission spectra of H 2 TPPS with increasing concentra¬ 
tions of Con A, recorded in the absence of.sugar at 
28±UC are shown in Figure 4 and the corresponding 
fluorescence titration curve is displayed in Figure 5. 
Changes in the fluorescence intensity at infinite protein 
concentration, F^, were obtained from the F-intercepts 
of plots of (FJAF) versus l/[P]j (not shown) and the 
association constants, were determined according to 
the method of Chipman et al}^\ described above for 
the absorption titrations. Equation (2) can be modified 
as shown below to treat the fluorescence titration data 
by substituting the appropriate fluorescence parameters 



Figure 4. Fluore.scence emission spectra of H 2 ^'PPS in the presence 
and in the absence of Con A. The spectrum of highest fluorescence 
intensity is that of H^TPPS in buffer alone and the remaining spectra 
of decreasing intensities correspond to spectra recorded after the addition 
of 5, 20, 60, 120, 170, and 250)11 of 392 |iM Con A (protomer). 
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in place of the absorption parameters [equation (3)]: 

log{(AmF,-FJ] = \ogK^ 

+ log{[P]T-[M],(AF/AFJ}, (3) 

where and F^ are the fluorescence intensities of 

the porphyrins in the absence, in the presence, and at 
infinite concentration of Con A, respectively, and [F]p 
is the free protein concentration. A plot of log 
[{AF)/(F^--FJ} vs log[F]p for H^TPPS^-Con A inter¬ 
action is shown in Figure 5 (inset). 

In an analogous set of experiments, the fluorescence 
intensity of ZnTPPS was seen to be decreased by about 
78% upon binding to Con A in the absence of sugar 
while, in the presence of 0.1 M MeaMan, the porphyrin 
fluorescence was totally quenched. Plots similar to those 
shown for H 2 TTPS in Figure 5 were also obtained for 
interaction of Con A with ZnTPPS (not shown). The 
slopes of these plots arc in the range of 0.9-1.3 and 



Figure 5. Plot of change in fluorescence intensity of H 2 TPPS as a 
function of added Con A concentration. Inset: Determination of the 
K.^ value for the binding of H^TPPS to Con A by fluorescence titrations. 
The X-intercept yields the pK, of the binding equilibrium. 


indicate that the stoichiometry of porphyrin-Con A 
(subunit) complex is unity. The association constants 
determined for the interaction of these two porphyrins 
with Con A in the absence and in the presence of 
MeaMan are presented in Table 1. 

Fluorescence titrations for the interaction of H 2 TPPS 
and ZnTPPS with pea lectin both in the presence and 
in the absence of MeaMan have been carried out. Upon 
binding to this lectin, the fluorescence intensities of 
HjTPPS and ZnTPPS were found to decrease by about 
27% and 57%, respectively, both in the presence of 
0.1 M MeaMan and in the absence of sugar. From the 
titration data, the association constants were calculated 
as described above for Con A-H^TPPS interaction. The 
slopes of plots of log {(AF)/(F^- FJ] vs log [F]p were 
found to be in the range of 0.8-1.3, which indicates 
that there is a single porphyrin-binding site on each 
lectin subunit. The association constants for the binding 
of HjTPPS and ZnTPPS to pea lectin, both in the 
presence and in the absence of MeaMan, determined 
from the X-intercepts of these plots are listed in Table 1. 

From Table 1 it is clear that Con A and pea lectin 
bind porphyrins with moderate to considerable 
affinity. The association constants, K^, as obtained 
by both the fluorescence and absorption titration 
methods are comparable and are in the range of 
1.2 xlO"^ M"^-6.3 X lO'^ M"^ In addition, these values 
are comparable to those observed generally for the 
binding of simple saccharides to lectins. The presence 
of the specific saccharide does not inhibit the porphyrin- 
binding, indicating that porphyrin-binding occurs at a 
site that is different from the saccharide-binding site. 
However, there are some differences in the association 
constants and the magnitude of change in fluorescence 
intensity determined in the presence and in the absence 
of the sugar. It is known that saccharide-binding can 
bring about conformational changes in the lectin structure. 
It is possible that such saccharide-induced conformational 
changes can result in alterations in the association con¬ 
stants and change in fluorescence intensity characterizing 
the porphyrin-binding. 

Hydrophobic ligands such as ANS and TNS have 
earlier been shown to interact with a variety of plant 


Table 1. Association constants estimated by fluorescence titrations 
for the binding of porphyrins to Con A and pea lectin 


Lectin 


Association constant, K,^ 

Porphyrin 

In the absence 
of sugar 

In the presence of 
O.l M MeaMan 

Con A 

H,TPPS 

1.22 X lO" 

1.70 X 10 “ 


ZnTPPS 

5.64 X 10“ 

6.07 X 10“ 

Pea lectin 

H^TPPS 

2.96 X 10“ 

1.30 X 10“ 


ZnTPPS 

2.58 X 10“ 

6.35 X 10“ 


"Error limits: ± 10%. 
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lectins and these interactions are characterized by asso¬ 
ciation constants in the range of 1.0 x 10^ to 1.0 x 10^ M ^ 
(refs 6,7). It is interesting to note that K.^ values for 
the porphyrin-lectin interaction reported here are in the 
same range as those for lectin—hydrophobic ligand and 
porphyrin-serum protein interaction^'. However, the 
interaction of porphyrins with lectins has more potential 
for their targeted delivery because of the preferential 
interaction of the lectins with tumour cells. 

Con A could be completely freed of the porphyrin 
from a Con A-H,TPPS mixture by gel permeation 
chromatography on a column of Sephadex G-50, clearly 
demonstrating that the association *of porphyrin with the 
lectin is reversible. Therefore, in a given solution con¬ 
taining lectin and porphyrin, the porphyrin will exist in 
two forms: associated with the lectin, and free in solution. 
Though only partial association with the lectin is seen 
in the present study, the magnitude of values is such 
that considerable improvement in the preferential local¬ 
ization of the porphyrin in tumour tissues may be 
expected when lectin—porphyrin mixtures are used as 
compared to using porphyrin alone in photodynamic 
therapy. In this regard, it can be noted that, with an 
association constant of ca, 5 x 10"^ M“', under typical in 
vitro PDT conditions, use of about 10"^ M of the por¬ 
phyrin and a ten-fold molar excess of lectin would 
provide more than 80% of the lectin-bound porphyrin 
molecules that are capable of localizing in the tumour. 
Nonetheless, studies with cultured cells and animal 
models are required to evaluate the tumour selectivity 
that can be achieved by using lectin-porphyrin complexes 
in PDT. Additionally, further increase in the tumour 
localization of the porphyrins can be envisaged by 
covalently linking them to the lectins. Future studies 
should be aimed in this direction. 

In summary, this communication reports the first 
demonstration of the interaction of porphyrins with 
lectins. In view of the current interest in porphyrins as 
photosensitizers in photodynamic therapy for the treat¬ 
ment of cancer, this suggests that lectins may be useful 
in tumour-specific targeted delivery of porphyrins. 
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Bioleaching of copper from 
ferromanganese sea nodule of 
Indian ocean 

Seema Khan, Rani Gupta and 
Rajendra Kumar Saxena 

Department of Microbiology, University of Delhi South Campus, Benito 
Juarez Road, New Delhi 110 021, India 

Ferromanganese sea nodule is an abundant low-grade 
metal reserve of Indian ocean. However, it can be a 
potential substrate for bioextraction of metals like 
copper. It has been found that 85% of copper could 
be leached in seven days in batch fermentation using 
Aspergillus spp. at 30°C. Bioleaching of copper was 
found to be organic-acid mediated. Scanning electron 
micrographs revealed eroded areas indicating bio¬ 
solubilization of copper from the nodule. 

Bioleaching of valuable metals like copper, gold, uranium 
has become a prime concern of biometallurgists due to 
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depletion of high-grade metal reserves. The potential 
and ability of microorganisms in mineral biotechnology 
have opened new avenues for the studies on microbial 
leaching''I Leaching of metals using microbes from 
low-grade ores has many advantages over chemical 
leaching because of its eco-friendly and cost-effective 
nature. Chemolithotrophs, viz. Thiobacillus, Sulfolobus, 
Bacillus, are amongst the potential microbes used for 
bioleaching^"^. However, since they are all acidophiles, 
alternatives to these extremophiles are being searched 
for substrates which shift the pH of the leach liquor 
above 5.0 (ref. 6 ) like ferromanganese sea nodule of 
Indian ocean. 

Ferromanganese sea nodule of Indian ocean is a 
complex polymetallic sea deposition^’". They are 
hydrogenous sea depositions containing about 0.60% of 
copper in association with other metals (Table 1). 

Bioleaching of copper from sea nodule was studied 
and optimized using two isolates of Aspergillus, viz. 
Aspergillus foetidus and Aspergillus japonicus. These 
have been isolated from Indian rock phosphate and are 
good phosphate solubilizers, in alkaline conditions'^. In 
addition, these are good organic acid producers'". 

Bioleaching of copper from ferromanganese sea nodule 
was carried out in modified Czapek Dox’s minimal 
medium" without adjusting the pH, with a composition 
of glucose 1 . 0 % w/v, NaN 03 0 . 6 % w/v, KH 2 PO 4 0.15% 
w/v, and KCl 0.05% w/v in distilled water. Five-day-old 
cultures of each species were used for preparing spore 
suspension in normal saline. Spores (5x10^) of the 
respective test organisms were inoculated in 50 ml of 
the leaching medium contained in 250 ml Erlenmeyer 
flasks supplemented with l%w/v of ground sea nodule 
(100 mesh size). The pH of the medium checked after 
autoclaving was 6.8 ± 0.2. The flasks were inoculated 
and the cultures were incubated at 30°C at 200 rpm for 
five days, initially. The effect of different parameters 
on bioleaching, viz. growth conditions, inoculum size, 
incubation period, phosphate, nodule, nitrogen, glucose 
concentration and temperature was investigated. 

The amount of copper leached or solubilized was 
determined by atomic absorption specrtrophotometer (Shi- 
madzu AA-649-13). Uninoculated control and leached 
nodule were also examined through scanning electron 


Table 1. Metal composition of the ferro¬ 
manganese sea nodule of Indian ocean 


Metal 

Composition (%) 

Iron 

14.00 

Mangane.se 

6.50 

Nickel 

0.74 

Copper 

0.60 

Cobalt 

0.14 


Sea nodule composition provided by National 
Metallurgicaf Laboratories, Jamshedpur. 
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microscope (Japan Electron Optics Limited; Model JSM- 
840) to study the possible changes on the surface of 
the nodule during bioleaching. 

These ferromanganese sea nodules were also subjected 
to different concentrations of chemical leaching using 
different types of organic acids in relation to time. 

In presence of sea nodule A. foetidus could grow and 
leach copper both as static and shake cultures. However, 
the leaching efficiency was more in shake cultures 
attributable to enhanced interaction between sea nodule 
and the growth medium (Figure 1 a). 

We are presenting here the results on only A. foetidus, 
as A. japonicus behaved in the same fashion and hence, 
it could be extrapolated that the mechanism of bioleaching 
is the same in both the fungi. 

It is clear from Figure 1 b that maximum leaching is 
achieved after 7 days of incubation. However, pH of 
the culture filtrate decreased to as low as 2.6 on the 
4 th day and thereafter, it showed a gradual increase 
and pH reached up to 6.7 ± 0.2. Initial decrease in the 
pH during growth is due to the production of organic 
acids in the medium and the subsequent rise in pH is 
most probably due to the consumption of these acids 
by some metabolic or chemical processes. The culture 
filtrate revealed the presence of oxalic, citric, and fumaric 
acid'". 

It is well known that the presence of inorganic phos¬ 
phate affects both growth of microorganisms and organic 
acid production'^. In the present investigation also a 
significant effect on bioleaching of copper by A. foetidus 
was observed at varying concentration of phosphate 
(Figure 1 c). Maximum leaching was observed at 0.20% 
of KH 2 PO 4 (w/v). A decrease at higher concentration 
could be due to inhibitory effect of higher phosphate 
concentrations on solubilization of metals'^. Figure 1 d 
reveals that nodule density had a profound effect on 
the leaching efficiency. Maximum leaching was achieved 
at 1% (w/v) nodule concentration. Low metal extraction 
at higher nodule density may be because of unidentified 
substances contained within the nodule, which most 
probably have a strong inhibitory effect on the growth 
of the organism''^. Slight variation in nitrogen (NaN 03 ) 
concentration did not affect bioleaching efficiency of A. 
foetidus. 

Glucose at a concentration of 2% (w/v) supported 
85% leaching (Figure 1 e). Though bioleaching occurred 
in the temperature range of 25°C-37°C, the maximum 
was at 30°C (Figure 1/). There was a sharp decline 
in bioleaching at and above 40°C as there was no 
growth at this temperature. 

The present results indicated that A. foetidus is a 
potential bioleaching organism under conditions where 
acidophiles fail. A six-fold increase in the bioleaching 
efficiency by A. foetidus could be achieved by 
optimization of various parameters and the process was 
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Figure 1. Bioleaching of copper (%) from ferromanganese sea nodule by Aspergillus foetidiis in modified Czapek Dox’s minimal medium at 
30°C in shake cultures. Effect of {a), static and shake cultures; {b). Incubation period; (c). Phosphate concentration; (rf), Nodule concentration; 
(e), Glucose concentration; if), Temperature. 
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Acid concentration (2%) 


Figure 2. Effect of organic acids on bioleaching of copper from 
ferromanganese sea nodules. C, Control; 1, Acetic; 2, Succinic; 3, 
cf-Ketoglutaric; 4, Oxalic; 5, Lactic; 6, Malonic; 7, Citric; 8, Malic; 
9, Tartaric. 



Figure 3. Scanning electron micrograph of feiTomangane.se sea nodule, 
a, Control; h. Perforations (-^) on the nodule surface after seven days 
of leaching. 


found to be organic-acid mediated. This was further 
confirmed by chemical leaching. Metal leaching with 
pure organic acids revealed that copper leaching from 
ferromanganese sea nodule is organic-acid mediated 
(Figure 2). Ninety-one per cent leaching could be 
achieved with 2% (w/v) oxalic acid. Increase in the 
solubility of metal ions at acidic pH is because of 
complexation and chelation^. This checks precipitation 
of metal hydroxides which is important in case of high 
metal concentrations. 

Based on the results it is possible to develop a 
two-step strategy for bioleaching, the first comprising 
of production of culture filtrate of the organism and in 
the second step, subsequent use of this for leaching. 
Thirty-one per cent leaching could be achieved in 48 h 
at 30°C using 4-day-old culture filtrate (data not shown). 

Scanning electron micrographs of the uninoculated 
control (Figure 3 a) and leached nodules (Figure 3 b) 
showed eroded surface area with small holes at places 
from where metal has been leached out from the nodules. 
A. foetidus is a versatile fungus that grows in a wide 
range of pH conditions and produces organic acids 
during growth, which help in bioleaching. Hence, it is 
possible to design one-step and two-step bioreactors for 
the exploitation of the abundant low-grade metal reserves 
lying unattended and unclaimed within the sea for 
metal(s) recovery. 
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Midge-trapping behaviour and floral 
biology of Theriophonum crencitunt 
Blume. Rumph. (Araceae) 

Sumesh R. Dakwale and S. Bhatnagar 

School of Environmental Biology, A.P.S. University, Rewa 486 003, India 

The species Theriophonum crenatum is a rare aroid 
collected from the open forest of Bilaspur (MP). It 
exhibited a crepuscular pollination syndrome and mono- 
phily towards a midge, Ceratopogon sp. The midges 
get trapped during the night hours, locked the 
following day, and released during the next day after 
having been dusted by the pollen released from the 
collar of male flowers. As many as 380 midges have 
been collected from a single blossom. The blossom is 
bisexual and reveals protogyny to avoid self-pollination. 

The pollination of flowers by flies is common. More 
than 555 species of flowers have been reported to be 
visited by flies'. Similarly, a large number of flowering 
plants are reported to be visited by mosquitoes . How¬ 
ever, relatively few species reveal pollination by midps. 
KnolF has reported pollination oi Arum conocepholloides 
by small blood-sucking midges. The plant produces a 
deceptive odour of the skin of mammals. Kevan and 
Baker" while reviewing flower-visiting insects, do not 
mention anything about the midges as pollinators. This 
makes midge pollination an interesting study. The study 
is important also because the plant is included in the 
list of rare species by SivadasanT Among the ariods, 
while Sauromatum guttatum is marked by polyphily , 
Plesmonium margaritiferum is reported as pollinated by 
beetles showing oligophily'"’, the species Theriophonum 
crenatum exhibited monophily towards Ceratopogon sp. 
(Ceratopogonidae). On an average 292 midges are col¬ 
lected almost every day in August during the peak of 
the rainy season. The plant reveals a crepuscular polli¬ 
nation syndrome. The anthesis begins in the evening 
(5:30 pm) with the release of stench. 

The plant produces an average of 9 to 12 flowers 
per season per plant. It releases a stench of cowdung 
in the evening which gradually increases up to midnight. 
Its character of monophily and crepuscular pollination 
makes it a highly specialized resource-restricted species, 
which needs a detailed study of floral biology, diel 
periodicity and mechanism of midge pollination. 

The plant is a tuberous herb, with 10 to 15 cm long 
hastate or sagittate leaves. The experimental plants were 
brought from degraded forest sites and from grassy 
fields of Bilaspur (22°12'N, 82°18'E) and grown in a 
simulated condition in the University plantation site at 
Rewa (24°32'N, 81°18'E). A colony of 236 plants in 
7 m^ experimental area grew over a period of six years 
and naturalized in the area. The studies of floral biology 


and pollination were conducted during the rainy seasons 
of 1994-95 and 1995-96. 

The changes in the blossom were noted at hourly 
intervals from the day buds first open to the day the 
blossom shows signs of fading. Blossom was observed 
for five min during each hour throughout the day and 
night to determine the nature of its anthesis. The midges 
were sampled from the sacrificed flowers at hourly 
intervals to determine their peaks of densities and their 
locking, trapping and release behaviour by the blossom. 

Two kinds of operations were made to study the 
nature of pollination and seed set. In the first experiment, 
the blossom was excluded from the possible visits by 
midges through covering it with plastic bags. At least 
12 such blossoms covered by the bags and the deve¬ 
lopment of seeds was followed as the blossom matured. 

In the second experiment, the appendix was removed 
and girdle of male flowers was emasculated, leaving 
behind the female flowers to mature in the absence of 
column brought forward by the insects or by the release 
from the same blossom. In both the cases blossoms 
deteriorate, showing the necessity of cross pollination 
and presence of appendix which releases insect attractant, 
i.e. cowdung odour. In the experiment in which only 
male girdle of blossom was emasculated, successful seed 
development was observed. 

Figure 1 gives three stages of floral kinesis of T. 
crenatum, viz. the trapping of midges (Figure 1 a), the 
locking (Figure 1 b) and the release (Figure 1 c). The 
spadix consists of a lip of spathe with crenate purple 
margins; and chamber, enclosing female and sterile 
flowers. The enclosed axis of inflorescence within the 
spathe consists of a terminal appendix, a girdle of male 
flowers within the neck region, and a bunch of sterile 
flowers within the chamber. The lip of spathe consists 
of yellowish green with crenate purple margins. In the 
neck region, the girdle of male flowers leaves sufficient 
space laterally for the entry of insects. The blossom 
develops a collar of purple colour in the neck region 
which gradually fades after some time. First leaves 
appear with the onset of rains in July. The leaves show 
a great variation of shape. In some of the plants the 
leaves are broad and hastate, in others the lobes are 
much narrower. 

The first flower appears after seven to eight days of 
vegetative growth. It takes three to four days for a bud 
to mature into a full blossom. The anthesis is crepuscular 
and the blossom is active during the night followed by 
a period of stasis next day. The floral kinesis is resumed 
in the evening next day. On the first night the flower 
is in the female stage, on the second night anthers 
mature and release the pollen showing the male stage 
of development. 

The following is the detailed account of the stages 
of floral movements which these blossoms reveal. 
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The anthesis. It starts at 17:30 h in the evening in 
July as rains stabilize. The opening of blossom is marked 
by the release of appendix and stench. By 18:00 h the 
appendix is completely out, leaving sufficient space 


h 



Figure 1. Three stages of flower behaviour, (fl), trapping; {b), locking 
and (c), release of insects. AP = appendix, CH = chamber, GR = grip, 
SP = spathe, ^ - male flowers, 9 = female flowers, O = neutral flowers, 
M = midges. 

Table 1. Diel periodicity and the events of anthokinematics 


Time Temp. (°C) Events 


17:30 

27.4 

Beginning of anthesis, gradual opening of blossom, 
stench release. 

18:00 

27.1 

Anthesis complete, blossom fully open, female 
flowers reach maturity, stigma sticky, anthers 
undehisced, spathe pale green with a light band 
of purple colour at the throat. 

21:15 

26.0 

Setting of visits by the insects. 

05:00 

23.2 

Band gets darker, appendix geniculate, tightening 
of grip by the lobes of spathe against the appendix, 
locking begins, stigma cuspidate. 

06:00 

23.8 

Locking complete; entry and exit of insects 
mechanically impossible. 

06:10- 

24.0- 

Stasis: period of suspension of floral kinesis. 

17:30 

27.5 


18:00 

27.0 

Resumption of Ooral kinesis, initiation of pollen 
rain and pollen dusting of insects. 

19:30- 

26.5- 

Release of grip of appendix by the lobes of 

21:00 

26.0 

spathe, setting of release of insects. 

24:00 

25.5 

Release of pollen-dusted insects complete. 


around it in the neck region for the entry of insects. 
Although the anthesis is crepuscular, the entry of midges 
within the blossom is nocturnal. The first midges were 
collected from the blossoms not earlier than 21:15 h. 
The entry of midges is synchronized with the release 
of cowdung odour by the appendix. 

The trapping. (Figure 1 a) The pollination syndrome 
appears to be on the principle of deceit. The blossom 
offers neither nectar nor pollen to the visiting midges. 
The release of odour creates the stimulus which attracts 
the midges towards the floral chamber. The insects fall 
inside it as there is sufficient space between the neck 
and the appendix, the latter keeps straight. The entry 
of insects is nocturnal and takes place after 3 h of 
anthesis (Table 1). 

The blossom reveals protogyny. While staminate flow¬ 
ers are still immature, the pistillate flowers reveal the 
sticky and shining stigmas, which, however, become 
cuspidate and dry on the following day. It means that 
the female flowers are receptive only during the night, 
on the first day. 

The locking. (Figure 1 b) The midges fall within the 
floral chamber and get locked, as there is complete 
darkness outside the blossom in the night. The midge 
population reaches its peak in the morning hours. The 
exit of midges is, however, checked by the development 
of a deep band of purple colour at the neck region and 
a downward tilt of the appendix which thereby closes 
the neck. The development of this band cuts off light 
from above and checks the exit of midges outside the 
blossom, who hammer their heads against the pale green 
translucent walls of the floral chamber. This kind of 
situation is described as the window pane effect^’"^. The 
closure of neck is further achieved by the movement 
of lobes of spathe which clasp around the appendix, 
thus securing a perfect trap for the midges during the 
day time. The insects remain in this captive condition 
till evening. Virtually the entire activity of blossom 
ceases during the day time and the stasis prevails. 

Pollen rain and release. (Figure 1 c) During the 
evening at 18:00h the floral kinesis is resumed once 
again. Anthers mature to release the pollen from the 
anther slits which are wide open at the top, near the 
extended connectives. The pollen rains from the staminate 
girdle and dusts the midges trapped inside. The 
release of these pollen-dusted insects could be realized 
by 21:00h (Figure 2). The insects thus remain locked 
within the blossom for almost 24 h. 

The mechanism of pollination in the species is different 
from the one described for Sauromatum guttatum^^^ and 
Plesnionium margaritiferurn\ The former species revealed 
the sapromyophily while the latter exhibited cantharo- 
phily, the fly pollination and the beetle pollination 
respectively. While S. guttatum is shown to be diurnal 
in pollination''^ the T. crenatum is crepuscular in anthesis 
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TIME 


Figure 2. Diel movement of density of insects in the blossom: stippled 
area reveals the period of pollen rain (E = evening, N = night, M = morn¬ 
ing, A = afternoon). 

and nocturnal in pollination. In this character it resembles 
the beetle pollinated P, margaritiferum. Since the blossom 


trapped the blood-sucking female midges, its floral bio¬ 
logy is also interesting from the angle of population 
studies. 

1. Kearns, C. A. and Inouye, D. W., Am, J, Bat,, 1994, 81, 1091-1095. 

2. Proctor, M. and Yeo, P. F., The Pollination of Flowers, Collins, 
London, 1973. 

3. Richards, A. J., The Pollination of Flowers by Insects, Academic 
Press, New York, 1978. 

4. Faegri, K. and Van Der Pijl, L., The Principles of Pollination 
Ecology, Pergamon Press, Oxford, 1979. 

5. Knoll, F., Osterr, But. Z., 1923, 72, 246-254. 

6. Kevan, P. G. and Baker, H. G., Anna, Rev. EntomoL, 1983, 28, 
407-453. 

7. Sivadasan, M., in An Assessment of Threatened Plants of India 
(eds Jain, S. K. and Rao, R. R.), Botanical Survey of India, 
Calcutta, 1983, pp. 251-255. 

8. Dakwale, S., PhD thesis, School of Environmental Biology, A.P.S. 
University, Rewa, 1986. 

9. Bhatnagar, S., in Perspectives in Ecology (eds Singh, J. S. 
and Gopal, B.), Jagmindar Book Agency, New Delhi, 1989, pp. 
253-270. 

10. Dakwale, S. and Bhatnagar, S., Curr. Sci., 1985, 54, 699-702. 
Received 20 June 1996; revised accepted 7 July 1997 


Photoautotrophic shoot culture: An 
economical alternative for the 
production of total alkaloid from 
Catharanthus roseus (L.) G. Don. 

Adinpunya Mitra*’*', Bashir M. Khan' and 
Subhan K. Rawaf 

"^Division of Plant Tissue Culture, National Chemical Laboratory, 
Pune 411 008, India 

^Present address: Institute of Food Research, Norwich Laboratory, 
Norwich Research Park, Norwich NR4 7UA, England 

An attempt was made to device an economical alter¬ 
native for the production of medicinally important 
indole alkaloids in tissue culture of Catharanthus 
roseus (L.) G. Don. Photoautotrophic shoot cultures 
were established in liquid medium with cotton fibre 
as a supporting agent in an indigenously designed 
culture vessel. Autotrophic cultures, which have the 
potential of a cost-effective system, produce 10% more 
total alkaloid as compared to mixotrophic cultures. 

Cultured plant tissues usually grow in a mixotrophic 
mode which use both CO^ from air and organic carbon 
source (mostly sucrose) from the medium. In principle, 
photoautotrophic shoot culture does not require any sugar 
in the medium, and uses CO^ as the sole carbon source. 
Carbon metabolism is essential to all cells and the nature 
of cai*bon source (sugar or CO^) may affect secondary 
metabolism and the production of useful compounds'. 


'For correspondence. 


Photoautotrophic shoot cultures of Catharanthus roseus 
(L.) G. Don. have not previously been reported. Interest 
in photoautotrophy stems from the study of high value 
indole alkaloids in shoot cultures of periwinkle. The 
dimeric alkaloids, vincristine and vinblastine could be 
extracted from mixotrophic shoot cultures, but the yield 
is very low, possibly because of improper development 
of chloroplasts due to altered carbon metabolism. Auto¬ 
trophic shoot cultures contain well-developed chloro¬ 
plasts. The possibility that would stimulate normal 
metabolism in leaves and synthesize and accumulate 
these compounds in higher amounts" was apparent. 

A two-tier vessel was constructed indigenously with 
two 250 ml conical flasks according to Husemann and 
Barz^ with minor modifications (Figure 1). The upper 
compartment functions as culture vessel, where the in 
vitro raised shoots'^ were kept on cotton support sus¬ 
pended in 60 ml of sugar-free Murashige and Skoog’s 
(MS)**’ liquid medium supplemented with 6 -benzyl amino- 
purine ( 0.2 mg/ 1 ) and naphtheleneacetic acid ( 0.1 mg/ 1 ). 
Three multiple shoots, each containing three shoots per 
clump were used as inoculum. 

The lower compartment contained 50 ml of a 2 M 
KHCO 3 -K 2 CO 3 buffer mixture for enriching CO, 
( 2 % v/v) in the gaseous atmosphere of the entire culture 
vessel as suggested by Johnson et al}\ All openings of 
the culture vessel were tightly closed with cotton plugs 
followed by sealing with aluminium foil and finally 
with cling film to check gas exchange. The culture 
vessels containing photoautotrophic cultures were incu¬ 
bated in 16 h photoperiod under the light intensity of 
42-45 pmol m"^ s~' and temperature of 25±2°C. The 
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Figure 1. Aulolrophic shoot culuircs of Catharanthus roseus growing 
in a two-tier culture vessel. 

buffer system was renewed and the plants were subcul¬ 
tured after every three to five weeks. 

The total alkaloid from the biomass was extracted 
with 95% ethanol^ and estimated spectrophotometrically 
as reported by Tu and Li^ 

It was observed that the cost of cotton support is 
nearly one fourth as compared to agar used as a sup¬ 
porting agent. Nutrient diffusion through cotton support 
(using liquid media) is reportedly better than that on 
agar'^ The contaminants present in the agar, when re¬ 
leased, can affect the culture of plant tissues'll 
Photoautotrophic cultures are considered to be costly 
because of the additional expenses in CO 2 enrichment 
and increased lighting. However, in practice the cost of 
CO 2 enrichment is reported to be not very significant". 

In mixotrophic culture, plants need to be subcuitured 
after every 18 days. In autotrophic cultures plants with¬ 
stand up to five weeks in unchanged environment. This 
eliminates the cost of manpower for subculturing. A 
reduction in the number of vessels for autotrophic culture 
(half of the number as compared with mixotrophic 
culture) could be the added advantage. 

In our experiment, a 16-hour photoperiod enhanced 
the growth of plantlets compared to continuous illumi¬ 
nation. This could reduce the cost of lighting in con¬ 
formity with the earlier reports". Photoautotrophic 
cultures produced 10% more total alkaloid compared to 
mixotrophic cultures (Table 1). 

Contaminations were practically none in photoauto¬ 
trophic culture system as has been reported earlier'^. 
Cultures contaminated with fungi when used as the 
source of explants, showed good growth in autotrophic 


Table 1. Growth and total alkaloid content in mixotrophic and 
photoautotrophic shoot cultures 


Parameter 

Mixotrophic 

Photoautotrophic 

Shoot length (cm) 

6.0 ±1.5 

6.0 ±1.2 

Number of leaf/shoot 
Number of multiple 

12 ±2,5 

11 ±1.5 

shoots/inoculum 

3± 1.5 

6± 1.5 

Fresh wt/inoculum (mg) 

650 ± 0.003 

600 ±0.003 

Dry wt/inoculum (mg) 

85.2 ±2.3 

76,2 ±2.8 

Total alkaloid 
(pg fresh weight) 

446.73 ± 0.55 

500.25 ± 1.2 


Data recorded after five weeks in case of photoautotrophic culture and 
three weeks for mixotrophic culture. Each value (mean ± SD) is an 
average of five replicates. Fresh and dry weights are represented per 
shoot basis, 

mode of nutrition. This finding has much potential for 
cost reduction in plant tissue cultures. 

The cost of autotrophic culture vessels was more than 
that of culture vessels used for mixotrophic shoot culture. 
This could be reduced to a large extent if polypropylene 
material were used for making these culture vessels 
instead of conical flasks (Borosil) used in the present 
study. This could also minimize the cost of repairing 
or replacing damaged culture vessels. 

Shoot culture systems are attractive alternatives for 
the production of high value alkaloids'^. Callus or cell 
suspension cultures were not promising approaches. For 
the production of leaf alkaloids"', organ differentiation 
is a prerequisite for the formation of alkaloids of leaf 
origin'"'. Autotrophic mode of nutrition might possibly 
play a role in the formation of these alkaloids. In this 
context, photoautotrophic organ cultures could be a 
promising and cost-effective approach towards the pro¬ 
duction of these high-value low-volume alkaloids. 
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Leishmania donovani infects 
lymphocyte cell lines in vitro 

Partha Pratim Manna, Anirban Basu, Asim Saha, 
Md Quamanil Hassan, Sandeep Mukherjee, Sabita 
Majumdar, Samit Adhya and Santu Bandyopadhyay 

Indian Institute of Chemical Biology, 4 Raja S. C. Mullick Road, 
Calcutta 700 032, India 

Cellular interactions between Leishmania donovani 
parasites and human B (Daudi) and T (HUT78) cell 
lines were studied in vitro. Both promastigotes and 
amastigotes of L. donovani gained entry in approxi¬ 
mately 60% of these cells. Transmission electron 
microscopy revealed the existence of intracellular 
amastigotes in these cell lines after infection with L. 
donovani. Immunophenotyping by flow cytometry con¬ 
firmed the lymphocytic lineages of these cell lines. 
There was no evidence for intracellular replication 
of L. donovani in T and B cell lines. The number 
of intracellular amastigotes peaked on second day 
post-infection then gradually declined in a time-de¬ 
pendent manner in both the cell lines. Intracellular 
parasites remained more viable and transformation- 
competent when infection was performed with amas¬ 
tigotes. Attachment to the cell surface but no inter¬ 
nalization of parasites was observed when infection 
was attempted on human amnion cell line WISH. 
Amastigotes, not the promastigotes of L. donovani 
induced IL-12 production by both monocyte and B 
cell lines. 

Visceral leishmaniasis (VL) is caused by the kineto- 
plastid protozoon Leishmania donovani, an intracellular 
parasite which survives and multiplies within mammalian 
macrophages. Patients usually have many immunological 
dysfunctions of T cells and B cellsl For years, the 
macrophage has been thought to be the predominant 
cellular target for Leishmania, and the immunopathology 
of VL has been explained on this basis. Previously, a 
number of reports suggested infection of fibroblasts^ 
dog sarcoma cells^ and dendritic cells^ by other species 
of Leishmania in vitro. However, the in vivo relevance 
of these observations is unclear. In the present report, 
we demonstrate, for the first time, the infection of 
human T and B cell lines by L. donovani in vitro. 

Human B cell line DaudF, T cell line HUT78 (ref. 
8) and monocyte cell line U937 (ref. 9) were incubated 
with L. donovani (pathogenic strain AG83 (ref. 10)) 
amastigotes (freshly isolated from golden hamster spleen) 
at a multiplicity of infection of 20 for 1 day for 37°C. 
Free amastigotes were removed by differential centri¬ 
fugation at 700 rpm for 5 min, the cells were resuspended 
in RPMI-1640 containing 10% fetal bovine serum and 
were incubated at 37°C, 5% CO 2 . At different time 
intervals, ceils were withdrawn from culture for Giemsa 
staining. Intracellular amastigotes were quantitated by 


two parameters by taking into account the number of 
amastigotes/100 randomly selected cells (which include 
both uninfected and infected cells) and by the number 
of amastigotes/100 infected cells only (Figure 1). As 
shown in Figure 1, almost 60% of Daudi and HUT78 
cells have intracellular parasites by day 2. On the other 
hand, over 75% of U937 cells became infected by this 
time. After an early rise, the number of intracellular 
parasites (per infected cell) gradually declined with time 



DAYS POST INFECTION 


Figure 1. In vitro infection of Daudi (B cell line). HUT78 (T cell 
line), and U937 (monocyte cell line) cells with L donovani amastigotes. 
L. donovani (strain AG83) amastigotes were freshly isolated from 
spleens of 2 month post-infected golden hamsters. Amastigotes were 
incubated with cell lines at a multiplicity of infection (MOI) of 20 
for 1 day at 37°C. Free amastigotes were removed by low speed 
centrifugation, and the cells were cultured at 37°C, 5% CO2 in 96 
well plates. Medium was changed every other day and cells were 
withdrawn at different time points for Giemsa staining. At least four 
hundred cells for each time point were examined. 
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in all the cell lines tested. Parasite clearance was slightly 
slower in U937 cells. Apparently, there seems to be no 
replication of parasites even in the monocyte cell line 
U937. This is expected since U937 cells only after 
treatment with phorbol myristate acetate (PMA) differ¬ 
entiate into nondividing adherent macrophages and sup¬ 
port replication of Leishmania}\ Our results with 
PMA-treated U937 cells (not shown)-are in agreement 
with the previous report. However, both HUT78 and 
Daudi cell lines being dividing nonadherent suspension 
cultures, U937 cells (which are also dividing and non¬ 
adherent) rather than PMA-treated U937 cells (which 
are adherent and nondividing) were used as the positive 
control. Giemsa-stained micrographs of L. donovani 
infected Daudi, HUT78 and U937 ceils are shown in 
Figure 2. Human amnion cell line WISH^^ was used as 
a control in in vitro infection experiments. Attachment 
to the cell surface but no internalization of parasites 
(amastigotes or promastigotes) was observed in this cell 
line. 

To confirm that parasites are truely intracellular rather 
than merely cell-associated, transmission electron micro¬ 
scopy was performed with L. ^/onovanz-infected Daudi, 
HUT78 and U937 cell lines on day 2 post-infection as 
described earlier’^. Briefly, infected cells were fixed 
with 6% glutaraldehyde in 0.125 M phosphate buffer 
(pH 7.2) for 14--16 h and then with 1% osmium tetroxide 
for 16-20 h at room temperature. The fixed cells were 
washed for 2h in 0.5% uranyl acetate, dehydrated with 
increasing concentrations of ethanol, embedded in Spurr 
medium*^ at 70°C for 48 h. Sections were cut with a 
Du Pont diamond knife in an LKB ultra microtome, 
stained with uranyl acetate and lead citrate, and examined 
under a JEOL lOOCX transmission electron microscope 
at 60 kV. All these three cell lines were found to contain 
intracellular amastigotes. One tramsmission electron 
micrograph of L. donovani-infQCitd Daudi cell is shown 
in Figure 3, which shows the presence of six intracellular 
amastigotes. 

The early rise in parasite numbers per cell (on day 
2 post-infection) in both T and B cell lines may possibly 
be accounted for by a continuous invasion of cultured 
cells by residual parasites rather than their intracellular 
replication in majority of cells; the subsequent decline 
in parasite numbers could be due to death of infected 
cells and/or outgrowth of uninfected cells. 

In vitro infection of these cell lines was also attempted 
with the flagellated promastigotes of L. donovani. Pro¬ 
mastigotes were equally effective as amastigotes in 
infecting these cells. All promastigotes which entered 
into Daudi or HUT78 cells transformed into amastigotes, 
as observed with the monocyte cell line U937. After 
an early rise on day 2, the number of intracellular 
parasites declined with time as observed with the amasti¬ 
gotes (not shown). We also examined the interaction of 


Figure 2. Giemsa vStaining of L. donovani infected Daudi (a), HUT78 
(b) and U937 (c) cells. Amastigote/cell ratio, 20: 1; magnification, 
X 1000, Two days post-infected cells are shown. 


normal human lymphocytes with L. donovani. Both 
resting lymphocytes and T cell blasts were used. Resting 
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lymphocytes were prepared by exhaustively depleting 
monocytes from human peripheral blood mononuclear 
cells (PBMC) by plastic adherence (X2) followed by 
removal of residual monocytes by treatment with anti- 
CD14 monoclonal antibody B52.1 (ref. 14) plus baby 
rabbit complement. Repeated attempts to infect these 
cells in vitro with amastigotes of L. donovani failed. 
However, preliminary data suggest that proliferating T 
cell blasts prepared by treating human PBMC with PHA 
(2.5 |j.g/ml) followed by culture in IL-2 (30 U/ml) con¬ 
taining media for three days were infected by amastigotes 
of L. donovani. 

Intracellular parasites in Daudi cells remained viable 
for at least two weeks when infection was performed 
with amastigotes (Table 1). Promastigote-infected cells 
yielded very few, if at all, live promastigotes after 
transformation. L. donovani amastigotes alone cultured 
in medium (without these cell lines) at 37°C even for 
a shorter period of time (10 days) failed to transform 
to promastigotes. L. donovani promastigotes cultured 
alone at 37°C for 10 days also died and did not replicate 
when transferred to 22°C. As additional control, amasti¬ 
gotes of L. donovani were cocultured with WISH cells 
at 37°C over a period of 14 days and checked for 
amastigote survival by transforming them at 22°C. All 
amastigotes died at 37°C when cocultured for 7 days 
or more even in the presence of WISH cells. 

Immunophenotyping of HUT78 and Daudi cells using 
flow cytometry*^ confirmed their lymphocyte lineages. 
As shown in Figure 4, 93.4% of HUT78 cells are CD3 
positive. Similarly, Daudi cells are positively stained 
for cytoplasmic immunoglobulins (97.8% cells are posi¬ 
tively stained). Thus, studied HUT78 and Daudi cells 
are T and B cell lines respectively. 



Figure 3. Transmission electron micrograph of a representative Daudi 
cell 2 days post-infected with L donovani amastigotes (amastigote/cell 
ratio, 20: 1). Note the presence of six healthy intracellular amastigotes 
('^), Two extracellular amastigotes, possibly residual, are also seen in 
the field (f). 
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The specificity of uptake of L. donovani by Daudi, 
HUT78 and U937 cell lines was tested by measuring 
phagocytic activity of these cells using sheep red blood 
cells (SRBC) as targets. Effector cells were incubated 
with target cells at an effector to target ratio of 1 : 10 
for 18 h at 37°C in 5% CO^. Effectors were separated 
from targets by Ficoll-Hypaque density gradient centri¬ 
fugation, washed, stained with Giemsa and examined 
microscopically for quantitation of phagocytosed SRBC. 
U937 cells phagocytosed SRBC (with 140113.4 
SRBC/100 U937 cells) as expected. However, Daudi or 
HUT78 cells had no intracellular SRBC. Thus, uptake 
of L. donovani by B or T cell line was not attributable 
to merely nonspecific phagocytosis, rather specific 
receptor-ligand interactions may be occurring. Nonphago- 
cytic nature of HUT78 and Daudi cell lines confirmed 
that these cell lines have not acquired strange charac¬ 
teristics because of immortalization that are not typical 
of non-transformed lymphocytes. 

Induction of IL-12 by monocyte and B cell lines in 
response to L. donovani was also examined. Indicated 
cell lines were cocultured with L. donovani (both pro¬ 
mastigotes and amastigotes; multiplicity of infection, 20) 
at 37°C in 5% CO 2 for 48 h. Cell-free culture supernatants 
were collected, filtered through 0.2 |LLm filters and assayed 
for IL-12 by anti-human IL-12 neutralizable human 
lymphoblast proliferation assayAs a positive control, 
cell lines were also incubated with heat killed Staphylo- 


Table 1. Intracellular survival of L donovani parasites in Daudi, 
HUT78 and U937 cells 



Number of transformed 

Cells" 

promastigotes recovered^' 

Promastigote-infected Daudi 

3750 ± 1767" 

Amastigote-infected Daudi 

12500 ±3535 

Promastigote-infected HUT78 

2500'' 

Amastigote-infected HUT78 

3750 ±1767 

Promastigote-infected U937 

2500^^ 

Amastigote-infected U937 

11250± 1767 

Promastigotes alone 

ND 

Amastigotes alone 

ND 

Amastigotes cocultured with WISH 

ND 


a: Cells were infected in vitro with promastigotes or amastigotes of 
L donovani with parasite/cell ratio of 20 : 1. After removing free 
parasites by low speed centrifugation, cells were cultured at 37°C 
in 5% CO2 in 96 well plates (with medium change every other 
day). 

b: Intracellular amastigotes were released by disrupting 14 days 
post-infected cells (3x10'^ with one cycle of freeze-thaw. 
Amastigotes were then allowed to transform into promastigotes 
by culturing at 22°C in 1 ml of Schneider’s Drosophila medium 
for 3 days. Transformed motile promastigotes were counted in a 
haemocytometer microscopically in 10 pi aliquots, then numbers/ml 
were calculated. 

c: Mean + SD of duplicate cultures. 

d: Representative of duplicate cultures with identical value. 

ND: Not detectable. 
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Figure 4. Immunophenotyping of HUT78 (a) and Daudi (b) cells by 
flow cytonnetry. One-parameter histograms showing surface staining of 
HUT78 cells with FITC-labeled control mAb (light line) and FITC- 
labeled anti-CD3 mAb (bold line); intracellular staining of Daudi cells 
with FITC-labeled anti-mouse immunoglobulins (light line) and 
FITC-labeled anti-human immunoglobulins (bold line). Surface staining 
of HUT78 cells was peiformed as described earlier'^ For cytoplasmic 
staining, Daudi cells were fixed with 1% paraformaldehyde, perme- 
abilized by treatment with 50% methanol, then stained with FITC-labeled 
antibodies. After staining, cells were analysed in FACS calibur (Becton 
Dickinson, USA) using Cell Quest Programme. 


COCCUS aureus (SAC) Cowan strain I (1 : 1000 final 
dilution, purchased from Pansorbin, Calbiochem-Behring 
Corp., CA, USA). Each supernatant was also pre¬ 
incubated with anti-human IL-12 monoclonal antibody 
C8.6.2 (ref. 17) (1 : 200 dilution of ascitic fluid, kindly 
provided by Prof. Giorgio Trinchieri, Wistar Institute, 
Philadelphia, USA) before addition to lymphoblast cul¬ 
tures. Our data indicate for the first time that L. donovani 
amastigotes not promastigotes induced IL-12 production 
by both monocyte and B cell lines (Table 2). Promasti¬ 
gotes of L. donovani suppressed the induction of IL-12 
by secondary stimuli (SAC) in monocyte cell line but 
not in the B cell line. These data are in agreement with 
that of Carrera et who demonstrated that L. major 
promastigotes can actively suppress the induction of 
IL-12 in murine bone marrow macrophages by secondary 
stimuli. In contrast to promastigotes, amastigotes of L. 
donovani were not onh' able to induce IL-12 by both 
the cell lines, this form of the parasite also augmented 
IL-12 induction by SAC. 

The mechanism of uptr‘’.e of L. donovani in vitro by 
lymphocytes remains unknown. The interaction between 
Leishmania and the macrophage surface is complex^^ 
involving as ligand, the parasite surface components 
gp63 (a glycoprotein), lipophosphoglycan (LPG) as well 
as opsonized complement factor C3b, C3bi and macro¬ 
phage receptors including complement receptors CRl, 
CR3 and the integrins LFA-1 and P150.95. Integrins of 
the LFA-1 family recognize the carbohydrate moiety of 
Leishmania LPG‘^ Of note, some of these receptors are 
shared by lymphocytes and one or more of these receptors 
could be utilized by the parasite to gain entry into 
lymphocytes. 


Table 2. Production of IL-12 by U937 and Daudi cells in response to L. donovani and heat- 
inactivated Staphylococcus aureus (SAC) 




IL-12 titer 

in the supernatant 
(pg/ml)“ 


Anti-human IL-12 



Inducers 

antibody (C8.6.2) 

U937 

Daudi 

Medium 


<3.2 

<3.2 

SAC 

_ 

60.48 ±6.79 

12.03 ± 0.47 

+ 

<3.2 

<3.2 

Promastigotes 

+ 

<3.2 

<3.2 

<3.2 

<3.2 

Amastigotes 

+ 

9.6 ±3.3 
<3.2 

12.81 ±2.72 
<3.2 

Promastigotes + SAC 

+ 

<3.2 

<3.2 

15.40 ±2.72 
<3.2 

Amastigotes -l- SAC 


133.12 ±23.70 
<3.2 

21.87 ±6.27 
<3.2 


a: IL-12 was assayed in the supernatants as described earlier’*^. Results presented are mean±SD 
of triplicate determinations. 
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In conclusion, our data indicate that L. donovani 
infects and survives in lymphocyte cell lines in vitro. 
Many of the immunopathological responses in visceral 
leishmaniasis have traditionally been attributed to infec¬ 
tion of macrophages. Our present findings raise the 
possibility that lymphocytes may be infected in vivo 
contributing to their observed functional impairment in 
visceral leishmaniasis. This possibility merits careful 
study with patients. Production of IL-12 by B cell line 
in response to L. donovani suggests that B cells may 
play a key role in the early phase of Leishmania 
infection. 
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Estimation of sublethal toxicity of 
zinc chloride by histopathological 
analysis of fish (Heteropneustes 
fossilis, Bloch) epidermis 

S. Hemalatha and T. K. Banerjee 

Histochemistry and Histopathology Laboratory, Centre of Advanced 
Study, Department of Zoology, Banaras Hindu University, 

Varanasi 221 005, India 

The effect of zinc chloride on the outer (OE) and 
inner (IE) opercular epidermis of Heteropneustes 
fossilis has been investigated. The main toxico- 
pathological alterations of the OE include extensive 
intercellular as well as intracellular vacuolization and 
hyperplasia of the epithelial cells (ECs) with regular 
exfoliation of round or globular ECs from the skin 
surface. Splitting of the epidermis from the junction 
of the outermost (OL) and middle layers (ML) leading 
to the lifting of the OL is sometimes also noticed. 
The mucous cells (MCs) show periodic fluctuations 
in their density and staining properties. Extensive 
vacuolization of the epidermis along with hyperplasia 
of ECs along with periodic fluctuations in the density 
and staining behaviour of the MCs are the main 
alterations observed in the IE. The mucogenic activity 
of the IE throughout the exposure period remains 
mostly above the control level. Hence the damage is 
comparatively less severe. All these histo-pathological 
manifestations may be considered for their use for 
testing the quality of variously contaminated water 
samples. 

Heavy metal pollution represents a threat to the aquatic ■ 
biota. The occurrence of metal contaminants especially 
zinc in excess of natural loads has become a problem 
of Increasing concern. This situation has arisen as a 
result of the rapid growth in population, increased 
urbanization, expansion of industrial activities, explora¬ 
tion and exploitation of natural resources as well as 
lack of environmental regulations. The gills have exten¬ 
sively been used as a potential indicator for disturbed 
aquatic environment. The other important organ system 
that also gets similar flooding is the skin. However, 
data dealing with the impact of various heavy metals 
including zinc salts are very scanty^'^ While studying 
the acute toxic impact of heavy metal salts on melano- 
phore morphology, Banerjee and his associates^’’ have 
demonstrated the importance of melanophore indexing 
in testing water qualities contaminated with lethal con¬ 
centrations of mercury and zinc chloride. Application 
of similar melanophore indexing bio-assay technique, 
however, failed to evaluate the water samples polluted 
with sublethal concentration of heavy metal salts 
including zinc chloride. Hence in this paper efforts have 
been made to evaluate the effect of zinc chloride on 
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the skin of H. fossilis in an attempt to explore the 
possibility of the extensive use of the epidermis as a 
potential bioindicator. 

Live specimens of H, fossilis weighing 35-40 g and 
measuring 18-20 cm were acclimated in large plastic 
aquaria for one month. Fish were fed with minced goat 
liver and the water was renewed every morning. For 
the study of sublethal toxicity, 5 groups of 10 fish each 
were exposed to 7.5 ppm (10% of 96 h LC^^ value 
(= 75 ppm)® of zinc chloride (99% pure; E Merck India 
Ltd., Mumbai). The test solution was prepared in 501 
of tap water (having dissolved oxygen 6 mg/1, pH 7.5, 
water hardness 23.2 mg/1 and water temperature 
24±2°C). In similar parallel control groups, zinc salt 
was not added. Feeding was allowed for a period of 
3 h every day, just before the renewal of the media. 
Opercula from both the sides of the fish were fixed in 
aqueous Bouin’s fluid, 10% neutral formalin and Helly’s 
fluid after the expiry of each of the 5, 10, 20, 30 and 
45 days of exposure period. Six |im vertical sections 
(VS) was stained in Ehrlich’s haematoxylin/eosin (H/E) 
for histopathological analysis. Glycoproteins were histo- 
chemically detected by periodic acid-Schiff (PAS), alcian 
blue pH 2.5 (AB 2.5) and AB 2.5/PAS methods^ While 
sulphated mucosubstances were localized by alcian blue 
pH 1.0 (AB 1.0) method, water stable mucoproteins 
were detected by the Bismarck brown (BB) technique^*^. 
Glycogen was visualized by PAS, salivary amylase/PAS 
techniques'"^. The thickness of both the epidermal linings 
was calculated using ocular and stage micrometers. The 
density of the epithelial cells (ECs) of the outer as well 
as inner epidermal linings was measured from VS of 
the operculum. One way analysis of variance (ANOVA) 
following Duncan’s multiple range tests was also applied 
to detect if the data related to the thickness and density 
of ECs are significantly affected by exposure periods 
(Figures I ij). 

The main cellular elements of the outer opercular 
lining are ECs, club cells (CCs) and goblet mucous 
cells (MCs) (Figures 1 a, b). The MCs are usually found 
in the outer layer. The middle portion of the epidermis 
is characterized by the presence of a single layer of 
large sized CCs whose contents often appear very finely 
granulated. ECs usually fill the interstices between the 
gland cells. The thin inner opercular lining differs from 
the outer one in not possessing any CC. Tables 1 and 
2 give histochemical properties of the various cellular 
components of the outer and inner opercular epidermis. 

The sublethal toxicity of zinc chloride on the skin of 
H. fossilis is slowly manifested hence not very promi¬ 
nently exhibited after 5 days of treatment. Although the 
number of the MCs increases marginally, they reduce 
in size acquiring horizontally elliptical shape (Figure 
1 d). Space thus vacated by the MCs (due to their 
reduced dimension) gets promptly filled with the closely 


aggregated rectangle ECs which remain separated from 
their neighbours by prominently visible intercellular 
spaces. The CCs at this stage acquire cuboidal shape 
and at certain locations they appear smaller. Few EGCs 
which in the control fish are not generally located, are 
sometimes observed at this stage (Figure 1 c). Sub¬ 
sequently, the ECs in the outermost layer acquire round 
or polygonal shape, remaining closely approximated 
giving this layer a compact appearance. Exfoliation of 
ECs individually or in small flakes is regularly observed 
after 10 days of exposure. The ECs between the two 
MCs also appear less vertically compressed. The MCs 
take sac-like shape (mostly in the outermost layer) after 
10 days of exposure when their number increases greatly 
due to regeneration of new MCs in the ML. Often a 
second layer of MCs is also observed in the outermost 
layer. These MCs stain variously with the AB 2.5/PAS 
(Table 1) method with the different segments of the 
same MCs very often staining differently with this 
technique. Several tiers of ECs, lying just over the CCs 
acquire spindle shape and become horizontally flattened. 
This layer appears prominently vacuolated. The cell 
junctions between the neighbouring ECs loosen to cause 
increase in the intercellular spaces with consequent wear 
and tear of the most superficial layer after 20 days of 
exposure. However, the number of MCs that continues 
to rise, reaches its highest level at this stage of exposure. 
The height of the MCs also increases during this period 
when the bottom of the MCs extends quite deep. Fine 
intercellular vacuoles are commonly noticed in the cyto¬ 
plasm of many of the ECs which also exhibit oedematous 
swelling. The space vacated by the degenerated gland 
cells also gets quickly occupied by the rapidly multiplying 
ECs, resulting in an altered morphology and thickness 
of the epidermis (Figure 2). A thick layer of amorphous 
eosinophilic substance often covers the surface of the 
epidermis after 30 days of exposure (Figure 1 g) when 
the number and height of the MCs decrease significantly 
(number, however, still remains marginally above control 
level). The size of the MCs also increases significantly 
whose lateral pressure compresses the ECs vertically. 
This renders the outermost layer of the epidermis the 
control-like configuration. The decrease in the number 
of the MCs continues when it becomes subnormal after 
45 days. At this stage, the epidermis appears loosely 
arranged specially at its outermost layer, with individual 
ECs at the surface layer being detached from their 
neighbours. Before exfoliation, these cells acquire round, 
globular dimension. After 5 days of exposure, the size 
of some of the CCs decreases. These cells acquire 
cuboidal shape with their contents covering their entire 
space. Vacuolization in the perinuclear areas of these 
cells increases which, however, decreases after 10 days 
(Figure 1 e). After 30 days, two tiers of CCs are 
frequently observed. However, the density of CCs 
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decreases after 45 days. Vacuolization also appears in 
the lower layers of the epidermis following exposure. 
At the later part of the experiment, wear and tear of 
the ECs takes place, resulting in appearance of large 
vacuole-like spaces between neighbouring ECs. Like 
their density the MCs also exhibit periodic alteration in 


their staining properties (Table 1). The staining behaviour 
of the ECs of the most superficial layer, as well as the 
slimy coatings over the epidermis also show periodic 
fluctuations (Table 1). The thickness/quantity of the 
slimy coating over the body surface also fluctuates at 
different stages of exposure. 



KWIS 
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Figure 1 u-h 
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Figure 1 a-n. a, Veitical section (VS) of the operculum of the control fish showing the structural organization of its outer epidermal lining, 
(H/E, x475). (BC, Basal cell; BL, Basal layer; CC, Club cell; EC, Epithelial/epidermal cell; EPD, Epidermis; MC, Mucous cell; ML, Middle 
layer; OL, Outermost layer). /;, VS of outer epidermal lining of the operculum of control fish showing the normal distribution of carbohydrates 
especially in its MCs. (AB 2.5/PAS, x 475). c. Appearance of eosinophilic granular cell after 5 days of exposure (arrows) (H/E, x475). cl, 
Decrease in dimension of the MCs after 5 days of exposure (AB 2.5, x475). e. Exfoliation of isolated ECs at the surface of the epidermis 
after 10 days of exposure (H/E, x475)./. Few wandering cells (leukocytes) penetrating a CC after 20 days of exposure (H/E, x475). g. Laying 
down of a thick coating of slime over the skin surface resulting in decreased density of MCs (from that the previous stage) after 30 days of 
exposure (AB 2.5, x475). h. Further decrease in the density of the MCs after 45 days. Note the decreased quantity of slime over the skin 
surface perhaps due to sloughing (AB 2.5, x475). /?, VS of the inner epidermal linings of the operculum of control fish showing its structural 
organization (H/E, x475). (EC, Epithelial Cell; MC, Mucous Cell), j, VS of inner epidermal lining of the operculum of control fish showing 
the normal distribution of carbohydrate moieties especially in its MCs. (AB 2.5/PAS, x475). k. Decreased density of MCs after 5 days of 
exposure (AB 2.5/PAS, x475). /, Hyperplasia of MCs after 10 days of exposure (AB 2.5/PAS, x475). m. Hyperplasia of the epidermis causing 
its increased thickness after 30 days of exposure (H/E, x475). n. Decrease in HEC resulting in the thinning of the epidermis after 45 days of 
exposure. Note the persistence of vacuoles in the lower layers (H/E, x475). 


The MCs of the inner opercular lining also show 
periodic fluctuation in their density that decreases sub¬ 
stantially in the initial stages of exposure (Figure 1 /c). 
After 10 days, the number of MCs increases markedly 
(Figure 1 /) which although fluctuates periodically, always 
remains above the control level. The staining properties 
of the different MCs of the same or different stages of 
exposure also show periodic alterations (Table 2). Hy¬ 
perplasia of the ECs (Figures 1 rn, n and Figure 3) with 
prominent intercellular vacuoles (rendering spongy ap¬ 
pearance to the epidermis) is the main histopathological 
manifestation noticed in most of the exposure periods. 
However, vacuolization decreases in the outer layers in 
the later part of the experiment when only the lower 
layers show vacuolization (Figure 1 n). 

Profuse secretion of slime over the opercular surfaces 
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by the goblet MCs is perhaps the first response of the 
skin to the zinc chloride toxicity because mucus provides 
a defence mechanism against toxic substances such as 
heavy metalsas the mucous coating on the fish 
body acts as ion binding resin due to the capability of 
the metals to form a covalent bond with SH-group of 
proteins, S-containing amino acids and wide ranges of 
biological molecules*The secretory activity of ECs 
of the superficial layer of the opercular epidermis also 
shows (periodic) fluctuations at many stages of exposure. 
The mucoid secretion of these cells might also be 
eliminating some of the zinc salt after trapping the 
heavy metals which might be approaching towards these 
cells following the exposure. Continuation of treatment 
with zinc chloride, however, does not prevent regenera¬ 
tion of the MCs and after 20 days the density of the 
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Table 1. Summary of the histochemical alterations in the carbohydrate contents of the various cell types of 
outer opercular epidermis of H. fossilis at various intervals of exposure 


Cell 

Control 

5 days 

10 days 

20 days 

30 days 

45 days 

PAS technique for glycoproteins (1,2 glycols) 






ECs 

1 

1-2 

± 

3 

1-2 

1 

OL 







MCs Periphery 

2-3 

2-3 

3-4 

3-4 

2-3 

3-4 

Contents 

2~3 

2-3 

3-4 

3-4 

2-3 

3-4 

S 

1~2 

0 

0 

3 

2-3 

4 

ML MCs Periphery 

2^-3 

Ab 

3-4 

3-4 

3-4 

3-4 

Contents 

2-3 

Ab 

3-4 

3-4 

3-4 

3-4 

AB 1.0 technique for sulphated mucopolysaccharides 





Negative reaction throughout the epidermis in all the stages 





AB 2.5 technique for sulphated mucopolysaccharides 





ECs 

±- 1 

2 

±-l 

0 

0 

± 

OL 







MCs Periphery 

2-3 

2 

2-3 

1-2 

1-2 

2-3 

Contents 

1-2 

2 

2-3 

1-2 

1-2 

2-3 

S 

3 

0 

2-3 

2-3 

±- 1 

2-3 

ML MCs Periphery 

Ab 

Ab 

2-3 

2-3 

1-2 

1 

Contents 

Ab 

Ab 

2-3 

2-3 

1-2 

1 

AB 2.5/PAS technique for acidic 

and neutral glycoproteins 





ECs 

+ - IG 

2-3G 

2~3B 

0 

0 

IR 

OL 







MCs Periphery 

2-3G 

3-4B 

3 -4VS 

3VS 

2VS 

3VS 

Contents 

2~3G 

3-4G 

3-4VS 

3VS 

2VS 

3VS 

S 

3G 

3-4G 

4G 

4B 

2- 3VS 

3~4VS 

ML MCs Periphery 

2~3G 

4B 

3 - 4VS 

3-4B 

2VS 

3~4VS 


2-3G 

4B 

3~4VS 

3~4B 

2VS 

3-4VS 

Salivary amylase/PAS technique for glycogen 






Negative reaction throughout the epidermis in all the stages 





BB for water stable mucoproteins 






ECs 

±~ 1 

1-2 

3-4 

±~ 1 

±- 1 

2-3 

OL 







MCs Periphery 

0 

2-4 

2-3 

0 

0 

0 

Contents 

0 

2-4 

1 -2 

0 

0 

0 


Symbols and abbreviations: AB t.O, alcian blue at pH 1.0; AB 2.5, alcian blue pH 2.5; PAS, Periodic acid Schiff; 
AB/PAS, alcian blue pH 2.5/Periodic acid Schiff; B, Blackish green; BB, Bismarck brown; EC(s), epithelial cell(s); 
G, greenish blue; BC, basal cell; BL, Basal layer; CC, Club cell; EC, Epithelial/epidermal cell; EPD, Epidermis; 
MC, Mucous cell; ML, Middle layer; OL, Outermost layer; MC(s), mucous cell(s); ML, middle layer; OL, outermost 
layer; R, red; S, secretory coating; VS, variously stained; 0, negative reaction; ±, faint/doubtful reaction; I, weak 
reaction; 2, moderate reaction; 3, strong reaction; 4, very strong reaction; to. 


MCs reaches the highest degree surpassing greatly the 
density of the MCs of the control fish perhaps due to 
stimulatory effects of the zinc salt. 

However, further continuation of exposure again causes 
increased density of the opercular mucocytes after 30 
days. The pattern of the secretory activity of opercular 
goblet MCs following zinc chloride treatment is quite 
different from that of mercuric chloride (another heavy 
metal salt) exposure'^ In mercury-exposed fish, the 
periodic alteration in the density of MCs is much faster 


than that of the zinc (where the periodic alterations are 
quite slower). This is perhaps due to severe toxic nature 
of mercury salt (in contrast to zinc salt which is an 
essential trace element). However, prolongation of zinc 
salt exposure results in collapsing of this first line 
barrier system offered by slime because the slime gets 
easily dissolved out into the medium subjecting the 
cellular elements of the epidermis itself to the toxic 
stress of the zinc salt. The MCs of both the epidermal 
linings (inner and outer) of the operculum of the exposed 


618 


CURRENT SCIENCE, VOL. 73, NO. 7, 10 OCTOBER 1997 




RESEARCH COMMUNICATIONS 


Table 2, Summary of the histochemical alterations in the carbohydrate contents of the various cell type of 
inner opercular epidermis of H. fossilis at various intervals of sublethal zinc chloride exposure 


Cell Control 5 days 10 days 20 days 30 days 45 days 


PAS technique for glycoproteins (1,2 glycols) 



ECs 

1-2 

± 

± 

OL 




MCs Periphery 

3 

3-4 

3-4 

Contents 

3 

3-4 

3-4 

S 

0 

0 

0 

AB 2.5 technique for sulphated mucopolysaccharides 


ECs 

1 

2-3 

2 

OL 




MCs Periphery 

3 

3 

2 

Contents 

3 

3 

2 

S 

0 

0 

0 


4 

4 

0 


±~ 1 

1 ~2 
1 ~2 
3 


2 

3 

2 

3 


0 

2-3 

2 

3 


2 

3-4 

3-4 

0 


±- 1 

2-3 

2-3 

0 


AB 2.5/PAS technique for acidic and neutral glycoproteins 
ECs 0 


OL 


MCs 


Periphery 

Contents 

S 


2-3G 

2~3G 

0 


Salivary amylase/PAS technique for glycogen 


BB for >vater stable mucoproteins 

ECs ± 

MCs 


OL 


Periphery 

Contents 


1-2 
1 -2 


2G 

2G 

2R 

IR 

1 -2VS 

4G 

4VS 

3-4VS 

2G 

3~4VS 

4G 

4VS 

3-4 

2G 

3-4VS 

0 

0 

3-4G 

2R 

0 

le stages of exposure 




0 

1 

± 

± 

±- 1 

3-4 

3-4 

3-4 

3-4 

3 

3-4 

3-4 

3-4 

3-4 

3 


Symbols and abbreviations are as in Table 1. 


fish not only show quantitative alterations at different 
stages of zinc chloride exposure, they also exhibit quali¬ 
tative alterations within the same or different stages of 
exposure (Tables 1, 2). The same or different MCs of 
the skin, at different stages of experimentation show 
varying intensities of PAS and/or AB 2.5 positive 
reactions, indicating synthesis of slime containing acidic 
or a mixture of neutral and acidic glycoproteins'^"^"*. It 
was also observed that the MCs in the lower and middle 
layers generally show more strong PAS reaction. During 
their migration towards the outer surface, these cells 
progressively show increased alcianophilia, indicating a 
change in the nature of the mucus (from neutral to 
acidic and/or weakly sulphated). Similar alteration in 
staining property (from neutral to acidic mucosubstances) 
of the MCs of the opercular epidermis during their 
migration from middle to outermost layer have also 
been observed by Zuchelkowski et and PauP"* 
following exposure to acid waters and ammonium sul¬ 
phate solution respectively. It is well illustrated that 
acute lethality of dissolved zinc is reduced at low pH. 
The shift in the nature of the mucus towards acidity 
and/or weak sulphation as revealed by increased AB 


2.5 reaction is thus significant as the mucous film over 
the body surface perhaps reduces the acute toxicity of 
the zinc by providing a thin layer of water stable BB 
positive slimy coating of viscous nature. Also, the 
composition and distribution of mucus may be affected 
by physiochemical features of water^^"'^^. The collapse 
of the protective barrier provided by the slimy coating 
due to stress of zinc salt results in subsequent wear 
and tear of the superficial cell layer of the outer (not 
inner) opercular covering. Regeneration of new MCs 
re-establishes the much desired protective mucoid 
covering, which helps the outermost layer of the epi¬ 
dermis to regenerate and smoothen. Isolation and bulging 
out of the ECs from their neighbours with their sub¬ 
sequent sloughing, singly or in batches of 2 to 3 cells 
are the main toxic manifestation of the zinc-salt on the 
outer opercular lining. These cells bear well dilated 
large, lightly stained nuclei. The inner epidermal lining 
of the operculum does not show similar massive wear 
and tear of the cellular constituents because this layer 
has more effective mucogenic activity than that of the 
outer covering. Even after 45 days of exposure when 
the outer opercular covering due to loss of mucous 
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coating shows extensive damage, including splitting, the 
density of MCs of inner opercular lining remains greater 
than that of the control level, causing no visible alteration 
to its structure. 

Appearance of prominent intercellular vacuoles is an 
important symptom of disintegration of CCs. Following 
exposure to sublethal concentration of zinc chloride, the 
CCs also exhibit extensive damage in the form of marked 
vacuolization which is more severe than that of the 
acute treatment. Periodic regeneration of the CCs, how¬ 
ever, also takes place and at certain stages of exposure 
(e.g. 30 days) more than one tier of CCs are established 
at certain sites. Prolonged exposure to the sublethal 
concentration of zinc chloride causes decreased den¬ 
sity/size of the CCs which disappear following their 
damage. These damaged CCs later get invaded by phago¬ 
cytes (Figure 1/) for accelerating the process of de¬ 
generation of the CCs. Similar invasion of phagocytes 
within the CCs has recently been observed in the am¬ 
monium sulphate-treated fish^^ However, infiltration of 
the CCs by phagocytes following exposure to mercuric 
chloride*, sodium chloride^'^ and detergents^**’^' has not 
been reported. While studying the response of CCs in 
the skin of the carp Cyprinus carpio to exogenous 
stresses (including heavy metals also), Iger et al?'^ 
noticed involvement of CCs in the lysis of leukocytes, 
probably after phagocytosis of these cells. They also 
noticed increased activity of the CCs of the exposed 


II 



Figure 2. Periodic fluctuations in the percentages of density of 
polygonal epithelial cells (ECs) and thickness of the outer opercul^ 
epidermis at different stages of sublethal zinc chloride exposure. X 
SEM; based on Duncan’s multiple range test. (Average of control 
values is considered as 100%. a, control VS respective experimental 
group; b, respective experimental group VS preceding experimental 
group; NS, non significant; P< 0.005, **, P< 0.001). 
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fish. Similar periodic alterations in the density of MCs, 
CCs and melanophores have also been observed under 
the toxic stress of several ambient xenobiotics (including 
heavy metal Acute exposures to mer¬ 

curic chloride and ammonium sulphate^"* induced great 
shedding of so-called still living ECs following their 
extensive damage at the outermost layer. This may cause 
indirect rupture of the CCs, leading to squeezing out 
of the contents of the underlying CCs due to lateral 
pressure of the neighbouring cells that actively contributes 
to lay a thick protective crust of proteinaceous substance 
over the still intact (apparently undamaged) epidermis 
to prevent further penetration of the ambient xenobiotics. 
Similar squeezing of CC materials was, however, not 
observed in the mechanically injured epidermis during 
wound healing experiments^^'^^ On the other hand, the 
CCs of dorsal skin of H, fossilis exposed to sublethal 
concentration of ammonium sulphate showed progressive 
decrease in the size due to waning of these cells during 
their migration to the surface becoming very small before 
being shed individually or along with other cellular 
elements^l According to Iger et al?'^ most phagosome- 
containing CCs finally migrate, actively or through the 
pressure of neighbouring cells, to the surface and ap- 



Figure 3. Periodic fluctuations in the percentages of density of 
polygonal epithelial cells (ECs) and thickness of the inner opercular 
epidermis at different stages of sublethal zinc chloride exposure. X 
SEM; based on Duncan’s multiple range test. (Average of control 
value is considered as 100%. a, control VS respective experimental; 
b, experimental group VS preceding experimental group; NS, non 
significant; *» P< 0.005, **, P< 0.001). 
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parently leave the epidermis. They concluded that CCs 
are engaged in the stress response of fishes in addition 
to production of pheromones reported in the literature. 
Appearance of glycogen granules in the CCs of fish 
skin has also been observed following hyper-osmotic 
stress of ammonium sulphate^^ sodium chloride^^, and 
synthetic detergent^ ^ ECs of detergent-exposed outer 
epidermal lining^* and ammonium sulphate-treated inner 
epidermal (opercular) lining and regenerating dorsal skin 
epidermis following mechanical wounding also contain 
varying amounts of glycogen granules^'^''^'^ These authors 
correlated such accumulation of glycogen with distur¬ 
bance of the normal physiology of the epidermis induced 
by the ambient toxicants and/or mechanical injury. How¬ 
ever, exposure to mercuric chloride^ and sublethal zinc 
chloride (present study) did not exhibit such deposition 
of glycogen granules in any of the cellular components 
of the outer opercular epidermis. Appearance of glycogen 
granules in the ECs of inner opercular epidermis after 
exposure to lethal concentration (only), however, indi¬ 
cates greatly disturbed physiology of these cells under 
the severe toxicity of the concentrated zinc salt solution. 
From the above-mentioned study, it is clear that sublethal 
concentration of zinc chloride solution causes certain 
prominent histopathological damages to the opercular 
epidermal linings which, in turn, can be considered for 
their utilization as potential bioindicator for analysing 
the variously contaminated waters. 
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The Simple Science of Flight: From 
Insects to Jumbo Jets. By Henk 
Tennekes, The MIT Press, Cambridge 
Mass, USA & London, UK, 1992 EngUsh 
edition, 1996, $20.00 


There are many books on the science of 
flight, Clark Millikan’s book*, written in 
the 1940s, probably introduced many an 
engineering student to the subject in the 
post World War II years. Kermode’s 
Mechanics of Flight appeared some sixty 
years ago and became the gospel for 
airmen — pilots, and airline crews after 
World War I. The 10th. revised and 
updated edition^ appeared in 1996. Neither 
of these books mentions bird flight. 
Hankin’s^ was probably the first book 
on animal flight - but Lord Rayleigh - as 
in several other disciplines, was there 
first! His paper on the soaring flight of 
the Albatross appeared in Nature"^ in 1883. 
So one might ask: What’s new? Tennekes’ 
unusual book is fresh and different-it 
is lively, informative about flight in gen¬ 
eral and illuminates a number of 
topics-all amenable to simple calcula¬ 
tion and linked with the main subject. 
Birds, bees, motor cars, trains, ships and 
airplanes are all strung together to reveal 
a point or two about how things that fly 
perform and why the Jumbo Jet should 
be considered a super-engineering marvel. 
In talking about birds the author is in 
good company as all the pioneers of 
flight used their observations of nature 
to good effect. 

Tennekes’ book is almost unique. For 
comparison two other books come to 
mind. Flight of Fancy^ in which young 
Archibald Higgins is bored with walking 
on earth and envies the birds. He is 
introduced to flight by his pet bird Max 
and a young, presentable Parisenne, 
Sophie. Cartoons and - trials and tribula¬ 
tions, and fluid mechanics and the mys¬ 
teries of flight get Archie into the air. 
This is fun and physics but does not 
have the range and engineering repertoire 
of Tennekes. The other book - on Animal 
Flight^ by a noted biologist turned aero- 
dynamicist, Pennycuick is a primer on 
the anatomy, physiology and performance 
of flying animals. While providing a good 
introduction to animal flight it does not 
cover airplanes. 

In six chapters - each about 20 
pages — profusely illustrated — Tennekes 
with his active background in aeronautical 


engineering, fluid dynamics, meteorology, 
as a pilot and not the least, naturalist of 
long standing, shows by physical argu¬ 
ment, illustration and simple calculation, 
how one might understand the perform¬ 
ance of flight systems - natural and man 
made-and also enjoy the subject. 

Chapter 1 begins by looking out of 
the window of a passenger aircraft and 
musing how the airplane is kept in the 
air. Basic elements of Newtonian 
mechanics then rapidly lead to relations 
between wing loading, lift and air speed, 
culminating in the Great Flight Diagram 
with an astonishing collection of data 
from about a hundred fliers. It is eloquent 
testimony that science brings order into 
a seemingly disparate jumbles of entities. 
The SI systems of units is painlessly 
used and explained. So bird watchers, 
physiologists as well as engineers and 
physicists can all find their way. The 
author makes sure that the subject under 
discussion is comprehensible and comes 
alive to those who were brought up on 
'horse power’, ‘pounds per square inch’ 
or ‘kilocalories’. Even today not all of 
us feel comfortable with Newtons and 
Pascals, Joules and Watts. Incidentally 
the similarity plot of the Great Flight 
Diagram was known to Helmholtz and 
is displayed by Von Karman in his 
historical book on aerodynamics’^. 

Chapter 2 discusses the power required 
for and energy expended in, flight. An 
experiment conducted by a biologist who 
trained birds to fly in a wind tunnel, 
serves as introduction to a basic tool 
used by aeronautical designers. The author 
also shows how the power-speed rela¬ 
tionship of flight systems is markedly 
different from other transport. Airplanes 
and birds achieve economy at relatively 
higher speeds because the resistance to 
motion is composed of compensating 
terms - one increasing and the other 
decreasing with speed. There is also an 
interesting diversion for weight watchers, 
displaying data and comments on 
the energy content of fuels and food 
stuff. 

In Chapter 3 the effect of winds and 
weather on flight are examined. For 
reasons of safety, comfort and economy 
airlines have to keep track of winds, 
clouds and storms-so do birds foraging 
for food or migrating across continents. 
Gliding and soaring then naturally appear, 
preceding the Great Gliding Diagram of 
the next chapter. The calculation of the 


take-off runs of airplanes and the rela¬ 
tionship with the required length of run¬ 
ways of airports is typical of the author’s 
first hand grasp of the essentials and his 
ability to produce reasonable numbers. 
One hopes that those who finally build 
the much delayed. New Bangalore Airport 
will read Tennekes’ book-or better still 
ask his advice! 

Chapter 4 comes to grips with techni¬ 
calities of aerodynamic efficiency and 
basic elements entering into the design 
and performance of flight systems. Being 
a keen skater, the author cannot help 
noting the similarities of the speed and 
force triangles in the two cases. The 
Great Gliding Diagram - (Glide Polar to 
Aero Engineers and sail plane fliers)- 
follows. Birds, sailplanes and aircraft can 
sustain their flight without expenditure 
of energy if their aerodynamic 
‘clean-ness’ is above a certain value by 
seeking updrafts of about one meter per 
sec. The core element of this chapter is 
the discussion of the power required dia¬ 
gram and the elements of ‘induced’ and 
‘friction’ drag. It is rather curious that 
‘circulation’ and ‘vorticity’ or ‘Reynolds 
numbers’ do not appear - Prandtl, the 
father of modem fluid dynamics and aero¬ 
nautics, showed many decades ago how 
these concepts lead to simple physical 
explanation of forces on a wing. Practi¬ 
cally everyone has seen the ‘contrails’ 
of high flying airliners. Another relatively 
minor, omission relates to the high lift 
required by airplanes as well as birds 
during take-off (and landing) when the 
forward speeds are low. Airplanes use 
flaps and other devices. The birds (and 
insects) use large amplitude wing motions. 
A new aerodynamic principle (the clap 
and fling) for high lift was discovered 
by Weiss-Fogh** in his studies of moths 
and small insects. A more recent obser¬ 
vation"^ shows that in their flight, moths 
with triangular wings create unsteady 
leading edge vortices similar to swept 
back aircraft wings of low aspect ratio. 
Perhaps the omission stems from the fact 
that these nonlinear and unsteady motions 
are as yet not amenable to simple cal¬ 
culation. 

Chapter 5 discusses toy airplanes, kites, 
amateur racing aircraft as well as hang 
gliders, ultralights and man powered air¬ 
craft. The discussion of Paul Mac 
Cready’s Gossamer Condor and the MIT 
team’s Monarch which won the Kramer 
prizes is particularly interesting as they 
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do not yet figure in the usual aeronautical 
literature. 

The final chapter discusses the Boeing 
747 and its competitors. The discerning 
reader, while being impressed by the 
arguments marshalled to show that the 
747 design is a superior, practical com¬ 
promise solution for intercontinental air 
traffic, may wonder if the Concorde has 
received its due. Issues of cost, sonic 
booms and commercial viability are real 
but should they completely obscure the 
signal advances in the science of flight 
embodied in the Concorde, the Ogee wing, 
for example? It is also surprising not to 
find even a passing reference to the 
indomitable DC-3 (the Dakota) - of which 
more than 10,000 were built and which 
ushered in the Age of Civil Air Transport. 
Some 500 of these are still flying around 
all over the world. These arc small omis¬ 
sions. 

Tennekes’ book is informative, simply 
written and full of entertaining asides. 
People from many disciplines - especially 
young people-can learn and enjoy the 
science of flight. The book is well 
produced and beautifully illustrated. The 
$ 20 price may put it out of reach 
for some-but libraries must acquire a 
copy. 
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Clifford (Geometric) Algebras. W. E. 
Baylis, ed., Birkhauser, Boston. 1996. 
517 pp. DM 118. 


This is a fairly large book (520 pages) 
on Clifford’s geometric algebras written 
mostly from the point of view of appli¬ 
cations in physics and to a much lesser 
extent, in engineering. For an introduction 
into the mathematical aspects of the sub¬ 
ject, the reader may consult Clifford 
Algebras and Dirac Operators in Har¬ 
monic Analysis by J. E. Gilbert and 
M. A. M. Murray, Cambridge University 
Press, 1991. 

Given a finite dimensional vector space 
V over real or complex field F, equipped 
with a quadratic form Q, one defines a 
Clifford algebra Cl(y, Q) over (V, Q) as 
the algebra generated by {i'(z;)!t; e V } 
and {A /1 i G F), satisfying (i<t^))^ = 
- Q{v)L If we denote by (p, q non¬ 
negative integers such that p-vq>0) the 
real vector space equipped with the 
quadratic form. 


P p-^ii 

j=P^\ 

then some simple examples of Clifford 
algebras emerge, e.g., Cl(i?^’’^^) ^ 

= Hamilton’s 
algebra of quaternions (which is isomor¬ 
phic to the algebra generated by i times 
the Pauli matrices), etc. Then the basic 
results are that there exists a (universal) 
Clifford algebra over (U, Q) of full 
dimension 2^^'"^ and this can be con¬ 
structed canonically as a subalgebra of 
the algebra of maps on the exterior algebra 
on V, generated by the so-called creation 
and annihilation operators. Also the group 
SO(V, Q) of orthogonal transformations 
on (V, Q) with determinant 1 has a cov¬ 
ering group called spin (V, 0, whose Lie 
algebra is generated by the bi-vectors in 
C1(V; 0. This feature enabled Dirac to 
construct the representations of the 
Lorentz Lie-algebra in his theory of elec¬ 
tron. 

Out of a total of 33 chapters in the 
book, 25 are devoted to various construc¬ 
tions involving Clifford algebras and their 
applications in physics. This reviewer 
found the chapter on the application of 
Clifford algebras in projective geometry 
and to computer vision the most inter¬ 
esting. Though it covers a wide range of 
materials, in some selected narrow areas, 
the book cannot be used either as a 
textbook or as a research monograph but 
only as a kind of a reference book. 

K. B. SlNHA 

Indian Statistical Institute, 

7, S.J.S. Sansanwal Marg, 

New Delhi 110016, India 
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HISTORICAL NOTES 


Archaeoastronomy and literature 

Subhash C. Kak 

We report the resolution of a long-standing controversy related to the dating of ancient Indian astronomical 
texts and literature. We show that the Brahmanas, which are post-Vedic textsj cannot be later than the 
second millennium BC. This means that the chronology of the Indian texts is close to the traditional 
dates. We sketch the stages of the earliest Indian astronomy. 


Astronomers are interested in information 
related to eclipses, supernovae, and other 
phenomena in the ancient world. Such 
phenomena are described in the Indian 
texts but there has been a long-standing 
controversy about the chronology of these 
texts. Although traditional history places 
the bulk of the Vedic texts in the period 
of the fourth to the second millennium 
BC, the chronology proposed by Max 
Muller' and generally adopted in the West 
dates Rigveda to 1200-1000 BC, the other 
Vedic texts to 1000-800 BC, and the 
Brahmanas to 800-600 BC. Influenced by 
this scheme, Vedahga Jyotisa, the Vedic 
manual of astronomy", which has an 
internal date of about 1370BC, has been 
ignored by the historians of astronomy, 
and it has been arbitrarily assigned to a 
period one thousand years later. 

Vedic books do refer to several early 
astronomical events that take us to various 
times in the broad period of 4000- 
2000 BC^. For example, there is the well- 
known statement in the Satapatha 
Brahmana that the Krttikas (Pleiades) do 
not swerve from the east which was true 
of about 2000 BC. Likewise, the earliest 
naksatra lists start with the Krttikas and 
it is generally accepted that these lists 
count the naksatras with the rising on 
the vernal equinox, but the critics have 
discounted such evidence arguing that we 
cannot be certain that the naksatras were 
assigned the same part of the sky as in 
later Indian astronomy. 

In this article we show that it is possible 
to, unambiguously, date the rites described 
in the Brahmanas, to the second millen¬ 
nium BC. This means that the Max Muller 
chronology must now be rejected. For 
the archaeoastronomer, this allows the 
placing in context of a vast amount of 
astronomical information. 

The Brahmanas recognize that the speed 
of the sun varies with the seasons. The 
year-long rites of the Brahmanas were 
organized with the summer solstice 
(vlsuvani) as the middle point. There were 


two years: the ritual one started with the 
winter solstice {mahavrata day), and the 
civil one started with the spring equinox 
(vlsuva). Vedic rites had a correspondence 
with the different stages of the year and, 
therefore, astronomy played a very sig¬ 
nificant role in that society. These rites 
counted the days up to the solstice and 
in the latter half of the year, and there 
is an asymmetry in the two counts. This 
is an astronomical parameter, which had 
hitherto escaped notice, that allows us to 
date the rites to no later than the second 
millennium BC. 

Several aspects of the astronomy 
described in the earliest texts of India 
have recently become known"'"Most 
of that material was based on the astro¬ 
nomy of the fire altars. The fire altars 
are made in a manner so that their areas 
correspond to the lengths of the lunar or 
the solar years and as there is a difference 
between the two types of year, an increase 
in the area of the fire altar that equals 
the difference is prescribed in its second 
construction. Finally, there is a prescrip¬ 
tion that 95 such altars be built in a 
sequence defining a 95-year cycle of 
intercalation. 

Recent researches from a variety of 
fields have led to a new understanding 
of the chronology of the Vedic literature. 
Archaeologists and geologists have esta¬ 
blished that SarasvatT, the mightiest river 
of the Rigvedic era which ran down to 
the sea during that period, is the same 
as the Ghaggar-Hakra'"'. Since there 
existed flourishing settlements on the 
banks of the river prior to about 1900 BC 
and the fact that we see small settlements 
on the dry bed which date to the middle 
of the second millennium BC'^, it is clear 
that the river dried up around 1900 BC, 
perhaps due to a major tectonic upheavel. 
As the Rigvedic hymns speak of Sarasvati 
flowing to the sea, the only conclusion 
open to us is that the Rigvedic era should 
be considered to be prior to ca. 2000 BC. 
The traditional dating of the Rigveda, 


considered to belong to an era prior to 
the Mahabharata war, is considerably 
^rlier than this period. According to 
Aryabhata the Mahabh^ata war took 
place ca. 3100 BC and according to 
Varahamihira it took place ca, 2400 BC. 
It appears that the discrepancy between 
the two traditions arose due to conflicting 
interpretations when a calend^al review 
occurred some time before Aryabhata''. 
On the other hand, according to a French 
team that surveyed the dried SarasvatT 
bed, the river dried up much before 1900 
BC and during the Harappan era (2600- 
1900 BC) the region was irrigated by 
means of canals'^. If this were true, then 
the era of the Rigveda would come even 
closer to one of the traditional dates. 
Nevertheless, to be as conservative as 
possible we take ca. 2000 BC as the 
closing of the Rigvedic age. The astro¬ 
nomy of this era has been described 
recently"'"". 


The two halves of the year 

Aitreya Br. 4.18 describes how the sun 
reaches the highest point on the day 
called visuvant and how it stays still for 
a total of 21 days with the visuvant being 
the middle day of this period. In 
Paheavimsa Br. (chapters 24 and 25), 
several year-long rites are described where 
the visuvant day is preceded and followed 
by three-day periods. This suggests that 
the sun was now taken to be more or 
less still in the heavens for a total period 
of 7 days. So it was clearly understood 
that the shifting of the rising and the 
setting directions had an irregular motion. 

SB 4.6.2 describes the rite called gavarn 
ayana, the ‘sun’s walk’ or the ‘cows’ 
walk’. This is a rite which follows the 
motion of the sun, with its middle of the 
visuvant day. 

Yajurveda (38.20) says that the 
ahavanTya or the sky altar is four-cornered 
since the sun is four-cornered, meaning 


624 


CURRENT SCIENCE, VOL. 73, NO. 7, 10 OCTOBER 1997 


HISTORICAL NOTES 


thereby that the motion of the sun is 
characterized by four cardinal points: the 
two solstices and the two equinoxes. 

The year-long rites list a total of 180 
days before the solstice and another 180 
days following the solstice. Since this is 
reckoning by solar days, it is not clearly 
stated how the remaining 4 or 5 days of 
the year were assigned. But this can be 
easily inferred. 

Note that the two basic days in this 
count are the visuvant (summer solstice) 
and the mahavrata day (winter solstice) 
which precedes it by 181 days in the 
above counts. Therefore, even though the 
count of the latter part of the year stops 
with an additional 180 days, it is clear 
that one needs another 4 or 5 days to 
reach the mahavrata day in the winter. 
This establishes that the division of the 
year was in the two halves of 181 and 
184 or 185 days. 

Corroboration of this is suggested by 
evidence related to an altar design from 
the Satapalha Brahmana which is shown 
in Figure 1. This altar represents the path 
of the sun around the earth. The middle 
point, which represents the earth and the 
atmosphere is at a slight offset to the cen¬ 
tre. This fact, and the fact that the number 
of bricks in the outer ring are not sym¬ 
metrically placed, shows that the four 
quarters of the year were not taken to 
be symmetric. 

This inequality would have been easy 
to discover. The Indians used the reflec¬ 
tion of the noon-sun in the water of a 
deep well to determine the solstice days. 

If one assumes that the two halves of 
the year are directly in proportion to the 
brick counts of 14 and 15 in the two 
halves of the ring of the sun, this cor¬ 
responds to day counts of 176 and 189. 
This division appears to have been for 
the two halves of the year with respect 
to the equinoxes if we note that the 
solstices divide the year into counts of 
181 and 184. 

The apparent motion of the sun is the 
greatest when the earth is at perihelion 
and the least when the earth is at aphelion. 
Currently, this speed is greatest in Janu¬ 
ary. The interval between successive peri¬ 
helia, the anomalistic year, is 365.25964 
days which is 0.01845 days longer than 
the tropica] year on which our calendar 
is based. In 2000 calendar years, the date 
of the perihelion advances almost 35 days; 
in 10000 years, it advances almost a half- 
year (175 days). This means that the peri¬ 


helion movement has a cycle of about 
20000 years. 

In the first millennium BC, the earth 
was at perihelion within the interval prior 
to the winter solstice. Thus during this 
period the half of the year from the summer 
solstice to the winter solstice would have 
been shorter than the half from the winter 
solstice to the summer solstice. This is just 
the opposite of what is described in the 
rites of the Brahman as. 

It is interesting that the Greeks dis¬ 
covered the asymmetry in the quarters 
of the year about 400 BC. Modern cal¬ 
culations show that at this time the four 
quarters of the year starting with the 
winter solstice were 90.4, 94.1, 92.3, and 
88.6 days long. The period from the 
winter solstice to the summer solstice 
was then 184.5 days and the perihelion 
occurred more than a month before the 
winter solstice’"^. 

The count of about 181 days from the 
winter to the summer solstice would be 
true when the perihelion occurs before 
the summer solstice. This will require it 
to move earlier than mid- to late June 
and no earlier than mid- to late December. 
In other words, compared to 400 BC, the 
minimum number of months prior to 


October is 4 and the maximum number 
of months is 10. This defines periods 
which are from 6850 years to 17150 
years prior to 400 BC. 

These periods appear too early to be 
considered plausible and this may reflect 
the fact that the measurements in those 
times were not very accurate. Neverthe¬ 
less, it means that the first millennium 
BC for the rites of the Brahmanas, as 
has been assumed by colonial historians, 
is absolutely ruled out. 

Since the Satapatha Br. has lists of 
teachers that go through more than fifty 
generations, we know that the period 
of the Brahmanas was a long one, perhaps 
a thousand years. To be as conservative 
as possible, we propose the period 2000- 
1000 BC as reasonable for these texts. The 
Vedic Samhitas should now be assigned 
to the earlier fourth and third millennia 
BC. It is significant that the dating of the 
second millennium BC is consistent with 
the recent archaeological findings'^. 

Stages of ancient Indian astronomy 

Our understanding of the Indian astro¬ 
nomy is undergoing a major shift. More 
than a hundred years ago, Burgess’"'’ saw 
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Figure 1. An altar that represents the asymmetric circuit of the sun. 
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the Indians as the originators of many 
of the notions that led to the Greek 
astronomical flowering. This view slowly 
lost support and then it was believed that 
Indian astronomy was essentially deriva¬ 
tive and it owed all its basic ideas to 
the Babylonians and the Greeks. It was 
even claimed that there was no tradition 
of reliable observational astronomy in 
India. 

Using statistical analysis of the para¬ 
meters used in the many Siddhantas, 
Billard showed“^^ that the Siddhantas were 
based on precise observations and so the 
theory of no observarional tradition in 
India was wrong. Since then it has been 
found that the Vedic books are according 
to an astronomical plan. 

Earlier, it was believed that the 
mahayuga/kalpa figure of 4,320,000, 
which occurs in the Siddhantas, was bor¬ 
rowed from the astronomy" ‘ of the 
Babylonian Berossos {ca. 300 BC). But 
this is already an important astronomical 
number in the much earlier Satapatha 
Brahmana. The reason why incorrect 
notions related to Indian astronomy have 
persisted so long is because the authors 
have been unfamiliar with a great mass 
of the literature. 

It is also being recognized that the 
Siddhantic astronomy has features which 
are unique to India and it represents an 
independent tradition. In the words of 
Thurston^^: 

Not only did Aryabhata believe that 
the earth rotates, but there are glim¬ 
merings in his system (and other similar 
Indian systems) of a possible under¬ 
lying theory in which the earth (and 
the planets) orbits the sun, rather than 
the sun orbiting the earth.. .. The sig¬ 
nificant evidence comes from the inner 
planets: the period of the sTghrocca is 
the time taken by the planet to orbit 
the sun. 

It is not clear that Aryabhata was the 
originator of the idea of the rotation of 
the earth. It appears that the rotation of 
the earth is inherent in the notion that 
the sun never sets that we find in the 
Aitreya Brahmana 2.7: 

The [sun] never really sets or rises. In 
that they think of him ‘He is setting,’ 
having reached the end of the day, he 
inverts himself; thus he makes evening 
below, day above. Again in that they 
think of him ‘He is rising in the morn¬ 
ing,’ having reached the end of the 


night he inverts himself; thus he makes 

day below, night above. He never sets; 

indeed he never sets. 

One way to visualize it is to see the 
universe as the hollow of a sphere so 
that the inversion of the sun now shines 
the light on the world above ours. But 
this is impossible since the sun does 
move across the sky during the day and 
if the sun does not set or rise it does 
not move either. Clearly, the idea of 
‘inversion’ denotes nothing but a move¬ 
ment of the earth. 

By our study of the early Vedic sources, 
we are getting into the position of un¬ 
derstanding the stages of the development 
of the earliest astronomy. After the 
Rigvedic stage comes the period of the 
Brahmanas. This is followed by Lagadha’s 
astronomy. The last stage is early 
Siddhantic and early Purinic astronomy. 

These four stages are summarized 
below: 

1. Rigvedic astronomy (ca. 4000-2000 
BC). Motion of the sun and the moon, 
naksatras, planet periods. The start of 
this stage is a matter of surmise but we 
have clues such as Vedic myths which 
have been interpreted to indicate astronomi¬ 
cal events of the fourth millennium BC"^. 

2. Astronomy of the Brahmanas (2000- 
1000 BC). Astronomy represented by 
means of geometric altars; non-uniform 
motion of the sun and the moon; inter¬ 
calation for the lunar year; ‘strings of 
wind joined to the sun.’ 

3. Veddhga Jyotisa (ca. 1300BC) [La- 
gadha]. The text that has come down to 
us appears to be of a later era^. Being 
the standard manual for determination of 
the Vedic rites, Lagadha’s work must 
have served as a ‘living’ text where the 
language got modified to a later form. 

4. Early Siddhantic and early Puranic 
(WOO BC-500AD). Here our main 
sources are the Sulbasutras, the 
Mahabharata, the early Puranas and other 
texts. Further development of the 
sTghrocca and mandocca cycles, the con¬ 
cepts of kalpa. 

It is significant that these stages are 
well prior to the rise of mathematical 
astronomy in Babylonia and in Greece. 
The concepts of the sTghrocca and man¬ 
docca cycles indicate that the motion of 
the planets was taken to be fundamentally 
around the sun, which, in turn, was taken 
to go around the earth. 

The mandocca, in the case of the sun 


and the moon, is the apogee where the 
angular motion is the slowest and in the 
case of the other planets it is the aphelion 
point of the orbit. For the superior planets, 
the sTghrocca coincides with the mean 
place of the sun, and in the case of an 
inferior planet, it is an imaginary point 
moving around the earth with the same 
angular velocity as the angular velocity 
of the planet round the sun; its direction 
from the earth is always parallel to the 
line joining the sun and the inferior planet. 

The mandocca point serves to slow 
down the motion from the apogee to the 
perigee and speed up the motion from 
the perigee to the apogee. It is a repre¬ 
sentation of the non-uniform motion of 
the body, and so it can be seen as a 
direct development of the idea of the 
non-uniform motion of the sun and the 
moon. 

The sTghrocca maps the motion of the 
planet around the sun to the corresponding 
set of points around the earth. The sun, 
with its winds that hold the solar system 
together, is, in turn, taken to go around 
the earth. 

The antecedents of this system can be 
seen in the earlier texts. SB 4.1.5.16 
describes the sun as puskaranmdityo, ‘the 
lotus of the sky’. SB 8.7.3.10 says: 

The sun strings these worlds [the earth, 
the planets, the atmosphere] to himself 
on a thread. This thread is the same 
as the wind. .. 

This suggests a central role to the sun 
in defining the motions of the planets 
and ideas such as these must have ulti¬ 
mately led to the theory of the sTghrocca 
and the mandocca cycles. 

Concluding remarks 

The theory that the sun was the ‘lotus’ 
[the central point] of the sky and that it 
kept the worlds together by its ‘strings 
of wind’ gave rise to the heliocentric 
tradition in India mentioned by Thur¬ 
ston'^. The offset of the sun’s orbit 
evolved into the notion of mandocca and 
the motions of the planets around the 
sun were transferred to the earth’s frame 
through the device of the sTghrocca. 

The continuing analysis of the astro¬ 
nomical references in the Brahmanas has 
made it clear that the theory that the 
Siddhantic astronomy was somehow 
derived from the Babylonians and the 
Greeks is wrong. What is emerging from 
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texts, that are anterior, by any reckoning, 
to the eras of astronomical advance in 
Babylonia or in Greece is that astro¬ 
nomical ideas developed in India in stages 
and these stages can be seen in the 
different layers of the Vedic texts, the 
Brahmanas, and the Vedahga Jyotisa. 

The evidence from the design of the 
altar of Figure 1 confirms that the year 
was divided into two parts: winter solstice 
to summer solstice being equal to 181 
days, and midsummer-to-midwinter of 
184 or 185 days. This means that the 
Brahmana rites could not belong to the 
1st millennium BC. This conclusion is 
of the greatest significance for the chro¬ 
nology of the Vedic texts and it invali¬ 
dates the chronology popularized by Max 
Muller. This work supports the thesis^"^ 
that the Vedic and the Harappan periods 
were identical. 
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Rudolf Peierls - Physicist par 
excellence (1907-1995) 

Rudolf Peierls, one of the remark¬ 
able theoretical physicists of the 
20th century, died on 10 September 
1995. We reproduce on page 707 
the Rutherford Memorial Lecture 
which he delivered in India in 1987. 
Also reproduced in box (page 709) 
are the introductory remarks made 
by the present writer before Peierls 
delivered an Academy lecture, 
which give a flavour of the man and 
the scientist. 

The following account has been 
gleaned mostly from articles written 
about Peierls. 

Peierls was one of the physicists 
of his generation who had an enor¬ 
mous influence over the develop¬ 
ment of the subject and also over 
world affairs. Apart from his scien¬ 
tific contributions, Peierls will be 
remembered for the definitive role 
he played in the key scientific prob¬ 
lem of this century - the atom bomb. 
When the Second World War 
started, it was a common view 
amongst many knowledgeable 
physicists that making a uranium 
bomb was possible. The design of 
the bomb, however, hit a stumbling 
block when it was found that the 
amount of uranium required was 
impossibly large to be contained in a 
reasonable volume. The way round 
this obstacle came when Otto Frisch 
asked Rudolf Peierls whether the 
isotope alone could be used to 
make an atom bomb. Peierls made 
the calculation on the proverbial 
back of the envelope (which one 
guesses must have been quite large) 
and got the surprising result that less 
than a kilogram of would be 
quite sufficient for making a very 
‘effective’ bomb. The method and 
technology of separating from 
by gaseous diffusion was also 
worked out in detail. These investi¬ 
gations gave rise to the famous 
Frisch-Peierls Memorandum that 
was sent to the British Government 
and the document was immediately 
classified as top secret. The two 


authors who were then enemy aliens 
in England did not have access to 
the document they themselves had 
written. But soon good sense pre¬ 
vailed. The document was then sent 
to the United States. Peierls was 
invited over to Los Alamos and 
worked with Oppenheimer on the 
atomic bomb. The rest is history. 
The memorandum also established 
the devastation that such a bomb 
could cause. It was so great that 
Peierls never believed that there 
could ever be a limited nuclear war. 
He therefore took great interest in 
nuclear arms control and the Pug- 
wash movement of nuclear disar¬ 
mament. 

His experience and insight com¬ 
bined with great honesty and clarity 
of vision placed him amongst the 
most authoritative commentators in 
his field. Peierls’ name is almost 
synonymous with atomic history and 
we are fortunate that in his long life 
he has published a wide range of 
papers dealing with this science and 
the personalities involved in it and 
the various related issues of physics. 

Peierls was born in Berlin of a 
Jewish father and a Roman Catholic 
mother. He was baptized a Protes¬ 
tant. It is of some interest that he has 
written a balanced article on ‘The 
Jew in 20th century physics’. He 
went to the Humboldt school in 


Berlin and sampled several univer¬ 
sities in getting his first degree. To 
quote his reputed student Sam Ed¬ 
wards ‘To Berlin (where Max 
Planck’s lectures were amongst the 
worst in the world)’; to Munich 
‘where Arnold Sommerfeld’s were 
amongst the world’s best’ and to 
Leipzig where he gained his doctor¬ 
ate working with Heisenberg. His 
post-doctoral years took him to 
Europe, notably to Zurich from 1929 
to 1932 where he was Wolfgang 
Pauli’s assistant (Peierls has a large 
store of Pauli stories, some of which 
he has published). He also went to 
the USSR where he met Eugenia 
(who was also a physicist) and the 
year after that he went to Leningrad 
to marry her - a courageous act 
since the couple had a long battle to 
get her out of the country. There in 
the early thirties, he and Landau put 
down their thoughts on quantum 
chromodynamics. 

The work for which Peierls is best 
known from this period is on the 
physics of phonons. He actually es¬ 
tablished the concept of ‘zones’ in 
reciprocal space before Leon Bril- 
louin, established the Boltzmann 
transport equations for phonons and 
discovered the Umklapp process 
whereby the analogue of momentum 
conservation in a lattice occurs 
modulo a reciprocal lattice vector. 
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His many papers on electrons in 
metals have passed deeply into the 
literature, especially those on the 
conductivity of the solids in a mag¬ 
netic field and the concept of holes 
in the electronic structure of solids. 

From Zurich he went to Rome, to 
Cambridge and then onto Manches¬ 
ter where a fund had been set up for 
refugees. He and Hans Bethe found 
themselves together there. In answer 
to a question by Chadwick they 
published a definitive paper on the 
photodisintegration of the deutron. 
Their paper on the statistical me¬ 
chanics of alloys still serves as a 
basis for improving mean field 
theories of structural phase changes 
in complex alloys. At Cambridge, he 
did notable work on superconduc¬ 
tivity and liquid helium. He and P. 
G. L. Kapoor gave a general disper¬ 
sion formula for nuclear reactions 
using complex boundary conditions 
on the spherical nuclear surface. In 
1937 he accepted the Chair in the 
University of Birmingham and 
joined as the head of the mathemat¬ 
ics and theoretical physics depart¬ 
ments. In 1964 he came to Oxford 
and remained there till the end of his 
life. 

On an earlier visit to India, Peierls 
made it a point to attend a seminar 
given by C. V. Raman explaining his 
theory of the dynamics of crystal 
lattices, a subject on which there 
was much controversy between Ra¬ 
man and Max Born. Peierls then 
wrote a paper, which was published 
in India, pointing out the error that 
Raman had committed. When Arthur 
Edington, the great astrophysicist, 
was ridiculing Subrahmanyan 
Chandrasekhar’s views, Peierls was 


one of the few who published a pa¬ 
per (in the Royal Astronomical So¬ 
ciety) that Edington was wrong. 
Peierls is particularly remembered 
by a large community of theoretical 
physicists from all over the world 
for the enormous support he gave to 
the progress of theoretical physics 
and who turned his hand to any 
problem in physics. When I had to 
teach dislocation theory to under¬ 
graduates at the Indian Institute of 
Technology, I came across Peierls’ 
name in connection with the forces 
that moved dislocations. I wondered 
how a person so involved in other 
areas got to work on dislocation 
physics. As Peierls explained, he 
knew nothing about dislocations but 
when Orowan was stuck on the 
problem of calculating the force re¬ 
quired to move a dislocation he 
could give a solution, as Peierls 
knew classical elasticity due to the 
grounding he received by listening 
to Arnold Sommerfeld’s lectures. 
This was later developed further by 
Nabarro and is now known as the 
Peierls-Nabarro force. 

Peierls was one of the great gen¬ 
eralists and had an authoritative 
grasp of almost every aspect of theo¬ 
retical physics. He took his teaching 
responsibilities very seriously. He 
disdained embellishments and en¬ 
couraged students to find the clear¬ 
est and simplest route to an answer. 
It is estimated by Hans Bethe that 
scores of the better theoretical 
physicists of England were trained 
under Peierls during his tenure at 
Birmingham and Oxford. He had a 
distinctive style in physics. His con¬ 
tributions to education in physics 
and nuclear arms control and also 


East-West understanding will al¬ 
ways be remembered. Peierls would 
like to be known as a physicist who 
could turn his hand to any problem 
especially because theoretical 
physicists in the post-war period had 
a tendency to specialize in either 
nuclear physics or the fundamental 
particle science or the theory of 
solids. Peierls refused to do this and 
wanted to be a generalist. He ac¬ 
cepted research students in all the 
three fields and published papers on 
the application of quantum mechan¬ 
ics to solids and to nuclei. Both at 
Oxford and at Birmingham, Peierls 
had an open house. He always 
seemed to find ways of supporting 
scientists and his wife Eugenia was a 
kind, hospitable and decisive organ¬ 
izer of the visitors. Their large 
house was the centre of innumerable 
dinners and parties in which they 
and their four children enjoyed the 
company of many remarkable peo¬ 
ple. Anyone could go to these par¬ 
ties and gatecrashing was the order 
of the day as that was the best 
method of meeting socially the bet¬ 
ter physicists who visited England. 
According to Lady Eugenia Peierls, 
who died 5 years before Peierls, 
physicists could be divided into two 
classes: golfers who single-mindedly 
pursued a lonely path towards a 
clear goal (Dirac was the archetypi¬ 
cal example) and tennis players who 
made progress by batting ideas back 
and forth. Peierls is an example of 
the latter who not only played the 
game superbly and incomparably but 
always brought out the best in his 
opponent. 

S. Ramaseshan 
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Have we killed naturalists and natural history? 


In a recent issue of Conservation Biol¬ 
ogy (1996, 10, 1-3), its editor Reed F. 
Noss has made a passionate plea for 
vitalizing and promoting field biology, 
popularly known as natural history. 
Stimulated by that article, I went 
through a strong urge to share Noss’ 
comments, viewing them against the 
opportunities and strengths India has. 

Noss has set his article in the overall 
context of growing alienation of conser¬ 
vation biology from the reality, viz. 
basic field information. To quote him: 
‘What do our students lose when we 
teach them how to model population 
viability and analyse remote sensing 
data, but now how to distinguish the 
song of the bay-breasted warbler from 
that of the cape may, the track of the 
mink IVom that of the marten, the taste 
of the birch twig from that of the 
cherry? Will the next generation of con¬ 
servation biologists be nothing but a 
bunch of computer nerds with no first¬ 
hand knowledge of natural history? 


Does it follow that they will therefore 
have no personal emotional ties to the 
land?’ 

It is time we took note of these obser¬ 
vations, particularly because of the wid¬ 
ening conflicts between prudent 
resource management and degrading 
socio-political system in our country. 

Although a modern biologist will 
readily reject natural history as some¬ 
thing that is essentially anecdotal and 
consequently lacking reproducibility, it 
certainly triggers curiosity to know 
more, promotes zealotry towards nature, 
and enables perception of organic dis¬ 
cipline with greater reverence. Proba¬ 
bly, the most critical advantage is that it 
provides an opportunity to strike an 
emotional relationship between the hu¬ 
man species and nature as a whole. 

Noss’ article offers a number of vi¬ 
able suggestions which can be easily 
applied in the Indian context as well. 
Many more ideas can be developed and 
refined if we can make concerted efforts 


to revive natural history and dedicated 
naturalists. The following can be one 
suggestion to promote the idea: State 
and Central Governments with the help 
of motivated community groups can 
initiate ‘Stream/Riverwatch’ or 
‘Birdwatch’ programmes. They will not 
only be educational, but also recrea¬ 
tional. For instance, through the 
‘Stream/Riverwatch’ programme, chil¬ 
dren in upper primary and secondary 
schools can be encouraged to make 
simple observations on visible changes 
in rivers and streams. The raw informa¬ 
tion obtained can act as sources for de¬ 
veloping different monitoring/treatment 
projects. 

A. Raman 

Orange Agricultural College, 

The University of Sydney, 

PO Box 883, 

Orange NSW 2800, 

Australia 


NEWS 


Palaeobotany on stamps 


The Department of Post issued on 11 
Septernber 1997, four postal stamps on 
fossil plants to commemorate the fiftieth 
anniversary of the Birbal Sahni Institute 
of Palaeobotany. The stamps in the de¬ 


nomination of Rs 2.00 (Glossopteris), 
Rs 2.00 {Birbalsahnia divyadarshanii), 
Rs 6.00 (Pentoxylon) and Rs 10.00 
{Williamsonia sewardiana) depict the 
richness and variety of plant fossils in 


India. These are the first postal stamps 
of fossil plants from India. 

1. Williamsonia sewardiana. An ex¬ 
tinct plant of Mesozoic gymno- 
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sperms which belongs to William- 
soniaceae of the group Bennettita- 
les. Birbal Sahni reconstructed the 
plant as a miniature cycas tree with 
sparsely branched stem - 
Bucklandia Presl, leaf- 
Ptilophyllum Morris and female 
flower — Williamsonia Carruthers, 
Male flower - Weltrichia Braun was 
found later on. The plant thrived in 
Rajmahal Hills, Bihar about 140 
million years ago. 


2. Pentoxylon. An important discovery 
of Birbal Sahni is the recognition of 
a unique group of plants named 
Pentoxyleae from the Mesozoic se¬ 
quence of Rajmahal Hills, Bihar 
(age 110-140 million years). The 
reconstructed plant has the stem- 
Pentoxylon Srivastava, Leaf- 
Nipaniophyllum Sahni and female 
cone Carnoconites Srivastava. Male 
- Sahnia Vishnu Mittre was 
found later on. This Pentoxylon 


plant is used as an emblem of the 
Birbal Sahni Institute of Pa- 
laeobotany, Lucknow. 

3. Glossopteris, The tongue-shaped 
leaf Glossopteris, represents a 
unique group of extinct vascular 
plants (age - Permian 250-280 .mil- 
lion years). During this period India 
occupied a position south of equator 
close to South Pole as a part of very 
large continent called Gond- 
wanaland which included South 
America, Antarctica, Africa and 
Australia. The vegetation which was 
dominated by Glossopteris was re¬ 
sponsible for the coal reserves in 
peninsular India. 

4. Birbalsahnia divyadarshanii. Fossil 
of an enigmatic flower-like organ of 
the extinct plant named after emi¬ 
nent Indian palaeobotanists Birbal 
Sahni and Divya Darshan Pant. It 
was discovered from Hura Coal¬ 
field, Santhal Pargana, Bihar (age 
250-280 million years). 

The first day cover features the 
Birbal Sahni Institute, and a cameo 
inset of Birbal Sahni. The issue 
coincided with a formal Foundation 
Day function at the Institute on 
September 10. 


PSLV-Cl/ IRS-ID mission 


On 29 September 1997 the entire nation 
witnessed the final tense moments of 
countdown and the perfect lift-off of the 
PSLV-Cl carrying the operational class 
Indian Remote Sensing Satellite IRS- 
ID. In about 19 minutes, the satellite 
was put into a polar orbit of 820 km 
apogee and about 300 km perigee, dem¬ 
onstrating the capability of the im¬ 
proved PSLV to orbit 1200 kg class 
payload. As our Prime Minister 1. K. 
Gujral who witnessed the launch ob¬ 
served, this marks a major milestone of 
the country during the fiftieth year of 
her Independence. 

While the achieved apogee and incli¬ 
nation are within specification bounds, 
the perigee was lower by about 500 km. 
This was due to a shortfall of 1.7% in 
the required orbital velocity of 


7440 m/s. Preliminary analysis suggests 
that it was due to an anomaly in fourth- 
stage performance. Quick look data 
indicates normal performance of all 
other systems. 

Shortly after separation from the 
launch vehicle, the spacecraft solar 
panels were deployed automatically 
using on-board sequencer and the sat¬ 
ellite was put on 3-axis stabilized mode. 
Based on carefully planned orbital ma¬ 
noeuvres by onboard propulsion system 
of the spacecraft, the spacecraft has 
been put into a functional orbit and 
good pictures of all the cameras have 
been taken. 

It may be recalled that this is the 
fourth launch of PSLV, having com¬ 
pleted the three development flights 
during 1993-96. Though the first mis¬ 


sion, PSLV-Dl conducted in 1993 
could not place the satellite into orbit, 
the later two missions PSLV-D2 and D3 
flown during 1994 and 1996 have been 
totally successful in placing IRS-P2 and 
IRS-P3 satellites respectively into Polar 
Sun-Synchronous Orbit (SSO). 

PSLV-1C is the first in the PSLV 
Continuation series, carrying a payload 
of 1200 kg IRS-ID satellite. This pay- 
load enhancement is considerable com¬ 
pared to PSLV-D3 with a capability of 
950 kg. The major changes in the vehi¬ 
cle configuration from the previous 
mission, PSLV-D3, are: 

- The enhanced propellant loading 
of first stage from 129 t to 138 t 
and reduction in nozzle hardware 
mass. 
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Figure 3. 



Figure 2. 


Stretching of the second stage to 
accommodate 40.6 t of liquid pro¬ 
pellant from 37.5 t. 

Changed strap-on firing sequence 
with four strap-ons ground lit along 
with core and the remaining two lit 
on air instead of the 2/4 sequence 
adopted so far. 

- Effecting weight reduction in the 
vehicle equipment bay. 

Use of CFRP payload interface 
adapter. 



Figure 4, 


With a lift-off weight of about - 
294 tonne, the 44,4-metre tall PSLV has 
four stages. The first stage, one of the 
largest solid propellant boosters in the 
world, carries 138 tonne of propellant 
and measures 2.8 m in diameter. The 
motor case is made of maraging steel, 
which is indigenously produced. The 
booster develops a maximum thrust of 
about 4,630 kN, The first stage thrust is 
augmented by six strap-on motors, four 
of which are ignited on the ground. 
Each of these solid propellant strap-on 


motors, using indigenously produced 
Hydrozyl Terminated Poly Butadiene 
(HTPB) fuel and ammonium perchlorate 
oxidizer, produces 662 kN thrust. 

The second stage employs indige¬ 
nously manufactured Vikas engine and 
carries 40.6 tonne of liquid propellant 
Unsymmetrical Di-Methyl Hydrazine 
(UDMH) as fuel and nitrogen tetroxide 
(N 2 O 4 ) as oxidizer. It generates a maxi¬ 
mum thrust of about 725 kN. 

The third stage uses 7.2 tonne of 
HTPB-based solid propellant and pro¬ 
duces a maximum thrust of 340 kN. Its 
motor case is made of polyaramide 
(Kevlar) fibre. The fourth and the ter¬ 
minal stage of PSLV has a twin engine 
configuration using liquid propellant. 
With a propellant loading of 2 tonne 
(mono-methyl hydrazine + N 2 O 4 ), each 
of these engines generates a maximum 
thrust of 7.4 kN. 

The metallic bulbous heat-shield of 
PSLV, 3.2 m in diameter, is of isogrid 
construction and protects the spacecraft 
during the atmospheric regime of the 
flight. 

PSLV control system includes Secon¬ 
dary Injection Thrust Vector Control 
(SITVC) and reaction control thrusters 
for first stage, engine gimbal and, hot 
gas reaction control for second stage, 
flex nozzle and PS-4 RCS for third 
stage and engine gimbal along with RCS 
for fourth stage control. 

The inertial navigation system used 
for PSLV is the strap-down version with 
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guidance system resident in the equip¬ 
ment bay. It guides the vehicle till the 
injection of spacecraft into orbit. 

The main on-board instrumentation 
packages used for telemetry, tracking 
and command are: PCM/S-band teleme¬ 
try systems, S-band range and range rate 
transponders and C-band transponders, 
besides a host of power and signal 
conditioning packages. PSLV employs a 
large number of stage auxiliary systems 
for stage separation, heat-shield separa¬ 
tion, jettisoning, etc. 

The 294 tonne 44.4 metre tall PSLV 
lifted off from the launch pad at Sri- 
harikota with the ignition of the first 
stage along with four strap-on motors. 
The remaining two strap-on motors ig¬ 
nited about 25 s later. It may be recalled 
that in the previous flights the core first 
stage and only two of the six strap-on 
motor were being ignited at lift-off and 
the remaining four ignited about 30 s 
later. This change of ignition sequence 
results in improved payload capability 
for the launch vehicle. In the flight se¬ 
quence, the first set of four strap-on 
motors separated as planned at 68 s after 


lift-off and the second set of two strap- 
on motors separated at 90 s. The first stage 
separated at 119 s and the second stage 
ignition occurred immediately. The heat- 
shield was jettisoned at 159 s at an altitude 
of about 128 km after the launch vehicle 
had cleared the dense atmosphere. The 
second stage separation and the third stage 
ignition occurred at 282 s and the third 
stage separated at 501 s from lift-off. 
The last stage ignited after a long 
coasting at 602 s. The fourth stage cut¬ 
off occurred at 1037 s, followed by the 
injection of IRS-ID into orbit. 

The closed-loop guidance system 
came into effect at about 168 s after lift¬ 
off as planned and guided the vehicle 
till the satellite injection. The spacecraft 
was placed in orbit in a three-axis sta¬ 
bilized mode with guided injection. 

IRS-ID is the fourth of the ISRO- 
built operational Indian Remote Sensing 
(IRS) satellites. It is the first operational 
satellite to be launched by India’s own 
launch vehicle. The previous opera¬ 
tional IRS satellites, IRS-IA, IRS-IB 
and IRS-1C were launched by erstwhile 
USSR/Russian launch vehicles. 


IRS-ID is identical to IRS-1C except 
for some improvements. It has three 
cameras on board: 

A Panchromatic camera (PAN), 
which is a high resolution camera 
with 5.8 m resolution, operating in 
PAN chromatic band with a swath of 
70 km; it can be steered up to ±26° 
across-track, thus enabling stereo¬ 
scopic imagery and revisit capability. 
A Linear Imaging Self-scanning 
Sensor (LISS-III) operating in four 
spectral bands, three in Visible/Near 
Infrared (VNIR) range and one in 
Short Wave Infrared (SWIR). It pro¬ 
vides a ground resolution of 23.6 m 
in VNIR bands and 70.8 m in the 
SWIR band, with a swath of 142 km 
and 148 km, respectively. 

- A Wide Field Sensor (WiFS), a 
coarse resolution (189 m) camara 
covering a wide swath of 810 km. 

Note. The 10 November 1997 issue of 
Current Science will contain pictures 
beamed by IRS-ID. 

- Editors 
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Polar wander and the Cambrian biological leap 


A. V, Sankaran 

Two major episodes in the march of life 
on Earth are well debated and much 
written about - one of them pertains to 
the mass extinction during the Creta¬ 
ceous-Tertiary times (an extinction 
event, strangely, more popular than the 
one of much greater magnitude that took 
place during the Permian-Triassic 
times); and secondly, the mass evolution 
of new and complex life forms during 
the Cambrian period. For millions of 
years since life on our planet first be- 
gan^ some 4 billion years ago, their 
evolution to higher forms was very 
slow. Almost towards the end of Pre- 
cambrian, when ninety per cent of geo¬ 
logic time was over, metazoans or the 
multicellular life forms began evolving 


around 600 m.y. ago. This period was 
well marked by the enigmatic Ediacaran 
fauna, that had set the scientists discuss¬ 
ing, for a long time, their precise age^’^ 
and also whether they were plants or 
animals"^’^. But, suddenly, around 
-544 m.y. ago^, during early Cambrian 
period, there was an evolutionary ex¬ 
plosion (Figure 1), referred by paleon¬ 
tologists as the Cambrian ‘Big Bang’, 
which extended up to the middle of 
Ordovician (500-430 m.y.). The new 
life forms that emerged during this pe¬ 
riod had the basic patterns or templates 
for almost all groupings of vertebrate 
and invertebrate animal kingdoms yet to 
evolve in the future eras. But Wray et 
al., of the State University of New York 


(Stony Brook), on the basis of nucleo¬ 
tide sequence studies, put the origin and 
diversification of the major phyla be¬ 
tween 1000 and 2000 m.y. They assert 
that the lack of fossil records prior to 
the big-bang period is no negative evi¬ 
dence for the diversification of animal 
species since this may be due to pre¬ 
ponderance of soft-bodied forms then 
and, perhaps, due to unsuitable fossiliz¬ 
ing conditions. However, the development 
of skeletonized taxa during subsequent 
early to mid-Cambrian times^’^, led to bet¬ 
ter fossilization, and hence, their abun¬ 
dance in the strata of the period. The 
rapid pace of evolutionary march during 
this period had caught the attention 
of paleontologists and evolutionary 
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Figure 1. Generic diversity during eariy 
Cambrian coinciding with proposed true 
poiar wander (stippled area) (after 
Kirschvink et al^). 

theorists who linked this spurt to some 
intrinsic causes, like genetic and bio¬ 
chemical changes, and a few extrinsic 
ones, such as alterations to the chemis¬ 
try of environment, climate, ocean and 
atmosphere, as well as to development 
of favourable conditions in the wake of 
mass extinction; but none of these was 
acceptable to all. ' 

According to some of the leading 
biologists - Jordic-Garcia Fernandez 
(Universitat de Barcelona, Spain), Peter 
Holland (University of Reading, UK), 
Douglas Erwin (Museum of Natural 
History, Washington D.C.) and David 
Jablonski (University of Chicago), cer¬ 
tain uncommon genetic changes, like 
gene doubling, in a set of critical genes 
called Hox clusters, in some ancestor 
that lived around 565 m.y. ago 
{Amphioxus-like animal), served to trig¬ 
ger the expansion of body plans and the 
great biological leap of the Cambrian 
period was initiated. A second such 
gene doubling, during a later era, re¬ 
sulted in another outburst of more 
complex forms of life, many of which 
are still surviving^’^^. Geerat Vermeij, 
formerly of University of California 
(Davis), linked these evolutionary 
pulses to massive volcanic episodes, 
particularly the undersea ones, around 
550 m.y. during early Palaeozoic era, 
and again, around 200 m.y. in the 
Mesozoic era^. According to him, these 
submarine volcanic events led to either 
closure or creation of ocean basins, 
destruction of land,^ and more impor¬ 
tantly, global greenhouse effects 


through release of large amounts of 
CO 2 . The warmer climate that followed, 
released through the processes of 
weathering and erosion of continents, 
plenty of raw materials for meeting the 
nutrient and energy needs for enhanced 
metabolism among the life forms, and 
thus prepared the right scenario for the 
onset of the biological revolution. How¬ 
ever, Andrew Knoll of Harvard Uni¬ 
versity (Cambridge), as well as Donald 
Canfield and Andreas Teske of the Max 
Planck Institute for Marine Microbiol¬ 
ogy (Germany), view this great biologi¬ 
cal leap forward, from a different 
perspective and feel that an increase in 
O 2 levels (by 5-18% the present levels) 
in the atmosphere during 1000-543 m.y. 
period may have sparked the latter 
revolutionThey based the oxygen- 
enrichment hypothesis on indirect evi¬ 
dences through carbon isotopes^^’^^ in 
buried organic matter (organic carbon 
burial rate increased strongly during late 
Precambrian, shielding their oxidation 
and thus increasing the O 2 levels) and 
sulphur isotopes in biogenic sedimen¬ 
tary sulphides. The increase in O 2 was 
possibly instrumental in the manufac¬ 
ture of collagen (protein connective 
tissue), cartilage and finally, bone, all 
crucial for the build of advanced body 
framework of the larger-sized animals 
that started appearing. 

A geophysical approach to the Cam¬ 
brian revolution has been put forward 
recently by researchers at the California 
Institute of Technology^^ who say that 
this ‘big bang’ was associated with ‘true 
polar wander’ during the Precambrian 
times resulting in a 90° change in the 
direction of Earth’s spin axis, relative to 
the continents. They speculate that this 
was the outcome of a major reorganiza¬ 
tion among the tectonic plates existing 
at that time, and consequent imbalance 
of the mass distribution within the 
planet. On a spinning planet, the move¬ 
ment of such positive mass anomalies 
towards equator, is in conformity with 
the laws of physics, and this is well 
illustrated by Tharsis volcanic province 
on Mars, which from its original loca¬ 
tion elsewhere, had moved to the 
planet’s equator; similarly, they cite 
the largest mass anomaly on Earth, 
centered over New Guinea presently 
right on the equator, and the current 
movements of some of the tectonic 
plates also‘^. Thus, according to the 


Caltech group, regions that were previ¬ 
ously N and S poles got relocated to the 
equator and the tropical weather of 
these latitudes, in combination with 
other favourable factors, led to evolu¬ 
tionary bursts (Figure 1). 

The link between mass imbalance and 
‘polar wander’ leading to reorientation 
of Earth’s spin axis (poles) has been 
under study by geophysicists for several 
decades^^’^^. The shifts of poles due to 
‘movement of Earth with respect to its 
axis of rotation on long time scales (10^ 
to 10‘^ years) is called polar wander’ in 
contrast to ‘shorter term periodic or 
transient fluctuations which are called 
wobble’‘Episodes of rifting, conti¬ 
nental drift and subduction’, according 
to Don L. Anderson, the eminent geo¬ 
physicist, ‘follow periods of rapid polar 
wandering, which follow periods of 
continental stagnation.’^'’ This subject 
of polar wander had gained considerable 
impetus after the development of 
palaeomagnetic studies during the sev¬ 
enties; the latter enable the geologist to 
infer the ancient or palaeo-orientation of 
the continents and their movements 
during those geologic times by plotting 
the direction of magnetic N-S poles 
(magnetic polarity-pattern) preserved in 
the magmatogenic iron-bearing minerals 
in the rocks formed during that period 
(these align themselves in the north- 
south directions prevailing at the time 
of their crystallization). The mass im¬ 
balance can also come about as a result 
of advance or retreat of glacierslarge 
magnitude earthquakes^^, density het¬ 
erogeneity in the mantle caused by sub¬ 
ducting plates of crustal segments and 
chemical stratification in the mantle due 
to layers of refractory residues, settled 
cumulates and residual fluids 
The resulting variations in mass distri¬ 
bution induce polar wander ' during 
which Earth stabilizes itself over a pe¬ 
riod of time. Though this shift in the 
axis of rotation is usually slow, rapid 
and large amplitude: wander by about 
90° can also be expected^^’^^. 

According to the Caltech group, true 
polar wander forces Earth to equalize 
mass distribution in comparatively rapid 
time scales by collective movement of 
entire solid part of planet, avoiding the 
internal shearing effects that impose a 
speed limit on conventional plate mo¬ 
tions. The rapid movements of conti¬ 
nents are due to ‘interchange event in 
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Figure 2. View (from South pole) of 
Earth (a) before and {b) after the 
proposed global tilt (after Kirschvink 
et 

Earth’s moment of inertia tensor’, and 
both the mantle along with the overlying 
lithosphere move together, quite unlike 
plate tectonic motions involving the 
latter only. In the process of tilt, the 
entire Earth retains the original spin 
axis in relation to the plane of solar 
system. They say that such reorganiza¬ 
tion can result in large polar wander, 
particularly on a planet like Earth, with 
a major and stable mass anomaly on the 
equator and a more equal distribution of 
mass elsewhere; only slight changes of 
the smaller masses would be sufficient 
to bring about large motions. A shift, 
even up to 90° can be envisaged, and an 
inertial interchange becomes inevitable, 
if as a result of such changes, the maxi¬ 
mum moment of inertia (about which 
the planet spins) became less than the 
intermediate moment of inertia (which 
is on the equator) 

638 


As per geological evidence the Cal¬ 
tech group had gathered, the breakup of 
the megacontinent Rodinia and forma¬ 
tion of the Gondwanaland took place 
almost simultaneously. Stratigraphic 
records of the period indicate closure of 
some of erstwhile oceans^"^ and this is 
exemplified in the occurrence of 
ophiolites (volcanic rocks), which once 
formed ocean floors. These are now 
found exposed well inside continents 
such as Australia and Antarctica which 
were once part of the early (pre- 
Gondwana) mega-continent Rodinia. 
U-Pb isotopic ages“’^ along with 
palaeomagnetic data of rocks from a 
number of continents now exposing the 
Precambrian-Cambrian and Cambrian- 
Ordovician boundaries, chiefly from 
Australia, besides other constituents of 
Gondwanaland like India, Africa, Ant¬ 
arctica as well as from Laurentia, the 
present day North America and Green¬ 
land have also indicated shifting of 
continents rapidly (> 30 cm/year), at 
rates .far exceeding the normal plate 
tectonic motions 

The Kirschvink group says that over 
the 15 million years, the polar wander 
event took, rapid climatic changes must 
have taken place, with the lands enjoy¬ 
ing cold climate moving into the tropi¬ 
cal zones, accompanied by swings in 
oceanic circulation, disrupting regional 
ecosystems and breaking them down 
into smaller and more isolated com¬ 
munities. According to evolution- 
experts, such small communities consti¬ 
tute the ideal size for evolutionary 
breakthroughs. It is now known, on the 
basis of carbon cycles^^, that these ma¬ 
jor changes in oceanic circulation hap¬ 
pened during early Cambrian, almost 
every million years, a time interval suf¬ 
ficient for natural selection to operate 
constructively. These cyclic episodes 
must have led to the diversification of 
species and evolution was supposed to 
have proceeded some twenty times 
faster than the normal rate. 

The Caltech group’s work, stretching 
over two decades, was based on 
palaeomagnetic studies using ultra¬ 
sensitive superconducting magneto¬ 
meters and cover geological sections of 
Precambrian to Ordovician periods. 
Their inferences about the motions also 
agree with the types of marine sedi¬ 
ments typical of the climatic zones they 
sojourned-carbonates in the tropics, 


clays and elastics in the high latitudes. 
Australia, according to their studies, 
provides the best-preserved sediments 
of this age from all Gondwanaland. 
They have indicated that this entire 
continent rotated counterclockwise by 
nearly 90°, starting at about 534 m.y. 
ago and ending during mid-Cambrian. 
Likewise, North America moved rapidly 
from its Precambrian position in the 
Southern Hemisphere to near about 
equator at about 518 m.y ago (Figure 2). 
Africa, Antarctica, Australia, India and 
South America (Gondwanaland) moved 
rapidly across the Southern Hemisphere, 
Though minor polar wanders have been 
noted in recent geologic times, shifts 
that took place during the Cambrian 
times appear to be quite unique in 
Earth’s history. In fact, their data imply 
that at least half of Earth’s continental 
lithosphere rotated, rather abruptly, by 
nearly 90° between 534 and 505 m.y. 
ago^^ 

The views of the Caltech group have, 
however, not convinced certain geolo¬ 
gists who feel that a major inference has 
been drawn on a small set of data that 
can also be interpreted in other ways, 
for example, the continental migration 
can be stretched over a much longer 
period. The critics feel that the changes 
attributed to polar wander are yet to be 
proved and that they may, at best, be 
considered as a plausible hypothesis 
only. As for their connection to biologi¬ 
cal outburst during the period, some of 
the evolutionary experts differ and point 
out that the initiation for the evolution¬ 
ary activities had begun much earlier, 
towards the close of Precambrian^, and 
that the Cambrian polar wander merely 
aided this ongoing evolutionary bout. 
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A statistically valid definition of bias is needed to determine 
whether the Science Citation Index® discriminates against 
third world journals 


Eugene Garfield 

From the inception of the Science Cita¬ 
tion Index® in the sixties, the question 
of journal coverage has been widely, 
and often emotionally, discussed. 
Imagine the hubris of my suggesting in 
1964, that ‘only’ a few hundred core 
journals would satisfy the needs of most 
readers. Since then, I have regularly 
published data demonstrating this con¬ 
centration effect^ These periodic re¬ 
ports illustrate tke well-known Law of 
Scattering^ and the less known Law of 
Concentration, which I first discussed in 
1971 (ref. 3). 

Samuel Bradford’s Law of Scattering 
was first developed to explain the dis¬ 
persion of journal articles within spe¬ 
cific fields. Later, I discovered this was 
true for science journals as a whole. In 
other fields of human endeavour, the.se 
phenomena are sometimes referred to as 
the 80/20 rule, Zipf s Law, Pareto ef¬ 
fect, etc. Derek J. deSolla Price was 
well aware of these distributions which 


have been studied by B. C. Brookes'^ 
and many other bibliometricians^. 


Figure 1, reprinted from The Scientist 
article cited above, is important to the 
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Box. Clarifications and errata 

(Reproduced from Letters to the Editor Section, Scientific American, October 1995, p. 10,) 

The articie ‘Lost Science in the Third World’ {Scientific American, August) reported several assertions made dur¬ 
ing interviews and iater confirmed by Luis Benitez-Briblesca, editor in chief of the journal Archives of Medical Re¬ 
search, regarding the Science Citation Index, a database produced by the institute for Scientific information (ISi). 
According to the ISi, it has never required that any journal, person or institution purchase an ISI product to qualify 
for inclusion In its indexes. 

Furthermore, the ISI notes that it has never made a decision about indexing a journal until after at least three 
Issues have appeared. No statement in the article is meant to imply that the extent to which a journal’s articles 
are cited Is the sole criterion for inclusion in an /S/ product. Also, the $10,000 subscription price mentioned for 
the index is the approximate current price, not the price during the 1970s. The editors regret any misunderstand¬ 
ing resulting from ambiguities or misstatements in the article. 


following discussion of alleged bias in 
IS! or other databases. All such discus¬ 
sions are essentially concerned with the 
tail of a long hyperbolic curve. Once the 
core journals are selected, the remainder 
of one’s effort is spent selecting from 
thousands of relatively small and low- 
impact journals published, both in the 
advanced as well as in the developing 
countries. 

Allegations of bias in 75/journal cov¬ 
erage are not new but an August 1995 
article in Scientific American^ (pp. 92- 
99) precipitated the discussion once 
again. The article raised some important 
questions about the treatment of Third 
World material in the West, but at the 
same time made unsubstantiated state¬ 
ments about ISPs selection policies. 

A ‘clarification’ published in the 
October 1995 issue^ is reprinted in the 
Box. The editor of the journal involved 
also wrote to me apologizing and ex¬ 
plaining the source of the error. 
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After the original Scientific American 
article appeared, I drafted a letter com¬ 
menting upon the main thrust of the 
article. However, when the apology was 


published, I decided to withhold the 
letter. Then, due to a recent discussion 
with Subbiah Arunachalam, I decided to 
submit the letter to Scientific American 
which has declined to publish it, since 
two years have passed. I can understand 
that viewpoint since Scientific American 
is a popular magazine and most readers 
will have forgotten the original article. 
However, the editors of Current Science 
asked me to publish the information for 
the benefit of Third World readers, in 
particular. What follows is the text of 
the letter originally addressed to the 
editor of Scientific American. The refer¬ 
ences in that letter are listed separately 
from those cited above. 

‘I was glad to see your clarification 
note {Sci, Am., October 1995, p. 10) for 
the article by W. W. Gibbs, Sci. Am. 
(August 1995, pp. 92-99). His article 
gave the impression that indexing serv¬ 
ices discriminate against Third World 
journals. And he used extensive Science 
Citation Index® data to support this 
a priori position. 

As the former Chairman and founder 
of the Institute for Scientific Informa¬ 
tion, I have devoted 40 years to espous¬ 
ing the cause of scientists in the Third 
World. The suggestion that the Science 
Citation Index is the reason for the fail¬ 
ure of any journal, institution, or indi¬ 
vidual to achieve international peer 
acceptance is unwarranted. Undoubt¬ 
edly, coverage of any journal in Current 
Contents® or SCI® helps to make a jour¬ 
nal’s articles better known, but that by 
itself is not sufficient to induce citation 
by other scientists. A variety of factors 
account for citation not the least of 
which is quality, timing, and/or rele¬ 
vance to the current work of other sci¬ 
entists. 


The history of science is replete with 
examples of delayed recognition\ in¬ 
cluding the classic example of Gregor 
Mendel, but none of these cases was due 
to coverage by abstracting services. The 
work of Mendel was known and first 
quoted in the Encyclopedia Britannica 
in 1880 (ref. 2) but its significance was 
not appreciated until this century. I have 
also documented the case of the Indian 
scientist Shambu Nath De^. His classic 
works on cholera were published in the 
Journal of Pathology and Bacteriology in 
the fifties. Even that did not guarantee full 
recognition in his lifetime. The fact is that 
thousands of articles published in leading 
journals are rarely cited for many reasons. 
Undoubtedly an important factor is mo¬ 
bility and frequency of contact with 
peers outside the Third World.' 

Over 30 years ago, ISI developed the 
journal impact factor as just one method 
of supplementing the subjective 
appraisal of small journals by objective 
unobtrusive means. Thousands of new 
and established journals which were not 
originally covered in Current Contents® 
or the Science Citation Index eventually 
were selected in part because their 
articles somehow attracted the attention 
of scientists publishing in /iS/-covered 
journals. Third World scientists rou¬ 
tinely send reprints to colleagues in 
other countries. And relevant or signifi¬ 
cant material will eventually be cited in 
research or review articles. 

The procedures for selecting journals 
in CC®, SCI®, and the Social Scietices 
Citation Index® are meticulous and well 
documented"^. Citation impact is but one 
of many criteria used to select journals. 
Thousands of small journals are in¬ 
cluded from countries and institutions 
around the world. 
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One of the many criteria for selection 
is the use of English which has become 
the lingua franca of science. Any jour¬ 
nal which claims international signifi¬ 
cance will at minimum include English 
titles and abstracts. 

The Gibbs article characterizes SCI 
coverage of Third World science as 
declining simply because the coverage 
of some local journals has discontinued. 
In fact, total article coverage has in¬ 
creased substantially because Third 
World scientists increasingly publish 
in the international peer reviewed jour¬ 
nals, where their work is seen and read 
by peers worldwide. We have docu¬ 
mented these trends at numerous con¬ 
ferences^. 

In 1981 SCI indexed 904 articles 
from Mexican authors. In 1994, cover¬ 
age increased to 2478 articles. However, 
the impact of Mexican research relative 
to the rest of the world has remained 
stable during this 14-year period. Its 
impact on average is 50% below the 
world average. These and other data 
demonstrate that SCFs coverage of 3300 
journals goes far beyond the needs of 
most of its subscribers. Indeed, the re¬ 
ality today, as it was 50 years ago, is 
that a small percentage of journals ac¬ 
counts for a major share of papers pub¬ 
lished and an even greater share of 
citations. 100 journals account for over 
20% of the articles published and over 
40% of the citations. 1000 journals ac¬ 
count for 70% of papers and 85% of the 
citations (see Figure 1). 

Any journal or indexing service has 
economic limitations. Even Medline, a 
government-subsidized enterprise, has 
limited resources and must limit cover¬ 
age. To an outsider, selection decisions 


may seem as arbitrary as peer review of 
research grant applications does to some 
researchers. 

The Zelinski quotation, featured in 
your article, implies that population 
should determine the number of journal 
articles to be covered by indexing serv¬ 
ices. On that basis, journals published 
in China, India, and Russia would re¬ 
ceive the highest priority regardless 
of the quality or relevance of the mate¬ 
rial. 

SCI is an index which already in¬ 
cludes 650,000 source articles per year 
and over 15,000,000 cited references 
appearing in 3300 journals. 

Many Third World countries suffer by 
publishing dozens of marginal journals 
whose reason for being is questionable. 
I have urged them to combine the best 
material into larger regional journals to 
achieve a critical mass. In addition, 
their local funding sources need to 
adopt stringent criteria for publication 
including international peer review. The 
precedents for this are to be seen in the 
numerous European journals which have 
made many national journals essentially 
obsolete. Nevertheless, many local jour¬ 
nals published in vermacular languages 
serve a useful purpose for reviewing the 
clinical and applied literature to the 
benefit of local physicians and industry. 
These serve a purpose similar to thou¬ 
sands of American trade or state medical 
journals which have little impact on 
research but they too are not covered in 

scf'. 
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Conclusion 

In correspondence with numerous 
scholars, I have indicated that there has 
never been an objective definition of 
‘bias’ or discrimination with respect to 
secondary databases. The difficulty can 
be characterized as a chicken and egg 
situation. If all the world’s journals 
were included in the ISI citation in¬ 
dexes, then we could more easily decide 
which should be given the highest 
priority of coverage. Since this is not 
possible, considering the economic 
limitations, my recommended solution 
is that scientists in each country or re¬ 
gion should gather whatever data is 
needed to evaluate their journals and 
give ISI and other database publishers 
prioritized lists of journals they would 
recommend. Local citation indexes can 
be compiled if necessary to facilitate 
such evaluations. 
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SCIENTIFIC CORRESPONDENCE 

Flowering in Bambusa vulgaris var. vittata 


The peculiar behaviour of many woody 
bamboos, of flowering (and seeding) 
only at very long intervals, followed by 
the death of the flowered clumps^ has 
intrigued mankind for long^, and still 
remains a mystery^. 


The information available on this in¬ 
teresting natural phenomenon is 
somewhat confusing because of diffi¬ 
culties in the correct identification of 
the species and varieties of bamboos, 
and the many synonyms in vogue. Like 


many other aspects of bamboo biology, 
bamboo taxonomy also suffers from 
their peculiar flowering behaviour, 
because of the non-availability of 
flowering specimens for routine identi¬ 
fications. 
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Figure 1. a, A clump of Bambusa vulgaris var. vittata, b. View of a flowering clump, c, Close-up of spikelets. 


Recently Koshy and Pushpangadan 
have reported flowering in Bambusa 
vulgaris (bamboo having green striped 
yellow culms)"^, a bamboo known to 
flower only very rarely, and widely dis¬ 
tributed in India. 

This bamboo (having green striped 
yellow culms) is commonly referred to 
as B. vulgaris^~^ (common names 
‘yellow bamboo’ and ‘tiger bamboo’). 
Strictly speaking, J5. vulgaris Schrader 
ex Wendland^ is a moderate sized and 
not densely tufted bamboo, with bright 
green, glossy, erect culms 8-20 m high, 
5-10 cm in diameter and 7-15 mm in 
culm-wall thickness. Internodes are up 
to 45 cm long. Mature culms are yel¬ 
lowish ^ Tiger bamboo forms graceful 
tufted clumps. Culms are 4-8 m in 
height, 5-8 cm in diameter, and thick- 
walled. Internodes are 10-15 cm long. 
The culms are glabrous, shining, yellow 
with light green stripes, or very rarely 
light green with yellow stripes (Figure 
1 a). This bamboo is variously referred 
to as B, vulgaris var. vittata (A & C 
Riviere); as B. vulgaris var. striata 
(Gamble, Camus and Holttum); and as a 
separate species Bambusa striata, dis¬ 
tinct from B. vulgaris^. Hence B. vul¬ 
garis var. vittata, B. vulgaris var. 
striata, and B. striata are synonyms of 
tiger bamboo which is distinct from 5. 
vulgaris. All these names including B. 
vulgaris are interchangeably used to 
refer to this bamboo. Now it is also 


referred to as Bambusa vulgaris 
‘Vittata’, a colour variant of Bambusa 
vulgaris, which has been selectively 
propagated^. Reversion to the ‘whole- 
green’ state is reported to be possible^. 
It may have to be noted that this bam¬ 
boo is distinct from B. vulgaris not only 
in colour, but also in size (much 
smaller). We refer to this as B. vulgaris 
var. vittata {vittata in Latin means 
longitudinally striped), after A & C 
Riviere^. 

Brandis^^ classified bamboos into 
three categories on the basis of their 
flowering behaviour: (i) those flowering 
annually or nearly so, (ii) those flower¬ 
ing periodically, and (iii) those flower¬ 
ing irregularly. According to Blatter^* 
these three categories are fairly com¬ 
plete, and species which do not fit under 
the first two categories fall under the 
third category. Though it is believed 
that this species has a flowering cycle 
(intermast period) of 80 ± 8 years^^, as 
it does not produce seeds, it may have 
to be considered as not having an inter¬ 
mast period (flowering cycle). A flower¬ 
ing cycle or an intermast period is the 
time-lapse between two successive gen¬ 
erations, and it is calculated from seed¬ 
ling to seed. We feel that B. vulgaris var. 
vittata (and B. vulgaris) may have to be 
considered as belonging to the third cate¬ 
gory of irregularly-flowering bamboos. 

Absence of seed-set in a mast seeding 
bamboo can result in the extinction of 


the species when it flowers gregari¬ 
ously. But in B. vulgaris var. vittata 
(and also in B. vulgaris) since in each 
occurrence of flowering only few 
clumps are involved^’^^*’^ the possibil¬ 
ity of extinction may have to be consid¬ 
ered as not imminent. In most bamboos 
when a mother clump flowers, all its 
(vegetatively propagated) daughter 
clumps also flower. Because B. vulgaris 
var. vittata does not set seed, the natural 
population may have developed by 
vegetative propagation. Still the flower¬ 
ing of only few clumps at very long 
intervals shows a marked difference 
from the flowering of many other bam¬ 
boos. 

Some plantlets (raised from culm cut¬ 
tings) of this bamboo {B. vulgaris var. 
vittata), bought in January 1997 from a 
private nursery in Pune, were found to 
be in flowering (Figure 1 b, c). On in¬ 
quiry it was learnt that the mother 
clumps were also in flowering. Alto¬ 
gether there were three clumps, one big 
and two smaller (possibly vegetatively 
propagated from the former), growing in 
close proximity. 

We collected large quantities of ma¬ 
ture, dried-up spikelets, and physically 
checked for any seed formation. There 
were no seeds. We also made similar 
observations as Koshy and Pushpan- 
gadan^^; absence of seed-set in nature as 
well as failure to form seeds on artificial 
pollination. We suspect that the failure 
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of the lemma and palea to open up may 
be due to the malfunctioning of the 
lodicules, which bring about this proc¬ 
ess in grass floretsMoreover, we no¬ 
ticed that when the climatic conditions 
were favourable, honey bees visited the 
florets and collected pollen, at the time 
of anthesis (anther dehiscence and pol¬ 
len release). 

By acetocarmine staining the pollen 
grains looked fertile. However, when in 
vitro pollen germination was attempted 
using a wide range of sugars, the pollen 
did not germinate. Earlier, pollen of two 
other species of bamboos {Bambusa 
arundinacea and Dendrocalamus stric- 
tus) readily germinated in modifications 
of Brewbaker and Kwak’s^^ medium 
containing 1% sucrose and 1% glucose 
respect!vely^^“^^^. This indicates non¬ 
viability of pollen in this bamboo. Non¬ 
viability of pollen may also be one of 
the reasons for the absence of seed-set 
as suggested by Koshy and Pushpan- 
gadan"^. We also conducted some pre¬ 
liminary experiments on anther culture. 
Though the anthers did not respond, 
some ovules developed. This again indi¬ 
rectly points towards non-viability of 
pollen grains. Reason/s for the non¬ 
viability of pollen may throw some light 
on the evolution of this bamboo. 


Interestingly there is one more report 
of flowering in two clumps of 'Bambusa 
vulgaris' from Kona side of the Big 
Island of Hawaii^°. 


1. McClure, F. A., The Bamboos - A Fresh 
Perspective, Harvard University Press, 
Cambridge, 1966. 

2. Janzen, D. H., Annu. Rev, EcoL Syst. 
1976, 7, 347-391. 

3. John, C. K., Nadgauda, R. S. and 
Mascarenhas, A. F., Curr. Sci., 1995, 
68, 885-896. 

4. Koshy, K. C. and Pushpangadan, P., 
Curr, Sci„ 1997, 72, 622-624. 

5. Schrader ex Wendland, Collect, PL, 
1810, p. 26, pi. 27. 

6. Bennett, S. R. R. and Gaur, R. C., 
Thirty-six Bamboos Cultivated in India, 
Forest Research Institute of India, Dehra 
Dun, 1990. 

7. Chua, K. S., Soong, B. C. and Tan, 
H. T. W., The Bamboos of Singapore, 
International Plant Genetic Resources 
Institute (IPGRI) and International Net¬ 
work for Bamboo and Rattan Research 
(INBAR), Singapore, 1996. 

8. Wong, K. M., The Bamboos of Peninsu¬ 
lar Malaysia, Malayan Forest Records, 
No. 41, Malayan Forest Research Insti¬ 
tute, Malaysia, 1995. 

9. Riviere, A. & C., Les Bambous, 1877, p. 
91. 

10. Brandis, D., Indian For,, 1899, 25, 
1-25. 


11. Blatter, E., J. Bombay Nat, Hist. Soc., 
1931, 34, 135-141. 

12. Banik, R. L., in Bamboo and Rattan 
Genetic Resources and Use (eds Rao, 
V. R. and Rao, A. N.), International 
Plant Genetic Resources Institute, Italy, 
1995, pp. 1-22. 

13. Banik, R. L., Bano Biggyan Patrika, 
1979, 8, 90-91. 

14. Hildebrand, F. H., Indonesia Forest 
Res, Inst. Rep., 1954, 66, 82. 

15. Lawrence, G. H. M., Taxonomy of Vascu¬ 
lar Plants, Macmillan, New York, 1955. 

16. Brewbaker, J. L. and Kwak, B. H., 

Am. J. Bot., 1963, pp. 859-865. 

17. Nadgauda, R. S., John, C. K. and 

Mascarenhas, A. F., Tree Physiol., 
1993, 13, 401-408. 

18. John, C. K., Nadgauda, R. S. and 

Mascarenhas, A. F., /. Cytol. Genet., 
1995,30, 101-107. 

19. John, C. K., Nadgauda, R. S. and 

Mascarenhas, A. F., in Proceedings of 
the Fifth All India Conference of the 
Society of Cytologists and Geneticists 
India, Kurukshetra University, Kuruk- 
shetra, India, September 1994. 

20. Anonymous, INBAR NewsL, 1996, 4, 18. 


C. K. John 
Rajani S. Nadgauda 

Tissue Culture Pilot Plant Division, 
National Chemical Laboratory, 

Pune 411 008, India 


Risk potential of a biocontrol agent unmasked 


Recent awareness on the ill-effects of 
indiscriminate use of synthetic fungi¬ 
cides has resulted in the search for al¬ 
ternate eco-friendly methods of plant 
disease control. One option actively 
being adopted is biological control with 
antagonistic organisms. Sclerotium 
rolfsii, a devastating polyphagus soil- 
borne plant pathogen, is effectively 
managed through a number of biocon¬ 
trol agents such as some fungi and bac¬ 
teria. Bacillus subtilis produces a host 
of antibiotics which effectively control 
S. rolfsii. Much emphasis is given on 
the use of this bacterium due to its su¬ 
perb survival competence over a wide 
range of conditions through the forma¬ 
tion of resistant endospores^ However, 
our observations show that despite ef¬ 
fective control of the vegetative growth 


of S. rolfsii, B. subtilis induced sexual 
reproduction in this fungus, a hitherto 
unreported phenomenon with varying 
implications. 

In our routine tests of the antagonistic 
potential of a number of bacteria against 
S. rolfsii on potato dextrose agar 
(peeled potato 250 g; dextrose 20 g; 
distilled water 1000 ml) medium at 
25 ± 2°C, an isolate of B. subtilis 
showed promising antagonistic activity 
on the mycelial growth of the pathogen 
and checked sclerotium formation 
(Figure 1 a). However, on prolonged 
incubation (10-12 days), hyphal growth 
characteristically different from the 
normal fluffy growth was observed 
which varied in dimension and branch¬ 
ing habit (Figure 1 arrow) and eventu¬ 
ally thin hyphae grew further bearing 


hymenia with fertile basidia, each with 
four sterigmata and basidiospores 
(Figure 1 b). Further study revealed that 
the presence of sugar is an essential 
requirement for the antagonism and 
induction of sexual reproduction by B. 
subtilis. Depletion of dextrose in the 
medium inhibited antagonistic activity 
and sexual stage formation. However, 
this effect was reverted following addi¬ 
tion of 5 g dextrose (optimum being 20 
g per 1) in the medium. The frequency 
of sexual state formation in S. rolfsii by 
B. subtilis was 20-30%. 

Our observation of this phenomenon 
has the following implications: (i) The 
native population of B. subtilis in the 
soil may have a direct role on the ge¬ 
netic recombination of S. rolfsii through 
the induction of sexual reproduction. 
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Figure 1. a, Abundant hymenium formation around Bacillus siibtilis colony, h, Hymenium with basidia, each bearing four 
basidiospores. (Bar = 10 jim) 


This is in addition to the role of Cype- 
ms rotundus reported earlier^, (ii) The 
metabolites of B. subtilis, although ef¬ 
fective against vegetative growth of S. 
rolfsii, do not have any effect on its 
sexual stage, (iii) More importantly, this 
observation questions the wisdom of the 
use of such biocontrol agents for plant 
disease control as it may lead to the 
creation of a wide genetic variability in 
pathogens with unpredictable results as 
seen in the case of Phytophthora in- 
festans where oospores were induced by 
Trichoderma viride, a potential biocon¬ 


trol agent^. The two types of hyphae, 
one responsible for sexual reproduction 
and the other for vegetative growth in S, 
rolfsii following treatment with B. siib¬ 
tilis, are being reported for the first 
time. B. subtilis may help in elucidating 
reasons(s) for cellular differentiation in 
S. rolfsii. This is the first report of such 
an interaction between a fungus and a 
bacterium. 
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Chemical ecology of certain tropical fruit pulp 


It is well known that the fruit pulps of 
many tree species contain inhibi¬ 
tors/stimulators of germination^ This 
makes sense in the ecological perspec¬ 
tive, for, such inhibitors would not only 
prevent premature germination of seeds 
in the fruit still on the tree but also of 
those dropped from the tree and lying 
below. Delayed germination should be 
in the interest of the tree because 
zoochoric agents (birds, mammals, etc.) 
can remove the inhibitors through their 
alimentary canal while dispersing seeds 
to distant points^. It is therefore ex¬ 
pected that natural selection should 
favour metabolism of germination in¬ 
hibitory substances and of nutrients for 
zoochoric agents. It is thus of interest to 
study the germination-inhibitors of 
relatively little known tropical species. 


Our investigations have revealed not 
only the inhibitors but also, unexpect¬ 
edly, stimulators in the pulp. These 
substances seem to occur even when, 
theoretically, their presence is not nec¬ 
essary. 

Bird dispersal of Ficus bengalensis 
seeds has been reported^ After estab¬ 
lishing that germination of F. benga¬ 
lensis seeds is absolutely inhibited in 
presence of the pulp, aqueous extract of 
the latter was also found to be strongly 
inhibitory (Brahmachary and Midya, 
unpublished). Preliminary experiments 
suggested that such an extract also 
strongly inhibits monocots (standard 
rice grains). 

To understand the inhibitory action, 
10 g of pulp was macerated in 10 ml 
water, centrifuged, filtered and recentri¬ 


fuged and the supernatant solution 
(stock 1) was taken. 40 standard rice 
grains (with practically cent per cent 
germination) were used in each assay 
set. Stock 1 exerted 100% inhibitory 
effect while dilutions (2, 4, 8 and 16 
times) caused lesser and lesser inhibi¬ 
tion. 

Through paper chromatography it was 
found that the aqueous extract contained 
inhibitory substances in the form of 
phenolics as well as unknown stimula¬ 
tors (Brahmachary, unpublished). 

One of the ecological scaffoldings in 
Namibia is the Kameeldoring or Camel 
thorn, Acacia erioloba. The large heavy 
pods drop under the tree and seed dis¬ 
persal is possible only through 
zoochoric agents: wild animals such as 
the elephant, kudu (antelope) and 
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Table 1. Effect of Acacia erioloba pulp extract on germination and seedling growth of rice 


No. of 
observation 


Shoot length 



Root length 


Percentage inhibition 

M 

SD 

SE 

M 

SD 

SE 

in SL 

in RL 

1 

7.4 

1.71 

0.31 

12.1 

3.73 

0.68 

48.0 

69.2 

2 

7.4 

1.86 

0.34 

9.0 

3.88 

0.70 

54.1 

75.8 

3 

7.2 

1.33 

0.26 

11.7 

3.29 

0.68 

46.2 

70.0 


M, mean; SD, standard deviation; SE, standard error; SL, shoot length; RL, root length. 


Strip 
stained 
with AgND 3 

Corresponding strip for bioassay. 

Shoot length Section Root length 

(SL) numbers (RL) 

_ r 


-^ - —— -- 

+ 17,34% - 12.03% 

a 

- 58.53% - 33.33% 

O 

+93.41% ® +34.24% 

- 63.41% - 22.67% 

+ 39.41% 6 + 6.31% 

+ 89.26% S + 42.30% 


- 64.91% ^ - 42.45% 

c~r3 

+ 82*29% S + 3l*6l^ 

SZ _ 

+ 58.53% 2 - 5.95% 

+ 33.02% ^ + 0.73% 

. .... . _ SJ. 

7 ,-----^ 


Figure 1. Inhibitory and stimulatory influences of the different sections of the chromatogram 
developed with 0.5 ml of Acacia erioloba pulp exptract. Solvet-■ butanohacetic 
acid:water::4:l:2.2, widths of sections 2, 3, 5, 7, 8, 9 is 2 cm; 1, 6, 10 is 1.5 cm and 4 is 
1.1 cm (Mean of 25 seeds recorded in mm.) 


domestic animals like cattle and horse. 
The pods dropped in the Namibian 
summer have to perforce lie dormant 
throughout the dry winter till the rains 
arrive. Apparently during this long pe¬ 
riod, zoochory is likely to be executed 
and for lack of water no premature 
germination is possible at all. It is 
therefore unnecessary for the tree to 
metabolize inhibitors in the pulp. 

For the preparation of pulp extract, 

5 g of pulp of A. erioloba was macer¬ 
ated in 60 ml water and centrifuged and 
35 ml supernatant used. Isolation and 
detection of the putative active com¬ 
pounds in the fruit pulp extract were 
attempted with the help of paper chro¬ 
matography (Whatman no. 3). For phe¬ 
nolic compounds, the solvent was n- 
butanoliacetic acid:water::4:1:2.2. Sil¬ 
ver nitrate reagent was used for staining 
phenolics"^. 

For bioassay, 50 rice seeds (var. lET 
1444), after sterilization in 0.1% mer¬ 
curic chloride were used for each set. 
Control was maintained by treating with 
equal volume (10 ml) of distilled water. 
After 3 days, shoot and root length in 
the control and treated set were meas¬ 
ured. 

Bioassay was attempted after prepa¬ 
rative chromatography (using solvent 
system n-butanol: acetic acid:water:: 
4:1:2.2) with 0.5 ml pulp extract. One 
vertical section of the chromatogram 
was stained with AgNOs reagent"^, the 
remaining larger unstained portion was 
divided into 10 unequal sections de¬ 
pending on the location of spots. Height 
of the chromatogram was 17.7 cm. Sec¬ 
tions 2, 3, 5, 7, 8, 9 were 2 cm; sections 
1, 6, 10 were 1.5 cm and section 4 was 
1.1 cm. 25 rice seeds were placed on 
each section and the corresponding 
control (same sized pieces cut out of a 
paper after blank run in identical condi¬ 
tions). Three such experiments were 
performed. Shoot and root length were 
measured after 3 days. Six spots were 
visible after staining with AgN 03 rea¬ 
gent. 

Two sets of measurements were per¬ 
formed, the treated set with aqueous 
pulp extract of A. erioloba and the con¬ 
trol with distilled water. Shoot and root 
length in the two sets were measured 
after 3 days. Table 1 shows inhibition in 
shoot and root length in a treated set. 

Bioassay on the different sections of 
preparative chromatogram shows inbi- 
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tion of both shoot and root length at 
sections 4, 7 and 9 (Figure 1). Stimula¬ 
tion of shoot length was observed in 
sections 1-3, 5, 6 and 8. The effect on 
root length is less but still not negligible 
(sections 3, 5, 8). Three phenolic spots 
were observed in sections 8, 9, one in 
section 5 and two in section 3. 

Inhibition in shoot and root length 
caused by A, erioloba pulp extract is not 
100% at the dilution used (higher cone, 
is not feasible because of the nature of 
the pulp) but is nevertheless consider¬ 
able. It is approx. 46-54% (shoot 
length) and 69-75% (root length). 

Three inhibitors and three stimulators 
are present in the pulp extract of A, 
erioloba. Incidentally, all three stimula¬ 
tors are clear because they are separated 
by inhibitors. 

Six phenolic spots have been found, 
of which two (in sections 5 and 9) co¬ 
incide with a stimulator and an inhibitor 
respectively. Nevertheless, the possibil¬ 
ity remains that the stimulatory and 
inhibitory agents are unknown sub¬ 
stances coinciding with these phenolics. 
Further characterization of these phe¬ 
nolics might shed more light on this 
problem. The stimulator ranging from 1 
to 3 is maximal at section 3, it is also 
considerable at section 2 but there is no 


phenolic spot trailing up to section 2. It 
is, therefore, more likely that this 
stimulator is not either of the two phe¬ 
nolics revealed in section 3. 

Inhibitors in the fruit pulp prevent 
premature germination and as such may 
have been selected for, because it is to 
the interest of both the mother plant and 
seeds. Parent-offspring conflict in 
plants is an important subject that has 
drawn considerable attention^ and it is 
even possible that pulp inhibitor or seed 
dormancy reduces such conflict. 

Again, mangrove fruit pulp should 
contain no inhibitors because the seed 
germinates in the fruit while attached to 
the tree; it is even likely that there may 
be stimulators. But it has been found 
that here, too, there are inhibitors, 
though, apparently, the mangrove seed¬ 
ling can overcome the effect of these^ 
and slight stimulators of rice grains. 

The above results show that inhibitors 
are present even in those fruit pulp 
where there is no such theoretical ne¬ 
cessity. Furthermore, there are more 
than one inhibitor and stimulator, the 
synergistic effect of which is inhibition. 
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Why do plants possess laxatives? 


The functional significance of fruit pulp 
in plants could extend beyond merely 
offering nutrient rewards for their dis¬ 
persers. Murray et al} showed that fruit 
pulp of Witheringa solanacea increases 
the passage of seeds through the gut of 
the avian disperser Myadestes 
melanops. They found that seeds encap¬ 
sulated in the agar blocks treated with 
the pulp extract passed significantly 
faster through the gut of its disperser 
than those encapsulated in untreated 
agar. The seeds that passed rapidly 
through the gut germinated better and 
remained viable for a longer time than 
those that passed slowly. Murray et al} 
proposed that reducing the seed reten¬ 
tion time might increase the fitness of 
the plant and hence that selection might 
favour the evolution of laxative chemi¬ 
cals in the fruits so as to enhance seed 
passage rates. Thus seed retention time 
appears to be an important component 


of fitness in plants. Accordingly we 
predict that selection shall favour the 
evolution of laxative chemicals pre¬ 
dominantly in fruits and seeds (in struc¬ 
tures such as seed coat and aril) of the 
species that are especially dispersed by 
animals as opposed to those dispersed by 
wind, water or passive means; unlike ani¬ 
mal-dispersed species, wind and passively 
dispersed species do not require such 
laxatives. Here we test this prediction 
by analysing the association between the 
occurrence of laxative property in plants 
and their respective dispersal modes. 

Several traditional health care sys¬ 
tems, such as Ayurveda and Siddha, 
predominantly use plant products for 
curing human ailments. These systems 
of medicine have been very popular in 
the Indian sub-continent and even today 
enjoy a substantial patronage. We sur¬ 
veyed three compendia of these health 
systems^’*'^ for information on plant 


species and their parts exhibiting laxa¬ 
tive property. Plants listed to serve as 
purgatives were considered to possess 
laxative property and the dispersal 
modes of these species (animal or wind 
or passive) were obtained from the 
Flora of the Presidency of Madras^ and 
from our own data source^. We then 
tested for the independence of the laxa¬ 
tive property of the species with their 
dispersal mode. For this we computed 
the expected frequency of the species 
with different dispersal modes based on 
the data provided by Lokesha et al} on 
the dispersal modes of a set of 770 spe¬ 
cies of angiosperms. These frequencies 
were compared with those with the 
laxative properties. 

Nearly 60% of the 114 species with 
laxative property in their seeds and 
fruits are dispersed by animals 
(Table 1). Significantly more animal- 
dispersed species exhibited laxative 
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property than would be expected by 
chance (A^=: 114 species, 19.42, df= 1, 
/?< 0.001; Table 1). There were fewer 
wind and passively-dispersed species with 
laxative properties than expected. Thus it 
appears that plants with laxative property 
are more likely to be dispersed by animals 
than by other means. 

Fruits and seeds generally constitute a 
small proportion of the total biomass of 


Table 1. Association between modes of 
dispersal of seeds and fruits and their laxa¬ 
tive property^ 


Dispersal 

Species 

modes 

Observed 

Expected 

Animal 

68 

45 

Others* 

46 

69 


Plants listed to serve as purgatives in their 
seeds and fruits were considered to possess 
laxative property and the dispersal mode of 
these species (animal or wind or passive) 
were obtained from Gamble^ or Lokesha et 
al^. We then tested for the independence of 
the laxative property of the species with 
their dispersal mode. For this we computed 
the expected frequency of the species with 
different dispersal modes based on the data 
provided by Lokesha et al.^ on the dispersal 
modes of a set of 770 species of angio- 
sperms; these samples represent random 
collection of species from the world flora. 
These frequencies were compared with those 
with the laxative properties. //= 114 spe¬ 
cies; raw data from references 2 to 4. 
x^= 19.42, df= 1,1? <0.001. 

^includes wind and passively-dispersed 
species. 

^The list of plants and plant parts possessing 
laxative properties and their dispersal modes 
is deposited with the editorial office. Those 
interested in obtaining the list may contact 
the editorial office or the authors. 

^ 5S% Fruit & Seed 


24 % ' 

Roots/rhizome ... 



11 % Leaves. 


Figure 1. Percentage of various plant parts 
exhibiting laxative properties {N = 112 spe¬ 
cies, raw data from ref. 2). 


the plants and range from 10 to 30% in 
annuals, and much less in perennials^'^. 
Accordingly, if the laxatives are ran¬ 
domly distributed in the vegetative and 
reproductive parts of the species stud¬ 
ied, then the proportion (frequency) of 
species with the laxatives in fruits and 
seeds shall roughly.correspond to these 
proportions. Our results showed that 
fruits and seeds together constituted 
nearly 58% of the plant parts having 
laxative effects (Figure 1). Thus as pre¬ 
dicted, we found a strong association 
between the mode of dispersal and the 
laxative property of fruits and seeds and 
that seeds and fruits constitute predomi¬ 
nant source of laxative chemicals in 
plants. 

Apart from the immediate function of 
enhancing seed passage rates, laxative 
in fruits may confer certain other advan¬ 
tages as well. Putz^'’ argued that rapid 
passage of seeds would facilitate their 
deposition in a greater number of fecal 
clumps, probably leading to reduced 
post-dispersal competition. Further, 
frequent defecation also favoured a 
greater fruit consumption rate by birds, 
which may lead to greater removal of 
fruits from plants'*^ In fact Sorensen^ ^ 
found that feeding preferences of the 
European blackbirds (Turdus merula) 
were positively correlated with seed 
passage rates. 

Plant products have been extensively 
used as curatives for a wide range of 
human ailments by both traditional and 
allopathic health systems. Yet the func¬ 
tional significance of these products to 
the plants themselves largely remains 
unaddressed. While it has been sug¬ 
gested that these products may consti¬ 
tute secondary plant metabolites, with 
no apparent function in the plants^^, it is 
also conjectured that they may have 
evolved as chemical defenses against 
predation or pathogenic infection^^. Our 
study suggests that at least in some 
cases (in this study with reference to the 
laxative property), the acclaimed cura¬ 
tive property of plants is an adaptive 
consequence to enhance their own fit¬ 
ness. Indigenous and allopathic health 
systems have apparently taken advan¬ 
tage of such selection of laxative chemi¬ 
cals in the fruits and seeds of animal- 
dispersed species to their own use as 
curatives. It is likely that several other 
curative properties of plants such as 


anti-helminthic may also have an adap¬ 
tive basis. 
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Electrically conducting polymers: An emerging 
technology 

A. K. Bakhshi and Pooja Rattan 

During the last two decades, electrically conducting polymers have evinced much interest. Known 
also as synthetic metals, these polymers combine the electrical properties of metals with the ad¬ 
vantages of polymers. Some special characteristics of these polymers, strategies to design novel 
low band gap polymers, and the possible use of these exciting materials in various technological 
applications and devices in academic and industrial research laboratories are discussed here. 


Polymers are a familiar part of everyday life and, be¬ 
cause of the ability of chemists to tailor-make their 
properties, have found widespread applications. Until 
recently, these applications capitalized on advantageous 
properties such as chemical inertness, greater workabil¬ 
ity and durability. By contrast, the most valued electri¬ 
cal property of polymers was their capacity to inhibit 
conductivity, that is, act as insulators, and little work 
was done to examine and understand the fundamentals 
in order to enhance electrical conductivity in polymers. 
Beginning in the 1970s, a resurgence of effort occurred 
in the study of polymers as electronic materials. Known 
as electrically conducting polymers, they are attracting 
considerable research interest, both industrial and aca¬ 
demic; not just because of their electronic conductivity 
and its theoretical applications for charge transport 
within organic systems, but also because their structural 
features give rise to additional properties of ion trans¬ 
port, redox behaviour, electrochemical effects, photoac¬ 
tivity, catalytic properties, and electronic junction 
effects, which are added to light weight, flexibility, non- 
metallic surface properties, and other polymeric physi¬ 
cal properties. The potential for molecular engineering 
of the desired properties and the low cost of polymers 
have made them extremely attractive materials for elec- 
trically-conductive applications. 

In the mid-1970s, considerable attention was directed to¬ 
wards the study of conducting polymers following the dis¬ 
covery of Shirakawa et ^a/.Vand Ito et al?, who found that 
polyacetylene (CHX^ could be prepared as film having a 
metallic lustre. In 1977 it was discovered^ that the conduc¬ 
tivity of polyacetylene could be increased by 13 orders of 
magnitude by doping it with various donor or acceptor 
species. Polyacetylene (PA) is a simple conjugated organic 
polymer which occurs in cis and trans forms. Pure 


The authors are from the Department of Chemistry, Panjab Univer¬ 
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cis- and trans-VA have room temperature conductivity 
values of 10”^° and 10“^ (ohm cm)”^ respectively, which 
can be increased to 10^ (ohm cm)“^ when a thin film of 
cis-FA is treated with an oxidizing agent such as iodine 
solution or a reducing agent such as a solution of so¬ 
dium metal in mercury. The BASF A.G. in Germany has 
succeeded in preparing doped PA with a conductivity of 
about 147,000 (ohm cm)“\ Japanese scientists have re¬ 
ported a conductivity of 9x10^ (ohm cm)"^ for their 
samples of doped PA. 

One of the drawbacks of PA is its instability in air^ 
This spawned efforts to uncover other polymers that 
exhibit similar properties. By 1979 many novel systems 
such as poly(/?-phenyiene) (PPP), poly(p-phenylene 
vinylene) (PPY), polyprrole (PPY), polythiophene 
(PTP), polyfuran (PFU) and their derivatives were dis¬ 
covered. Structures of some of the conducting polymers 
are shown in Figure 1. None of these polymers has, 
however, reached the high conductivities of doped PA. 
It has also been found that while both, oxidation and 
reduction processes are possible for polyacetylene, and 
oxidation process is the one more easily achieved for 
heterocyclic polymers. 

Conjugated polymers can be doped to a state of high 
electrical conductivity (to make electrically conducting 
polymers, the necessary condition being of conjugation, 
i.e. the alternation of single and double bonds along 
the polymer backbone). The unique electronic proper¬ 
ties of conjugated polymers are derived from the pres¬ 
ence, of TT-electrons, the wave functions of which are 
delocalized over long portions of the polymer chain, 
when the molecular structure of the backbone is planar. 
The essential properties of the delocalized jT-electron 
system, which differentiate a typical conjugated polymer 
from a conventional polymer with a-bond are as 
follows^: 

i) The electronic band gap Eg, is relatively small (~ 1.0 
to 3.5 eV), leading to low energy electronic excita¬ 
tions and semiconductor behaviour. 
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Figure 1. Structures of some organic conjugated polymers. 

ii) The polymer molecules can be rather easily oxidized 
or reduced, usually through charge transfer with 


molecular dopant species. 

iii) Carrier mobilities are large enough for high electri¬ 
cal conductivities to be realized. 

iv) Charge-carrying species are not free electrons or 
holes as is the case with inorganic semiconductors 
but quasi-particles such as solitons, polarons and bi- 
polarons which may move relatively freely through 
the material. 


the range of 2.0-3.5 eV and are, therefore, in compari¬ 
son with inorganic semiconductors (Si, for example, 
with a band gap of l.l eV sets the standard) classified as 
wide band gap semiconductors. Conjugated polymers 
with a small band gap can offer a lot of advantages. 
They can be i) intrinsically good electrical conductors or 
semiconductors without the need of .any doping; ii) 
transparent in either the intrinsic or doped state and; iii) 
of great interest as new polymeric materials for non¬ 
linear optics (because of fewer contact problems) and 
other properties. 

To be successful in designing low band gap polymers, 
it is necessary to have a complete understanding of the 
relationship between the chemical structure of a polymer 
and its electronic and conduction properties. Once such 
information is available, the desired electronic proper¬ 
ties can be obtained by molecular design followed by 
specific synthesis. Over the years a great deal of under¬ 
standing of this relationship has been achieved with the 
help of quantum-chemical calculations of the ground 
state properties of the undoped conjugated polymers. It 
is now, for example, fairly well established that in the 
case of conjugated polymers with degenerate ground 
state (e.g. trans polyacetylene (PA)), the band gap de¬ 
creases as a function of decreasing bond-length alterna¬ 
tion along the backbone^. In polymers with 
nondegenerate ground state such as polypyrrole, poly¬ 
thiophene, etc. on the other hand, the band gap is gen¬ 
erally found to decrease with increasing quinoid 
contributions to the ground state of the polymer^. Vari¬ 
ous routes are presently followed for designing low band 
gap polymers, using the aforementioned guidelines. 
These include substitution^, ladder structures forma¬ 
tion^^, topological consideration^ \ copolymerization*^ 
and bringing together of conjugated donor and acceptor¬ 
like moieties’^ in a conjugated chain. Table 1 contains 
some of the low band gap conjugated polymers which 
have already been synthesized. 

Applications 


Through doping, the electronic and optical properties 
of conducting polymers can be controlled over the full 
range from insulator to metal. Doping can also be car¬ 
ried out by chemical means by direct exposure of the 
dopant to the polymer in the gas or solution phase or by 
electrochemical means (oxidation and reduction). Ra¬ 
diation can also induce conductivity in polymers. 

Design of novel low band gap polymers 

One of the fundamental challenges of the field of con¬ 
ducting polymers has been the design of low band gap 
polymers^. The polymers with most wide applications 
such as polypyrrole or polythiophine have band gaps in 


Stability in air and processing characteristics of electri¬ 
cally conducting polymers have been the main barriers 
to their commercialization. Doped PA, for example, is 
very reactive toward oxygen and moisture - it rapidly 
suffers irreversible loss of conductivity in the atmos¬ 
phere. Some other polymers such as polypyrrole, poly¬ 
thiophene, polyaniline, polyphenylene - vinylene exhibit 
much greater stability toward ambient conditions. While 
not as conductive as PA, they do well enough for many 
applications. The second key issue in conducting poly¬ 
mer technology is ease of processing. The first conduct¬ 
ing polymers were hard to process because of their 
insolubility and infusibility. But considerable progress 
has been made in the past few years. Several conducting 
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Table 1. Some low band gap conjugated polymers 


Name 

Structure 

Band gap (eV) 

Tratu-?A 

— 

1.5 

Polythiophene 


2.1 

Polyisothianaphthene 


l.O 

Polyisonaphthothiophene 

© 

© 

1.4 

Poly[a-(5,5'-tetrathio- 
phenediyl) benzylidene] 


0.75-1.1 

Poly(dithieno-[3,4-b:3',4'-dJ- 

thiophene 


1.0 

Poly-4H-cyc]o-penta 

dithiophene-4-one 

0 

1.2 

Polydicyanomethylene- 


0.8 

cyclopenta-dithiophene 



Polys quaraines 


0.5 

Polyazopyrrole 


l.O 


polymers can now be prepared as dispersions and ap¬ 
plied as coatings while others can be prepared from 
processible precursor polymers. Many of the polymers 
can now be blended with conventional thermoplastics 
such as polyethylene or polyvinylchloride to produce 
partially conducting materials that are readily processed. 

The most common application of conducting polymers 
is their use as electrodes in light weight and recharge¬ 
able batteries. In polymers where both p- and n-doping 
processes are feasible, the possibility exists of their use 
as both positive and negative electrodes in the same 
battery system. Such batteries are lighter in weight, have 
a longer life and are devoid of toxic materials. The in¬ 
vention of polymer batteries has been heralded as the 
invention that would make electric car a reality as the 
light weight polymer batteries would not weigh a car 
down to the extent as the heavy lead acid batteries 
would do. 

The Bridgestone Corporation of Japan have developed 
coin-type rechargeable polymer lithium batteries with a 
conducting polymer polyaniline and the high capacity 
lithium aluminium alloy as the two electrodes. The char¬ 
acteristics of these batteries are low self-discharge, high 
voltage and long-term reliability. One of the unique 
features of this rechargeable polymer lithium battery is 
that it can be used as a power source in combination 
with solar cells. This feature opens up many new pos¬ 
sibilities for application as a power source. The opera¬ 
tion of electronic clock, watches, calculators, remote 
control devices of audio-visual units, etc. stand to 
benefit from this technology. 
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Recently, batteries with a full solid state configuration 
have also been realized using the electrically conducting 
polymers. The absence of liquids or gases in the solid 
state cell leads to high durability and reliability, 
properties which may become precious when safety is 
essential. Further, the solid state batteries from the thin 
films of conducting polymers may provide plasticity, a 
feature which would be highly welcome in various ap¬ 
plications. 

The doping processes of certain conducting polymers 
are accompanied by changes in colour. This effect has 
been conveniently exploited in the realization of elec- 
trochromic display (BCD) devices. An BCD device 
changes colour on the application of an electric poten¬ 
tial. Thin films of a conducting polymer polythiophene, 
for example, are red in the doped state and deep blue in 
the undoped state. However, the fact that a material 
changes colour is not sufficient to permit its use in a 
display system, its switching time between these two 
states must be very short and it should maintain these 
properties in spite of intensive use. In the case of poly¬ 
thiophene, switching time around 30 milliseconds and a 
stability exceeding one million doping/undoping cycles 
have been measured. This value corresponds to about 2 
years of operation for a frequency of one cycle per mi¬ 
nute. Some of the applications of the BCDs include 
timetables in airports and train stations, calculators, 
computers, clocks and any other piece of equipment that 
utilizes a liquid crystal display. 

The fact that many conducting polymers are semicon¬ 
ductors in the undoped or lightly doped state has pro¬ 
moted proposals for their use in microelectronics. Both 
industrial and academic groups are pursuing their use in 
semiconductor devices and especially field effect tran¬ 
sistors (FBTs)^"^. For a FETs active layer - the semicon¬ 
ducting layer between the source and drain electrodes - 
micrometer thick films are required. Advances during 
the last few years have made it possible to prepare this 
level of thinners from polymers with standard tech¬ 
niques such as spin coating and thermal 
evaporation. The carrier mobility of the order of 
10 ' cmO^/V-s in such FETs has been achieved. This 
development shall soon open the way to uses such as 
flat-panel colour displays for computers and possibly 
flat colour televisions when tied to a liquid crystal ma¬ 
trix. 

Light emitting diodes (LEDs) have also been fabri¬ 
cated from conjugated polymers using poly (p- 
phenylene-vinylene) as the emissive layer^"^. Flexible, 
almost entirely metal-free LEDs have been developed 
and such feats have been made possible by, among other 
reasons, the advances in the chemistry of ‘processable 
conjugated polymers’ over the past several years and the 
focussed work on the physics of electroluminescence in 
these materials. These polymer-based LEDs could be 
competitive in display applications in the future because 
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of the potential ease, low cost of fabrication and large 
surface area of devices based upon processable poly¬ 
mers. 

Another useful application of conducting polymer 
films is in the field of gas separations. Selective control 
of gas permeability is facilitated by the doping, undop¬ 
ing and redoping process of emeraldine films. In the last 
few years, polyaniline has emerged as the class of con¬ 
ducting polymers with the highest potential for techno¬ 
logical applications as this material combines ease of 
processability, ease of synthesis, satisfactory environ¬ 
mental stability and chemical versatility. Polyaniline is 
found to be suitable for a number of applications in 
computer manufacturing processes. Polyaniline can play 
significant roles in the lithographic processes used to 
fabricate integrated circuits. Thin films of conducting 
polyaniline are found to be effective discharge layers for 
electron-beam lithography. Polyaniline provides attrac¬ 
tive chemical flexibility and processing options, includ¬ 
ing secondary doping. It also provides an opportunity 
for use in welding of thermoplastics and thermosets. 

Electrically conducting polymers which can be proc¬ 
essed thermoplastically and possess the advantageous 
mechanical behaviour and corrosion stability of plastics 
would open up an entirely new field of applications. 
Cables for conducting electricity, wall papers which 
allow electrical heating, optical fibres covered with 
conducting polymers for many sensors, electrostatic 
devices for ion injection in air, antenna for satellite re¬ 
ception, new materials for antistatic equipment are only 
some few fields in which electrically conducting poly¬ 
mers would find a big market. The polymerization and 
doping of conducting polymers on such fabrics as nylon, 
cotton and polyester to produce fabrics with a range of 
conductvities under the trade name Contex has been 
achieved. These materials are under intense study for 
use in future aircraft and tanks. They could also be used 
for heated clothing, shielding computers against elec¬ 
tromagnetic interference, static dissipation in high speed 
missiles and conveyor belts that handle static-sensitive 
electronic and flammable articles. Electrically conduct¬ 
ing polymers are also regarded as candidates of high 
potential for passivating layers with respect to photocor¬ 
rosion of photoelectrodes. Films of polypyrrole have 
already been tested as coatings for certain semiconduc¬ 
tor electrodes. 

Other speculative applications of these conducting 
polymers include such diverse areas as solar cells and 
drug delivery systems for the human body. Although 
conducting polymers can absorb sunlight, their conver¬ 


sion efficiencies fall far below those required for effec¬ 
tive solar cells. Their potential in drug delivery depends 
on the redox properties of a polymer implanted in the 
body. If a drug molecule, e.g. heparin penicillin, could 
function as a dopant ion, the drug would, in principle, 
be released on dedoping the polymer by application of a 
small electric potential. In practice many chemical and 
medical problems will have to be solved before experi¬ 
ments can begin in vivo. Recently biocompatible im¬ 
plants (pacemaker) using polypyrrole doped with 
heparin have also been demonstrated. Structures similar 
to muscle fibres have been proposed by researchers in 
Italy and Japan. They are based on the property that a 
conducting polymer in a fibre form undergoes dimen¬ 
sional changes as a result of electrochemical doping and 
undoping. Work results from expansion and contraction 
along the fibre’s length. A bilayer (3 x 1 cm) formed by 
an electroactive material (polypyrrole) and an adherent, 
non-conducting and flexible polymeric film works like a 
muscle. More possible applications include conductive 
paints, toners for reprographics and printing, and com¬ 
ponents for aircraft where the combination of light 
weight, mechanical strength and moderately high con¬ 
ductivity are required. 
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Does biotechnology need a new database treaty? 

Suresh Chandran 

Biotechnology now is perceived to be capable of providing solutions to many of the ills afflicting 
mankind. The number of databases in biological sciences have mushroomed. What do databases 
mean for biotechnology? 


. Modern biotechnology is perceived to be capable of 
providing solutions to many of the ills afflicting man¬ 
kind. Today, the life scientist has the tools to hunt down 
a defective gene and replace it precisely with its normal 
version, to synthesize new therapeutic molecules, to re¬ 
engineer naturally-occurring molecules for greater effi¬ 
cacy or to modulate individual immune responses to 
acceptable performance levels. Recent advances in vari¬ 
ous fields of biology such as genomics, computational 
biology, structural and molecular biology, robotics, 
systematized ethno-pharmacobotany and combinatorial 
chemistry have catalysed a geometric progression in the 
corpus of information generated. The number of data¬ 
bases (dbs) in biological sciences has mushroomed. 
Nearly 210 million basepairs of sequence data is added 
to databases annually and the size of a database content 
is doubling every fourteen months. The number of 
solved protein structures is doubling every two years^ 
As a Chief Executive Officer of a drug discovery firm 
remarked - ‘As much biological or drug discovery in¬ 
formation is now generated in 18 months as in the entire 
preceding period of world history.’^ 

What do databases mean for biotechnology? 

The evolution of virtually seamless disciplines that bor¬ 
row heavily from each other, has become the character¬ 
istic of modern biotechnology. Data generated by one 
discipline invariably has to be cross-referenced to rein¬ 
force research findings in other disciplines too. The 
need for information sharing perhaps is highest in the 
area of modern biological sciences. An example would 
illustrate the interdependency. A scientist working on plant 
products refers to bibliographic and patent dbs to search for 
information available in the literature. He would refer to 
ecological dbs to learn about the plant/source of the prod¬ 
uct. He may refer to protein dbs to look for analogous pro¬ 
teins with similar functions that would aid him in 
characterizing the compound of his interest. He would refer 
to structural dbs to guide him in determining the mo¬ 
lecular configuration of the product he isolates. He may 
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also refer to nucleic acid dbs to determine the genes 
encoding that particular product, etc. 

Molecular biology is the interaction between gene se¬ 
quences, amino acid sequences, their 3D structure and 
function. The biotechnologist can activate/inhibit a cell 
function by mimicking the 3D structure of either the 
signal molecule or the target receptor. The data avail¬ 
able in structure and sequence dbs are critical tools for 
molecular drug design. Similarly, the science of 
genomics also hinges around sequence dbs. Comparison 
of nucleotide sequences between species is always in¬ 
formational because it gives hints towards the possible 
function of proteins across species. Once a functional 
motif has been discovered, very often the same building 
blocks are found in other species as well. The study of 
genomes of lower species helps in identifying their 
equivalents in human genomes too. The list of reference 
dbs accessed often by life scientists is many. These in¬ 
clude agricultural dbs, ethnopharmacobotany, diagnos¬ 
tics, environment, food, medical, microbiological, user- 
group or professional research groups, instrumentation, 
government grants, publications and many more. How¬ 
ever, structural and sequence information are of critical 
importance to biologists. Public dbs have become the 
major medium for publishing macromolecular structural 
data, sequencing and genome mapping data. The range 
of interests within biology often precludes construction 
of a single db which can satisfy all the potential de¬ 
mands. Specific requirements have led to the develop¬ 
ment of ancillary dbs or more derived dbs from general 
dbs. Interoperability amongst dbs assumes priority in 
such a context. Biotech dbs must necessarily have fea¬ 
tures such as timeliness (data should be accessible soon 
after submission), annotations, support of primary ex¬ 
perimental data and integrability (cross-references to the 
same or related material in other dbs). 

A point that needs repeated emphasis is that any 
structural or sequence information is of value only in 
context and not in isolation. Information required by a 
researcher in modern biology is scattered amongst hun¬ 
dreds of dbs and it is pointless to confine his access to 
one or two dbs. The evolution of search engines and 
sequence alignment software that can work in multiple 
db environments of varying formats is attributable to 
this overriding concern^. Also, it is not prudent to ration 
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information access, as serendipity or research break¬ 
throughs cannot come from a quota system of informa¬ 
tion allocation. 

Indian researchers discovering any new amino acid or 
nucleic acid sequence submit it to a db before publica¬ 
tion to a journal. As researchers, we do contribute sub¬ 
stantially to many public dbs. The growing number of 
genome research group and pharmaceutical company 
partnerships approximating to the tune of over $1020 
millions'^ only underscores the importance of db- 
supported genomic research and therapeutic development. 
A number of private companies overseas have invested in 
developing their own Established Sequence Tags (EST) 
dbs. Is there a difference whether the information goes to 
a public or a private db? Three strategies of private db 
companies are in evidence: (a) Provide exclusive license 
for accessing sequence information [Human Genome Sci¬ 
ences (HGS) to SmithKline Beecham for $125 m]; (b) 
Non-exclusive license for access to their db [Incyte to 
Pfizer, Upjohn, Hoechst, Johnson & Johnson, etc. for 
over $100 m] and (c) dedication to public domain 
[Merck sponsoring Washington University, St Louis’ 
sequencing efforts]. The motive behind the last ar¬ 
rangement is unclear. Perhaps Merck gets more value- 
added information by larger participation for a fraction 
of the cost borne by Incyte or HGS. Private db compa¬ 
nies thus exploit their dbs by regulating access to them 
by contracts or trade secret agreements. 

Existing protection mechanisms for databases 

Section (3) of the Berne Convention and Article 10(2) 
of the TRIPs Agreement which reads that compilations 
of data or other material which by reason of selec¬ 
tion/arrangement of the contents constitute an intellec¬ 
tual creation, shall be protected as such, circumscribes 
dbs. It would not protect the data itself and protection 
will not be prejudicial to copyright subsisting in the data 
or material itself. The Indian Copyright Act, 1957 also 
through Sections 2 (o) and 13 (a) brings databases 
within the ambit of literary works. 

The philosophy of copyright itself is to protect the 
form of expression while concomitantly releasing the 
idea for wider exploitation. If creativity is explicit in the 
selection, arrangement and presentation of the contents 
of a db, the db is accorded protection. Data elements 
from dbs can be extracted and reutilized, honouring the 
same spirit of knowledge enrichment embodied in copy¬ 
rights. It is obvious then that there are several dbs that 
would be out of the purview of copyright protection. 
Global events in recent years present evidence that this 
spirit of balancing financial reward for authors (read 
compilers of dbs) with societal gains has been aban¬ 
doned in favour of protecting investments and commer¬ 
cial interests of the db creator. 


Genesis of a policy shift 

Copyright jurisprudence has witnessed a remarkable shift 
with the advance of digital technology. It has become a 
facile exercise today to shift around voluminous data, mod¬ 
ify the contents of a db or to create a new db altogether 
from data elements scavenged from a host of other dbs 
making a mockery of the very tenets providing legitimacy 
to protection of dbs. Contents of a db need not be in close 
physical proximity either. The fear of misappropriation of 
data and their reuse in preparing comjDeting dbs has influ¬ 
enced the present stance of db owners. Another major influ¬ 
ence is the US Supreme Court decision in Feist Publications 
vs Rural Telephones Service Company Inc^. Justice 
O’Connor had to decide whether copyright protection can 
exist in compilations of data. The data in this case com¬ 
prised of names and telephone numbers from a rural tele¬ 
phone directory. The US statute specifically says that 
compilations of data ‘if selected, coordinated or arranged in 
such a way that the resulting work as a whole constitutes an 
original work of authorship, would be eligible for protec¬ 
tion. The judge observed that the creativity involved in al¬ 
phabetically arranging addresses as in the Rural Telephone 
case was very low and that method of organizing the data so 
commonplace as to exclude originality. Courts have subse¬ 
quently focused on the manner in which the data is selected 
and arranged in a db and judged that copyright protection 
can exist if the selection and arrangement of data exhibited 
a minimum degree of creativity. The Feist judgement seems 
to legitimize selective extraction and reutilization of data, 
reformatting it into a different arrangement and creation of 
a new db therefrom, without the fear of having infringed 
copyright privileges. Db owners fear that the law unwit¬ 
tingly acquiesces with digital pirates to extract 
‘insubstantial portions’ of dbs with minimal investment, 
creativity, or value addition, have pressurized their respec¬ 
tive governments to incorporate stronger db protection 
provisions into the intellectual property framework. The 
costs involved in obtaining, selecting, verifying, anranging 
data and operating db electronically were emphasized to be 
a signal investment warranting protection. The responses to 
these concerns are reflected in the European Union Direc¬ 
tive^ adopted by the Ministers of the European Council on 
11 March, 1996, the pending US Bill H.R. 3531 ‘Database 
Investment and Intellectual Property Antipiracy Act’ and in 
the draft mooted at the WIPO Diplomatic Conference for 
sui generis protection of dbs at Geneva in December 1996. 

Contours of the proposed db treaty 

The EU database directive 

The definition of db to include electronic dbs, all col¬ 
lections of works, data, other material arranged in a 
systematic way and capable of being accessed by elec- 
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tronic or other means, appears too broad. Two distinct 
rights have been vested, one a copyright for those dbs 
that by virtue of selection, arrangement of the content 
constitute the author’s own intellectual creation and, an 
extraction and/or reutilization right for dbs in respect of 
which there has been qualitatively and/or quantitatively 
substantial investment in either obtaining, verification or 
presentation of the contents. The treaty provides for 
member states to make ‘fair use’ exceptions. Even tem¬ 
porary reproduction is tantamount to copyright viola¬ 
tion. What is critical, however, is that extraction and/or 
reutilization right gives the right-holder the right to 
control permanent or temporary transfer of all or sub¬ 
stantial part of the contents of a db to another medium 
by any means or in any form and to control any form of 
making available to the public, all or substantial part of 
the contents of a db by the distribution of copies, by 
renting, by on-line transmission or by other forms of 
transmission. The right-holder has, however, the right to 
control the extraction or reutilization of insubstantial 
parts of a db and cannot impose such control by con¬ 
tract. Both qualitative and quantitative factors are con¬ 
sidered to determine what is substantial. The fair use 
clause can be established under national law but would 
only be available for extraction right and not reutiliza¬ 
tion. The extraction and reutilization rights have a dura¬ 
tion of fifteen years. 

H,R. 3531 'Database Investment and Intellectual 
Property Antipiracy Act' (USA) 

The US Bill was influenced by the EU Directive. How¬ 
ever, it takes a few more steps to ensure a more exclu¬ 
sive monopoly on information. A creator of a db can 
prevent extraction of the contents of his db, and the use 
or reutilization of the data therein on the pretext of 
having invested substantially in the creation of that db. 
The bill recommends a 25 year protection unlike its 
European counterpart. Addition or modification of the 
db with ‘substantial’ investment further extends the 
protection by another term. The db-maker’s rights are 
elaborate in that any act prejudicial to his actual or po¬ 
tential commercial interests, are forbidden. Thus, there 
is no scope for installing a ‘fair use’ provision in the 
proposed Bill. A second-comer even if he invests sub¬ 
stantially cannot access the data freely from an existing 
db to build an independent, incrementally value added 
db. Making use of protection-defeating mechanisms or 
performing such services is also declared illegal. 

WIPO database treaty draft 

The WIPO draft has many provisions common to the EU 
Directive and the H.R. 3531 Bill. The sui generis system 
it advocates for db-creators is irrespective of whether 
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the db is protected by copyright. The protection pro¬ 
vided must be without prejudice to any other right in or 
obligations with respect to a db or its contents including 
copyright. The draft also seeks to protect dbs that repre¬ 
sent substantial investment defined both qualitatively 
and quantitatively. A significant feature is the absence 
of a fair use provision in this treaty. The maker of the db 
has the right to authorize the extraction or utilization of 
any portion of the db. It leaves to national legislations to 
determine the protection granted to government-created 
dbs. Another significant departure is the duration of the 
protection afforded to db makers. 25 or 15 years of 
protection was initially mooted. However, if any sub¬ 
stantial change is made to the db that involves substan¬ 
tive investment, the term of protection starts again for 
the changed db from the time of such investment. An¬ 
other difference as compared to the EU Directive is that 
this does not demand reciprocity unlike the latter. The 
European directive would protect db contents of foreign 
dbs only if those nations have adopted equivalent laws 
to the European db law. The WIPO draft also allows db 
developers to enter into contracts with users about giv¬ 
ing up their rights to take insubstantial parts of the db 
contents. Understandably, this treaty has not received 
the welcome the Americans and Europeans hoped it 
would. The WIPO draft treaty on intellectual property in 
respect of databases was deferred at the November 1996 
Diplomatic Conference in Geneva. 

Opening Pandora box? 

Going by the trends in which db protection law is 
evolving, developing countries have reasons to worry. 
They normally are db-users and are information provid¬ 
ers to dbs worldwide. The WIPO Draft transfers all the 
rights to the investor in a db, thereby precluding data 
providers to the db from accessing the data they gener¬ 
ated after it is put into a db, which is disconcerting. Ex¬ 
amination of the pros and cons of adopting such a 
protection strategy appears prudent. 

Firstly, the definition of what constitutes a db itself is 
very broad. A ‘collection of independent works, data or 
other material arranged in a systematic way and capable 
of being individually accessed by electronic or other 
means’ brings a wide range of database services into the 
protected category. Non-electronic dbs thus come into 
the ambit. A published document already in prior art can 
be digitized and converted into an electronic db and 
protected. Some of the dbs containing structures of 
small molecules have been built this way and have be¬ 
come unaffordable to publicly-funded researchers. It 
may also be argued that search engines or sequence 
alignment software also are a part of the db and may get 
protected from the now freely accessing research com¬ 
munity. Many of such tools provide for inter-operability 
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Box 1. A representative list of databases and their contents 

Area 

Database 

Remarks 

Protein sequence collection 

OWL, SWISS-PROT, PIR 

Public domain 

Protein sequence motif 

PROSITE, PDB 

Public domain 

Protein structural alignments 

FSSP 

Public domain 

Predicted protein structures 

HSSP 

Public domain 

Proteins grouped for structural similarities 

SCOP 

Public 

Enzymes 

ENZYME 

Public 

Restriction enzymes 

REBASE 

Public 

Nucleotide sequences 

GenBank, EBI, DDBJ 

Public 

Expressed sequence tags 

dbEST 

Public, Several private 
companies have dbs. 

Promoters 

TFD 

Public domain 

Genomic maps 

GDB 

Public domain 

Genes (immunological) 

Kabat 

Public domain 

Human genomics 

Integrated Genomic Database 

Public domain 

Drosophila 

FlyBase 

Public domain 

Mouse 

MGD 

Public domain 

Molecular biology software 

BioCatalog 

Public domain 

Patents 

DERWENT world patent index 

Private 


INPADOC 

Private 

Fellowships in bioinformatics 

TechResources 

Public 

Agriculture 

AGRICOLA, CAB Abstracts 

Private 

Pharmaceuticals 

Pharmaceutical news Index 

Private 

Biotechnology 

Derwent biotech, Abstracts 

Private 


Current biotechnology abstracts 

Private 


between dbs and enable searching and locating similar 
information in otherwise incompatible dbs. Depriving 
the scientific community of such essential tools would 
handicap research capabilities. 

The philosophy of this proposed treaty is undoubtedly 
to protect investment and not to further knowledge. 
While one concedes the point that db creation and 
maintenance is a costly exercise, it is hard to relegate 
the investment in time, money and skills made by re¬ 
search teams generating the sequence and structural in¬ 
formation that enters the dbs. The essence of copyright 
is to reward intellectual efforts and simultaneously re¬ 
lease the knowledge for public gain. This balance has 
been upset in favour of financial investment of the db 
owner at the cost of societal benefit. 

While the db owner controls the right to authorize the 
extraction and reutilization of ‘a substantial part’ of the 
contents of his db, the extraction of a ‘substantial’ part 
is defined elsewhere as any portion of db, including an 
accumulation of small portions, i.e. of qualitative and 
quantitative significance to the value of the db. This practi¬ 
cally precludes db users from accessing any portion of a db 
without express permission of the owner. In sequence dbs 
where often the function of these sequences is yet undeci¬ 
phered, it is unreasonable to expect categorization of the db 
content into what is ‘significant and what is not’. It would 
thus be left to db owners to dictate what is qualitatively 
substantial in their dbs, and lawful users will be deprived 
even of, what according to them (users) comprises 
‘insubstantial parts’. Most dbs in biotechnology are de- 
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veloped by incremental increases. The WIPO Draft ef¬ 
fectively kills the creation of such dbs. 

The research community would be affected the most 
by the absence of ‘fair use’ provisions in the WIPO 
draft. Even when a palliative is suggested in the form of 
national legislation for determining protection to be 
granted to dbs created by Government initiatives, the 
earlier provisions defining ‘substantial’, and the general 
language of the document leads one to believe that 
conflict of interest with db owners may be discouraged. 
It must be noted that even where the EU Directive 
makes a fair use exception, namely, substantial extrac¬ 
tion for non-commercial purposes (research, review, 
education, etc.) it is allowed only for non-electronic 
databases. The modifications even outlaw temporary 
reproduction, which means that leave alone down¬ 
loading, even onscreen analysis will not meet approval. 

The requirement of obtaining permission of the db- 
owners to extract more than ‘insubstantial’ data will be 
counterproductive to the development of the db industry 
as a second-comer would be effectively discouraged 
from selecting and placing together data from different 
dbs to create a new db. Such a service is essential in the 
field of biotechnology. Were a researcher to collect 
material on his field of interest, say a colon cancer gene, 
he would be prevented from creating one by denying 
him free access to genome/sequence db, protein and 
structural dbs of the gene product, etc. As mentioned, 
the nature of biological research itself makes it farcical 
to restrict a researcher’s access to one or two dbs. Ser- 
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endipity, which heralds most of the scientific break¬ 
throughs, cannot be expected in an environment where 
information is rationed. In paying for accessing dbs, 
research costs would escalate, knowledge generation 
will be impeded and submission of data to public dbs 
will eventually diminish. The greater the access to dif¬ 
ferent dbs, the better would be the quality of new 
knowledge generated. It is also critical that more scien¬ 
tists can access a given db, because it would be a very 
cost-effective way of checking quality of the data in that 
db. If the data is not verified, one could end up paying 
for erroneous data. 

The duration of protection mooted is another conten¬ 
tious issue. It is immaterial now if a 15 or 25 years’ 
protection is implemented because another provision 
effectively provides db owners perpetual protection. If 
any substantial change is made to the content of a db, 
(as it would be with many dbs) that constitute a substan¬ 
tive investment, the 15 or 25-year clock is set again. 
This can go on ad infinitum. Who would judge that 
substantive investment was made in updating and/or 
adding new data, are questions unresolved. Where 
would litigation lead if an evaluation mechanism was 
indeed created? 

A major loophole the treaty would open up is in the 
area of patent law. Many countries have listed therapeu¬ 
tic, surgical and diagnostic inventions as not patent eli¬ 
gible. Even the TRIPs document allows for such 
exceptions. In case a therapeutic protein or the sequence 
encoding a genetic defect is discovered and is not 
granted a patent in that country, the inventor could eas¬ 
ily submit the sequence into a db and seek protection, 
thereby preventing research on that protein by other re¬ 
search groups. Thus sequences that are not patentable, 
may achieve the objective via copyright protection and 
thus stifle competition. 

Today when a public R&D researcher publishes a 
gene sequence of a therapeutically or commercially im¬ 
portant protein, it is possible that private EST db owners 
may scan their own dbs for full length ESTs that show 
similarity (and naturally are undisclosed) to the se¬ 
quence and file patent applications on those sequences. 
Such a strategy would undermine public interest, as by 
patenting all related genes, the right of a gene-finder 
will be hedged in^. 

The draft provides for nations to legislate on the fate 
of Government-created dbs. However, one must realize 
that there has been and effectively continues, massive 
anonymous ftp downloads of sequence or structural data 
by companies^. Most of Government-generated data is 
already in private hands! 

It thus becomes evident that legitimate users would 
suffer for the wrong-doings of data pirates. Modern 
biotechnology which thrives on the interaction between 
complementary disciplines would suffer a setback with 
the information censorship brought about by this form of 
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protection. While the information free-riders must be 
stopped, (especially if they provide nothing new but 
exploit the pirated contents of a db without any financial 
investment) a distinction necessarily must be made be¬ 
tween them and fair-users of the data. Else, it would be 
throwing away the baby with the bath water. In the in¬ 
terest of the research community, a rethink is mandated. 

In quest of an alternative 

The WIPO Draft fuses the idea-expression dichotomy. 
Feedback from biological scientists has only reinforced 
the view that the proposed database treaty is not 
in the interest of the sciences. It is customary to 
submit sequence or structural data to international pub¬ 
lic dbs (some journals specify submissioning to a given 
db). Many Indian researchers have also contributed 
sequence matching programmes to public domain dbs. 
It would be unfair, even scientifically unethical to 
relinquish openness and information-sharing for 
the benefit of a few private individuals. The government 
will have to restore the balance sought out in 
copyright law where societal benefit was not subjugated 
to private reward, India must oppose the move to ratify 
the treaty in its present form. What can be the palliative 
measures? 

Introduction of the Tair-use’ exception as in the EU 
Directive, with one variation - the permission to access 
electronic dbs, is necessary. Db-users amongst the re¬ 
search community may be asked to sign a non¬ 
distribution agreement for the contents of the accessed 
dbs as is done in many standard material transfer agree¬ 
ments, with liability provisions. If concessional access 
rates can be worked out for the research community en¬ 
gaged in non-commercial research, they should be pur¬ 
sued. Raw data must not be rationed. If necessary, an 
organization such as the CCC may be established to 
work out concessional access rates for academic and 
non-commercial R&D use of dbs. 

The duration of protection must be reduced to 5 or 7 
years as this time is sufficient to generate a research 
lead. The idea behind the proposed treaty is to protect 
investment. If db-makers have to be recompensed for 
their investment, one method is to give them a lead pe¬ 
riod in the niche market for say 5 years, after which 
competitors may be allowed to grow and compete. This 
works like the patent system. Perpetuation of informa¬ 
tion monopoly by continuous modifications will be self- 
defeating as this can bring about long-term damage to 
R&D and innovative capabilities. It would also harm the 
db industry a great deal. Even the quality of unchal¬ 
lenged data may be poor. 

Formal registration may be desirable as this can obvi¬ 
ate future disputes. A board akin to the Copyright Board 
may adjudicate the quality and quantum of modification 
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and approve of any further extension of protection pe¬ 
riod. Protection must be provided only for the additional 
data appended and not renewed for the entire db when¬ 
ever a ‘substantive’ addition/modification is claimed. 

What counter-strategies can India make? Our ap¬ 
proach must stem from our strengths and the knowledge 
of our weaknesses. You need strong laws only if you 
have a strong industry. There are not many indigenous 
biotech dbs we have at present. Perhaps in the coming 
years we may create some ecological/traditional medi¬ 
cine dbs. Isn’t it prudent to wait till we have something 
to protect instead of jumping to ratify the treaty? Most 
of the data today is generated with Government funding. 
Can this be stopped from getting into private dbs? 
Aren’t the db-makers themselves free-riders when they 
ftp and download data from public domain dbs? If the 
scientific community in public R&D stands up in unison 
to resist privatization of dbs and their economic returns, 
the damage can be undone. Ideally dbs must be re¬ 
stricted to copyright protection. Protection for dbs kept 
in secret should be resisted. There are adequate provi¬ 
sions such as anti-trust laws and trade-secrets to address 
those concerns and new legislation is not called for. 

Public domain dbs should be strengthened and re¬ 
searchers in public R&D organizations encouraged only 
to contribute to public dbs. If the quality of public dbs 
improves and if a researcher finds that he can access the 
same data contained in a privately-owned dbs in a public 
db, he would prefer the latter, as it would not hamper him 
with obligations. This way one would be able to offset par¬ 
tially the exploitative hold of the private db owner. 

The last is a more presumptuous one. Sequence and 
structural dbs may be alienated from the purview of the 
db treaty. It has been traditionally argued that DNA se¬ 
quences, etc. are not copyrightable hence they already 
existed in nature and that their author cannot be defined. 
It also stands to reason, however, that the intellectual 
input of the research scientist made it possible to deci¬ 


pher the information without whose effort, the very exis¬ 
tence of the sequence would have remained unknown. 
Parallels may be drawn between the genetic code and 
the binary code used in computer programs. A string of 
Os and Is can be copyrighted. By extension of the same 
logic, genetic code and the sequence should be eligible 
for copyright protection. 

One could, perhaps, even argue that sequences are not 
even eligible for copyright protection. Would a string of 
alphabets qualify for copyright protection? Amino acid 
or nucleic acid sequences are represented by alphabets 
akin to the binary code. Some case laws of the software 
industry may be used in argument. The alphabets and the 
sequence in which they appear, together give meaning to 
the information. In other words, to be functional, it is 
essential that a sequence is represented precisely by a 
particular selection of alphabets in a particular order. 
Reading the judgements of the Kenrick vs Lawrence, 
1890 which stated that if there is only one way of ex¬ 
pressing an idea, then that way is not the subject of 
copyright and that of Keaton in Lotus Development 
Corporation vs Paperback Software International, which 
states that where the expression of an idea is inseparable 
from its function, it forms part of the idea and is not 
entitled to copyright protection. Exploring the legal nu¬ 
ances of these judgements may perhaps provide a solu¬ 
tion to deliver structural and sequence dbs to their 
rightful owners - the global research community. 
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A bifunctional baculovirus homologous region 
(^rl) sequence: Enhancer and origin of replication 
functions reside within the same sequence element 


Saman Habib and Seyed E. Hasnain 

Eukaryotic Gene Expression Laboratory, National Institute of Immunology, New Delhi 110 067, India 


Analysis of the synergy between transcription regu¬ 
lation and DNA replication as well as the mecha¬ 
nisms of enhancer action has been of interest to us. 
Our studies on the Autographa californica multi- 
nucleocapsid nuclear polyhedrosis virus (AcMNPV) 
have revealed that the viral homologous region se¬ 
quence, hrl^ can function as an enhancer of poly- 
hedrin promoter-driven transcription as well as an 
origin of DNA replication in transfected host insect 
cells. Minimal sequence requirements for both these 
activities of hrl have been delineated. A host factor 
that interacts at multiple sites within hrl has also 
been implicated in the enhancer function of this se¬ 
quence. While demonstrating the dual function of 
hrl^ our observations also indicate the importance of 
host factor(s) in regulating crucial processes in the 
viral infection cycle. 


For the past several years, research at the Eukaryotic 
Gene Expression Laboratory of the National Institute of 
Immunology has been focussed on the biology baculovi- 
ruses. The baculovirus expression vector system, which 
utilizes the prototype baculovirus AcMNPV 
{Autographa californica multi-nucleocapsid nuclear 
polyhedrosis virus), has emerged as the system of choice 
for the expression of many genes of prokaryotic and 
eukaryotic origin. The advantages offered by this system 
include the highly-restricted host range of baculoviruses 
(AcMNPV infects only 39 species of moths), the eu¬ 
karyotic environment of the host insect cells that allows 
disulphide bond formation, proper folding, glycosyla- 
tion, oligomerization and/or other post-translational 
modifications required for the biological activity of 
some eukaryotic proteins, as well as the presence of 
strong polyhedrin (polk) and plO gene promoters that 
can drive the expression of foreign genes during the 
very late phase of infection of the virus. 

The AcMNPV genome is a 133,894 bp long double- 
stranded, covalently closed, circular DNA molecule. 
The genome consists largely of unique sequences with 
the expressed AcMNPV genes distributed as non¬ 
overlapping, contiguous sequences (single exons). Inter¬ 
spersed in the genome are eight hopiologous regions or 
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hrs {hrl, /zrla, hrl, hr3, hr4A, hr4B, hr4C and hrS) that 
vary in length from about 0.2 to 1 kb and contain one to 
eight 28 bp palindromes with an Ec(9RI site at the centre 
of each palindrome^AcMNPV genes are expressed 
sequentially in a temporally-regulated fashion during the 
viral infection cycle. The process of infection can be 
divided into three phases: the early, late and very late 
phase. The early phase proceeds for the first six hours of 
infection and precedes viral DNA replication. The late 
phase which is characterized by extensive viral DNA 
replication and late gene expression extends from 6 h 
p.i. to about 20-24 h p.i. The very late phase begins 
around 20 h p.i. It extends for about two days during 
which the two major proteins of the occlusion phase, the 
polyhedrin protein and the plO protein, are synthesized. 
An interesting feature of AcMNPV transcription is that 
early genes require an a-amanitin (an RNA pol II inhibi¬ 
tor) sensitive host RNA polymerase II while late and 
very late gene transcription is mediated by an a- 
amanitin and tagetitoxin (an RNA pol III toxin) insensi¬ 
tive, virally encoded and/or modified RNA po-* 
lymerase^’"^. 

AcMNPV hrs have been analysed for their role in 
transcription regulation and replication of the viral 
genpme. Hr5 has been demonstrated to enhance expres¬ 
sion of reporter genes under the control of early bacu¬ 
lovirus promoters^. Recent studies have shown that 
plasmids containing AcMNPV hrs can replicate in an 
infection-dependent manner after transfection into 
Spodoptera frugiperda (Sf9) cells^, thus suggesting their 
putative role as origins of replication {ori) of the viral 
genome. With some information on the enhancer func¬ 
tions of hrs available to us, we decided to investigate 
the role of the hrl element in the AcMNPV infection 
cycle in host Sf9 cells. Hrl is defined as an 880 bp Clal 
fragment upstream to the polyhedrin gene {polh) pro¬ 
moter. It contains four Ec^^RI minifragments - one each 
of 158 and 89 bp and two of 90 bp and five 28 bp im¬ 
perfect palindromes (Figure 1). Our interest in hrl arose 
from the fact that it is located ~3.7 kb upstream of the 
polh promoter, the major promoter used in the baculovi¬ 
rus expression vector system. Given the hypertranscrip¬ 
tion from the polh promoter during the very late phase 

CURRENT SCIENCE, VOL. 73, NO. 8, 25 OCTOBER 1997 


RESEARCH ACCOUNT 


5'-TTTTACAAGTAGAATTCTACCCGTAAA G-3’ 
3'.AAAATGTTCATCTTAAGATGGGCATTTC-5’ 


hr\ PALINDROME 


Eco Rl ^ ... , 

Sa/I Eco RV Af/u I 



Sail 



420 bp 


330 bp 


170 bp 

H-►! 


158 bp 


90 bp 


hr\ 


Figure 1. Physical map of the lir\ sequence. The five 28-bp 
core palindrome units are shown as filled double arrows. Each 
palindrome contains an EcoRI site at its centre (from Habib 
etaL^^\ 


of the infection cycle, it seemed plausible that this pro¬ 
moter may be additionally influenced by enhancer-like 
sequences placed nearby. We suspected that hrl, by 
virtue of its relative proximity to the polyhedrin gene, 
may serve as an enhancer of transcription from the poly¬ 
hedrin promoter. The mechanism of regulation of tran¬ 
scription from the polyhedrin promoter is also of 
considerable interest. Previous investigations in our 
laboratory had revealed the presence of a --30 kDa 
host protein that interacts with high affinity and 
specificity to transcriptionally essential motifs 
of the polh promoter’^"^. Although essential deter¬ 
minants of polh promoter function have been delineated, 
the regulatory role of upstream c/.s’-elements on 
promoter activity has not been the subject of detailed 
study. 

A synergy between transcriptional enhancement and 
DNA replication has been established by elegant studies 
with different viruses and a role for transcription in the 
vicinity of viral origins of replication as a prerequisite 
for initiation of DNA replication has been demon¬ 
strated Alternatively, DNA replication has been 
shown to facilitate the action of transcriptional en¬ 
hancers of simian virus (SV40) in transient expression 
assays without causing an increase in DNA copy num¬ 
ber^ ^ Moreover, origins of replication in viruses such as 
Epstein Bar virus (EBV), Bovine Papilloma virus (BPV) 
and SV40 are associated with transcriptional enhancers 
and often the two overlap. The nature of the association 
between DNA replication and late gene transcription is 
not well understood in AcMNPV. It has been shown that 
disruption of the viral encoded proliferating cell nuclear 
antigen (PCNA) delays DNA replication as well as late 
gene expression^^. Moreover, a mutation in the hel gene, 
which has homology to helicases is defective in both 
DNA replication and late DNA replication^^. In the 
context of hr structure and known hr function, an at¬ 
tempt to study the nature of coupling between DNA 
replication and late and very late gene expression 
seemed worthwhile. 


Hrl acts as a position- and orientation- 
independent enhancer of polyhedrin 
promoter-driven transcription 

DNA sequences that control gene regulation by RNA 
polymerase II and are binding sites for transcriptional 
factors are frequently divided into two major groups- 
promoters and enhancers. Promoters are located proxi¬ 
mal to the mRNA start site and determine where tran¬ 
scription begins and enhancers function distal to the 
start site in a position- and orientation-independent 
manner relative to the gene. Certain conserved sequence 
motifs can be defined for eukaryotic promoters. On the 
other hand, enhancers lack a well-defined conserved 
sequence motif but contain multiple protein-binding 
sites. Since the first identified enhancers were observed 
in viral genomesthe properties of these viral tran¬ 
scriptional regulatory sequences now constitute the 
definition of an enhancer element^^. By and large, the 
properties of enhancers include the ability to: (a) in¬ 
crease transcription from ci.y-linked promoters; (b) op¬ 
erate in an orientation-independent manner; (c) exert 
their influence over large distances independent of posi¬ 
tion and, (d) enhance expression from heterologous 
promoters. 

In order to analyse the enhancer function of hrl, we 
amplified the hrl sequence by PCR using the AcMNPV 
genome as template and cloned it in expression plas¬ 
mids. The amplified 750 bp hrl sequence was cloned 
upstream to the polh promoter-luciferase reporter cas¬ 
sette in the basal construct pSH/wc to generate the 
plasmids pSH/wc-Ar-Ui and pSH/Mc-/ir-U 2 which repre¬ 
sented hrl cloned in opposite orientations, Hrl was also 
cloned downstream to the promoter reporter cassette in 
the construct pSH/wc-/ir-Di. These plasmids were ana¬ 
lysed for luciferase expression levels in a transient ex¬ 
pression assay using Sf9 cells. Cells were first 
transfected with the reporter plasmids using lipofectin 
and then infected with AcMNPV to maintain appropriate 
levels of viral factors required for late gene transcrip¬ 
tion. Our analysis of the effect of hrl on expression 
from the AcMNPV very late polyhedrin promoter re¬ 
vealed that hrl can exert its enhancement effect in a 
position- and orientation-independent manner. Although 
enhancement was consistently observed, the level of 
enhancement when hrl was placed upstream to the pro¬ 
moter in the orientation opposite of its normal orienta¬ 
tion relative to the promoter in the wild type genome 
was lower (-7-fold) than when it was placed in the nor¬ 
mal orientation (~ll-fold)^^ The position of the hrl 
element with respect to the promoter (5^ or 3') did not 
significantly alter the enhancement level. The enhance¬ 
ment of expression was also a direct result of a corre¬ 
sponding increase in transcription from the promoter as 
revealed by RNAase protection assay of luc transcripts 
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from transiently-transfected cells. Transcription in the 
presence of hrl was found to be mediated by the viral- 
encoded or modified a-amanitin-resistant RNA po¬ 
lymerase and followed the normal very late activation 
profile. Moreover, initiation of transcription in the pres¬ 
ence of hrl is at the authentic transcription start point 
within the TAAG sequence of the TAAGTATT motif of 
the polyhedrin promoter^®. In order to study the effect of 
hrl on AcMNPV late promoter activity, we cloned the 
hrl sequence downstream to the cor promoter (a late 
promoter of AcMNPV) that drove the expression of the 
luciferase reporter. A 3-fold enhancement over expres¬ 
sion from the basal construct {^S'Rcor'PAuc) was ob¬ 
served in the presence of hrl (pSHcc>rP-/wc-/zrl) and the 
temporal expression profile expected for the late pro¬ 
moter was observed (manuscript in preparation). 

It is significant that in addition to enhancing tran¬ 
scription from the polyhedrin promoter, hrl can also 
stimulate expression from immediate early lE-N and 
delayed early 39 K promoter^’^\ a heterologous Droso¬ 
phila hsplO promoter (Venkaiah et al, unpublished ob¬ 
servation), and a AcMNPV late cor gene promoter. 
Additionally, the observation that hrl can also exert its 
influence in a distance-independent manner even when 
placed ~6 kb upstream to the polyhedrin promoter 
(Venkaiah et aL, unpublished observation) qualifies the 
categorization of the hrl sequence as a classical enhan¬ 
cer element. 

Enhancement is independent of the ori function 
of hrl 

Hrl has been described as a putative viral ori based on 
the DpnI-sensitivity assay but the ability to detect this 
function of hrl has been shown to depend upon the 
transfection and infection regime^l It was therefore, 
necessary to ascertain whether the enhancement of re¬ 
porter expression was a reflection of DNA copy number 
change due to the replication of /irl-containing plasmids 
in transfected cells. DNA dot-blot analysis of Sf9 cells 
immediately after transfection and 60 h p.i., in the ab¬ 
sence or presence of inhibitory amounts of aphidicolin, 
a DNA replication inhibitor, was carried out. It was ap¬ 
parent from these results that the /irl-containing plas¬ 
mids did not register any increase in copy number over 
what was observed immediately after transfection. 
Complementary experiments where replication of these 
/irl-plasmids was blocked by aphidicolin did not result 
in a decrease in copy number of these plasmids when 
their amounts were checked 60 h p.i. As expected, 
aphidicolin also inhibited viral DNA replication, result¬ 
ing in a drastic fall in reporter expression in transient 
expression assays^^. The influence of hrl on luc expres¬ 
sion, therefore, seemed to be independent of hrl- 
mediated DNA replication of the reporter plasmid. 

660 


We sought confirmation of this result by utilizing the 
information that a circular form of transfected DNA car¬ 
rying an AcMNPV ori sequence is necessary for repli¬ 
cation and that linear fragments do not replicate in host 
cells^^. Sf9 cells, transfected with reporter plasmids 
linearized at a unique restriction site, were assayed for 
reporter expression 60 h p.i. and compared with expres¬ 
sion from control circular plasmids. It was apparent that 
the fold-enhancement of expression from /zrl-containing 
plasmids over that from the basal plasmid was similar in 
the circular and linearized plasmid transfection sets. 

The third set of evidence came from direct Dpnl sen¬ 
sitivity assay of replication of hrl plasmids and the 
control plasmid pUC18. The restriction enzyme Dpnl 
cleaves the GATC sequence only when the A residue is 
methylated by Dam methylase. Unlike bacterial cells, 
eukaryotic cells lack Dam methylase and therefore, all 
input plasmid DNA that has replicated in bacterial cells 
will be sensitive to Dpnl while plasmid DNA that has 
replicated in insect cells will not be methylated at the 
GATC site and will be resistant to Dpnl digestion. In 
our experiments, all plasmid DNA isolated from trans¬ 
fected Sf9 cells was found to be sensitive to Dpnl. Even 
when 20 pg (the DNA amount used for transient ex¬ 
pression) of the /zrl-plasmid was transfected, no Dpnl- 
resistant form was detected. These results unequivocally 
demonstrated that hrl did not induce template DNA 
replication in our transfection regime and the enhance¬ 
ment of transcription from polh promoter was a direct 
result of the enhancer-like function of hrl. 

Kool et al^^ demonstrated that the transfection and in¬ 
fection regime followed for transient replication of 
plasmids detected by Dpnl sensitivity assays determines 
the ability to detect replicated /zr-plasmids. When they 
tested the Hindlll-F fragment of AcMNPV, containing 
hrl, by first transfecting and following it immediately 
by AcMNPV infection, they failed to detect replication 
of the /i/T-containing plasmid. It is important to reiterate 
that identical transfection and infection regimes for the 
transient expression assays were followed in our study. 
Replicated forms of transfected plasmids were, however, 
detected when cells were first transfected and, 24 h 
later, infected with AcMNPV^^. This could be repro- 
ducibly seen by us in Dpnl assays with hrl constructs. 
Using the altered transfection regime, we could detect 
replicated (unmethylated and thus DpnI-resistant) form 
of /zrl-plasmids in virus-infected cells while the plasmid 
did not replicate in uninfected cells. Leisy and 
Rohrmann^^ could also detect /zrl-mediated replication 
using another transfection regime, thereby complement¬ 
ing the observation that replication of /zr-plasmids is 
infection-dependent^"^. The reason for this discrepancy in 
the replication status and its dependence upon the trans¬ 
fection regime is not clear. It is possible that lipofectin- 
DNA complexes do not dissociate early enough for the 
DNA to be available for interaction with viral factors 
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required for replication. A 24 h gap between transfec¬ 
tion and infection circumvents this problem and the 
plasmid DNA carrying the putative ori replicates. Since 
the transient expression assay for polyhedrin promoter- 
driven luciferase reporter was carried out much later 
(60 h p.i.), expression of the reporter was detected even 
when cells were transfected with reporter plasmids and 
immediately infected with AcMNPV. This transient 
transfection protocol enabled the detection of the enhan¬ 
cer function of hrl independent of its ori activity. Alter¬ 
natively, a 24 h gap between transfection and infection 
in the altered regime could detect replicated forms of 
/irl-plasmids. 

Overlap of transcriptional regulatory sequences 
and replication origin sequences at hrl 

Regions of the hrl sequence carrying five 28 bp core 
palindromes and palindrome-flanking sequences, were 
analysed for their enhancer activity in transient expres¬ 
sion assays as well as their ability to act as orh in trans¬ 
fected cells. The analysis of six /irl-deletion constructs 
in transient expression assays revealed that /irl-driven 
enhancement is a function of the number of palindromes 
and flanking sequence units^^. Enhancement by hrl can 
thus be seen as an additive effect of hrl ‘modules’. Our 
results also demonstrated that an intact palindrome 
along with the flanking sequence functions as the mini¬ 
mal enhancer ‘module’ in transient expression assays. 
On the other hand, a palindrome alone seems to be both 
necessary and sufficient for the on function of hrl as 
revealed by Dpnl sensitivity assays of constructs carry¬ 
ing segments of hrl (ref. 20). Although there is an 
overlap in the sequence requirements for ori and enhan¬ 
cer activity of hrl, there seem to be differences in the 
minimal sequence determinants for these functions. 

Activation of transcription by DNA replication is a 
general phenomenon for genes linked to an enhancer. 
Moreover, enhancer-independent activation signals, 
such as SV40 T antigen fro/i.s-activation, function inde¬ 
pendently of DNA replication. This synergy between 
enhancement and DNA replication is seen with a number 
of enhancers including synthetic sequences constructed 
from multimerized binding sites of a single enhancer¬ 
binding factor^^ 

Studies on viruses have established a role for tran¬ 
scription in the vicinity of viral oris as a prerequisite for 
the initiation of DNA replication. The discovery of a 
transcriptional activator in the function of a replication 
origin in Saccharomyces cerevisiae^^ has extended this 
relationship to eukaryotes. Although there is a large 
amount of evidence that has established the role of tran¬ 
scription in DNA replication, there have been relatively 
few reports on the role of DNA replication in transcrip¬ 
tional control. Studies on the latter include the observa¬ 


tion that heterochromatin and fragile sites are among the 
last sequences to be replicated in a genome, although the 
cause and effect relationship between repression and 
late replication is unknown^^. Genetic experiments have 
also established that a specialized ori in S. cerevisiae 
plays a critical role in regulating gene expression^^. 
Wilson and Patient^ ^ demonstrated an enhancer- 
dependent general role for DNA replication in activation 
of transcription in transient transfection assays. This 
effect was observed for a wide variety of genes, in a 
range of cell types, and was independent of DNA copy 
number. By using a variety of synthetic and natural en¬ 
hancers in their study, they proposed that replication 
modifies chromatin to facilitate enhancer action. 

There is coupling between late and very late gene 
transcription and viral genome replication in AcMNPY 
and both cycloheximide and aphidicolin block tran¬ 
scription of late and very late genes^. Disruption of the 
viral-encoded PCNA delays DNA replication as well as 
late gene expression^^’^^. Also, the ts8 mutant with mu¬ 
tation in the helicase (hel) gene with homology to 
helicases, is defective in both DNA replication and late 
gene expression^^. The nature of the dependence of late 
and very late gene transcription on replication remains 
to be defined. Our results demonstrate that hrl enhances 
transcription from the late cor promoter and the very 
late polyhedrin promoter in transient expression assays. 
In light of the relationship between replication and ti^an- 
scriptional activation demonstrated for other systems, 
hrs of AcMNPV, that function as both viral replication 
origins and transcriptional enhancers, may be considered 
as sequences that establish a link between viral replica¬ 
tion and late and very late gene transcription in vivo. 

Sequence organization of the hrl enhancer 
element 

Enhancers are composed of multiple genetic elements, 
or modules (reviewed by Dynan^^); the mixture of se¬ 
quence motifs comprising a particular enhancer deter¬ 
mine the enhancer effect. Insight into the relationship 
between enhancer function and enhancer modules 
has come from elegant studies on the extensively charac¬ 
terized SV40 and immunoglobulin (Ig) gene en- 
hancers^^"^^. Refined genetic analysis has shown that in 
many cases, as in the SV40 enhancer, discrete modules 
can be further divided into basic units of enhancer 
structure called enhansons. The SV40 enhancer is com¬ 
posed of 15 to 20 bp long enhancer elements or modules 
that cooperate with one another or with duplicates of 
themselves to enhance transcription. Enhancer elements 
or modules are bipartitie, being composed of subunits 
called enhansons, that can be duplicated or inter- 
changed^\ Enhansons probably correspond to individual 
binding sites for tmni’-activating protein factors. 
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Figure 2. General organization of an enhancer element based on the 
structure of the SV40 enhancer (adapted from Dynan^^). 

The general organization of an enhancer, based on ar¬ 
rangements found in the SV40 enhancer, is depicted in 
Figure 2 (adapted from Dynan^^). An enhancer element 
consists of enhancer modules which are in turn com¬ 
prised of enhansons. One type of enhanson forms a 
functional enhancer module when a single copy of the 
enhanson is present (Figure 2, left). The second type of 
module is comprised of two copies of a tandemly re¬ 
peated enhanson (centre). The third type forms a func¬ 
tional module in combination with a nonidentical 
enhanson (right). At present, it is not clear whether the 
difference between enhansons is due to differences in 
the proteins that interact with them, or whether there is 
another explanation, such as differences in the relative 
affinities of the cognate enhanson motifs for the protein 
factors. Other enhancers, such as the Ig heavy chain en¬ 
hancer and the enhancers associated with the IE genes of 
Herpes simplex virus, exhibit an apparent functional 
redundancy with no one site being crucial for enhancer 
function^^’^^. 

A search for sequence motifs that interact with known 
enhancer-binding proteins and transcription factors in 
other viral and animal systems revealed that a few of 
these motifs were present in hr\ (Figure 3). The most 
interesting were the motifs with high homology to the 
consensus enhancer element motif [T(T/G)NNG 
(C/T)AA(T/G)] recognized by the C/EBP family of tran¬ 
scription factors in the LTR enhancer of avian leukosis 
virus^^. This motif was repeated (with one or two base 
pair changes) 3' to each palindrome in hrl. This inciden¬ 
tally is also the region in the flanking sequences that has 
a high level of homology and forms of the repeating 
structural units of hrl. This observation may be of rele¬ 
vance when seen in the context of the structural organi¬ 
zation of viral enhancers such as the SV40 enhancer. 

The hrl sequence carries five 28 bp core palindromes 
with a single base mismatch in the consensus palin¬ 
drome sequence. The EcoRl restriction enzyme, that 
cuts at the centre of each palindrome, cleaves hrl into 
fragments of 89 bp, 158 bp, 90 bp, and 90 bp length 
from 5' to 3\ respectively. The 5' and 3' flanking se¬ 
quences of the 750 bp hrl sequence are 85 bp and 
207 bp long, respectively. Sequence comparison of 
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CANNTG recognized by helix-loop-helix proteins eg. MLTF (AdML) 
and Ig enhancer ^E3 (Gregor et al., 1990) 

I CGT rnotif important for hr5 function (Rodems and Friesen, 1993) 

D AGT CGT like (?) motif 

BSB Ta/G)NNG(C/nAA(T/G) LTR (ALV) motif recognized by C/EBF 
family of transcription factors 

Figure 3. Location and distribution of different sequence motifs in 
hrl that specifically interact with previously-reported enhancer 
binding proteins and transcription factors (from Habib etal}^). 

palindrome intermediate sequences revealed a high level 
of homology between them; the homology was maxi¬ 
mum in the sequences immediately adjacent to the pal¬ 
indromes. The palindromes and palindrome-flanking 
sequences can be interpreted as repeating structural 
units in the hrl element, //rl-mediated enhancement is a 
function of the number of palindrome core and core- 
flanking sequences with maximum enhancement 
achieved with the full set of five hrl palindromes; a cor¬ 
responding reduction in enhancement with three and two 
palindrome and flanking sequence units was observed. A 
single core palindrome or palindrome-intermediate se¬ 
quences without an intact palindrome could not enhance 
expression. Thus, functional analysis of the hrl deletion 
constructs also suggests that a palindrome together with 
the flanking sequence is the minimal functional element 
of the hrl enhancer. 

Interaction of host factors at transcriptional 
regulatory elements of the polyhedrin gene 

All enhancer sequences identified thus far serve as 
binding sites for one or more trans-?iCting factors. The 
enhancer effect depends not only upon the mixture of 
sequence motifs comprising a particular enhancer but 
also upon the assortment of trans-2ictmg factors present 
within a particular cell type or at different stages of de¬ 
velopment. This second level of complexity is particu¬ 
larly interesting because a number of enhancer motifs 
bind to more than one trans-acting factor, some of 
which may in turn be developmentally restricted in their 
distribution. Variations in the arrangement of binding 
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sites within an enhancer provide the potential to create 
new DNA-protein complexes by forming heterodimers 
among or within different families of transcription fac- 
tors^^. These interactions may result in enhancer speci¬ 
ficity, additional regulatory controls, and a high level of 
transcription. It is possible that enhancer activity is the 
result of the additive effects of a single redundant en¬ 
hancer motif. Alternatively, multimerized enhancers 
could become nucleation sites for the various factors 
required for enhancer activity. 

In order to determine the factors involved in hrl in¬ 
teractions, we carried out gel retardation assays with 
nuclear extract prepared from uninfected cells and 
AcMNPV-infected cells 3,6, 12, 36 and 50 h p.i. With 
the 330 fragment of hrl (this fragment carries one full 
and one half palindrome with the intermediate sequence) 
as probe, a stronger shift of higher mobility and a 
weaker shift of lower mobility were detected at all time 
points^^. There was no visible difference in the com¬ 
plexes obtained with extracts from uninfected and in¬ 
fected cells, thereby indicating the involvement of host 
factor(s) in hrl interactions. 

There are reports of both cellular host and viral pro¬ 
teins binding to viral enhancer elements. The active en¬ 
hancer-transactivator complexes in the SV40 enhancer 
include interactions with several motifs in the enhancer 
element and there are a number of reported pairs of 
bound factors that may serve as functional enhancer 
element complexes. The HeLa cell nuclear extracts, for 
instance, contain an SphI and Sphll motif binding factor 
that interacts more tightly with the Sphll motif^^. Also, 
the purified factors AP-2 and AP-3 may represent fac¬ 
tors that cooperate to form an active SV40 enhancer 
element^^’^^. A nuclear protein, called EF-C, binds to 
functionally important sites in the polyomavirus (Py) 
and hepatitis B virus (HBV) enhancer regions and has 
been found to correspond to an additional activity, RFX, 
which is a family of related transcription factors that 
form homo- or heterodimers and bind to the conserved 
functionally important X box in the MHC class II anti¬ 
gen promoter regions. The Py and HBV enhancer re¬ 
gions have evolved high affinity binding sites for 
dimeric EF-C/RFX-1 and the interaction of EF-C with 
an intact inverted repeat is required for functional activ¬ 
ity of viral enhancers^^ Host and tissue-specific factors 
that interact with distinct regions of the‘ enhancer se¬ 
quences of the U3 region of the rous sarcoma virus LTR 
have been identified^^. These factors share homology 
among themselves and with Y-box (inverted CCAAT) 
factors"^^. 

A number of factors interacting with cellular en¬ 
hancers have been identified. The well-characterized 
cellular Ig heavy and light chain enhancers, which are 
functionally redundant regions of 500-700 bp, contain 
multiple copies of an ‘E’ motif as well as recognition 
sites for the NF-/cB and cell-specific octamer binding 
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proteins^^. The sites defined by protein binding are im¬ 
portant for the functional activity of Ig enhancers with 
those restricted in their cellular distribution playing the 
most important roles. The 38 kDa /zrl-binding host fac¬ 
tor is the only /ir-binding host protein of AcMNPV 
identified so far. The other /zr-binding factor, IE-1, is a 
viral immediate-early gene product whose interaction 
with hrS and /irla has been analysed^’'^^ Interestingly, 
transcriptional enhancer activity of hrS requires dual 
palindrome half-sites that mediate binding of an IE-1 
dimer"^^. Studies on protein interactions with both hrS 
and hrlzL have failed to detect a specific host factor-Zzr 
interaction, although the possibility of host factor(s) 
interacting with /zrla of AcMNPV has not been com¬ 
pletely negated^. Another host factor, the 30 kDa PPBP, 
interacts with transcriptionally important sequences 
within the polyhedrin gene promoter. PPBP exhibits 
both single and double-stranded DNA-binding activity, 
interacts with the promoter with very high specificity 
and affinity and requires phosphorylation for binding^’^. 
It is of significance that two host proteins may be in¬ 
volved in mediating transcription from the hyperactive 
and very late polyhedrin gene promoter of AcMNPV. 

The /zrl-binding host factor binds at multiple sites 
within the /i/T element. We consistently obtained spe¬ 
cific complexes with the uninfected nuclear extract irre¬ 
spective of the region of hrl being used as probe. The 
number of complexes obtained with different hrl frag¬ 
ments depend upon the length of the probe and the na¬ 
ture of sequences therein. The 420 bp probe carries 
three full palindromes, 9 bp of the fourth palindrome 
and four palindrome-flanking sequences and generates 
three complexes. The 330 bp probe carries two palin¬ 
dromes with two flanking inter-core sequences and 
forms two complexes; the 170 bp fragment has a single 
intact palindrome with two flanking sequences and also 
forms two complexes; the 158 bp and 90 bp probes 
which carry 128 bp and 90 bp inter-core sequences, re¬ 
spectively form a single complex each. On the other 
hand, a palindrome alone does not bind the factor, sug¬ 
gesting that sequences flanking the palindrome core are 
important for binding and a palindrome alone is not suf¬ 
ficient for this interaction. The minimal functional en¬ 
hancer element, as revealed by analysis of hrl deletion 
constructs in transient expression assays, is also a core 
palindrome together with the core-flanking sequences. 
The host protein binding sites within hrl thus define the 
minimal functional enhancer elements of this sequence. 

The nature of the palindrome-flanking sequences re¬ 
quired for /irl-host factor interaction was revealed by 
using nine overlapping double-stranded oligodeoxyribo- 
nucleotides encompassing different regions of an hrl 
palindrome and its 5' and 3' flanking sequences as com¬ 
petitors in a binding reaction with the 170 bp fragment 
of hrl^^. Results of these experiments demonstrated that 
short segments representing both 5' and 3^-flanking se- 
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quences are required for the DNA-protein interaction. A 
half-palindrome, a palindrome alone, or flanking se¬ 
quences alone without the palindrome are not sufficient 
for the interaction. Moreover, an oligonucleotide carry¬ 
ing an intact palindrome with shuffled flanking se¬ 
quences could act at an efficient competitor of protein 
binding, indicating promiscuity in the sequence re¬ 
quirement of the 9-bp 5' and 3^ palindrome-flanking 
segments required for binding of the /zrl-binding protein 
(/zrl-BP). 

The position and intensity of the retarded DNA- 
protein complex obtained with hrl in gel retardation 
assays does not change throughout, suggesting that ei¬ 
ther the factor is not modified during the infection cycle 
or that its DNA-binding activity is not drastically altered 
by the modification^^. Phosphorylation is required for 
binding and the dephosphorylated host protein is inca¬ 
pable of binding hrl. The cellular factor binds hrl with 
high specificity and affinity. Though there is a slight 
concentration-dependent decrease in complex formation 
in the presence of salt, a complex is obtained even when 
2 M NaCl is added to the binding reaction. This sug¬ 
gests that ionic interactions do not play a major role in 
complex formation. The host protein approaches hrl 
through the minor groove of the DNA double helix^^ 
The host factor-/irl complex is also not disrupted in the 
presence of a high concentration of EDTA (up to 
100 nM) indicating that divalent cations are not required 
for binding. A value of 6.5 (±0.2) xlO”^^ M for the 
host factor-/irl complex demonstrates the unusually 
high affinity of the factor for hrl. An extremely low 
value (~3.7 x 10”^^ M) has also been reported for the 
other host protein, PPBP, that interacts with transcrip- 
tionally-important motifs within the polyhedrin pro¬ 
moter^, The high affinity of these cellular factors for 
viral sequences may be crucial for the virus to recruit 
them from their normal sites of action in the host cell. 

Involvement of the /rrl-binding protein in the 
enhancer function of hrl 

To provide evidence for the functional role of the hrl- 
binding protein (/zrl-BP), an in vfvo-mopping assay^^ 
was developed. In this assay the binding of /zrl-BP to 
the reporter constructs pSHluc and pSH/wc-/ir-Ui was 
completed in the presence of increasing concentrations 
of the pUClS-based plasmid carrying the hrl sequence 
alone (pSH/zrl). This construct pSH/zrl, which carries 
only the hrl sequence cloned in pUClS, when used as 
competitor to sequester the /zrl-BP present in the cells, 
would gradually render /i;T-BP unavailable for binding 
to the hrl sequence present in cis to the polyhedrin 
promoter-driven luciferase reporter in pSH/wc-/zr-Ui. 
Sf9 cells co-transfected with the reporter construct as 
well as different amounts of the competitor plasmid 
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were assayed for luciferase expression 60 h p.i^^. As 
expected, the presence of pSHArl did not have any ef¬ 
fect on the expression of pSH/wc, which did not carry 
the hrl element. The expression from pSUluc-hr-Ui, 
which had been enhanced several-fold by the enhancer 
effect of hrl, was reduced proportionately as the amount 
of competitor was increased to 1, 5, and 10 pg. In the 
presence of 10 and 20 pg of pSH/zrl competitor, the 
reporter expression level was brought down to that of 
the basal plasmid pSUluc. This demonstrated that the 
non-availability of Arl-BP due to the binding of this 
factor to an hrl sequence present in trans abolishes the 
enhancement effect. The enhancer-binding host factor is 
therefore important for mediating the enhancer function 
of hrl vis-a-vis the polh promoter of AcMNPV. 

Mechanisms of enhancer action 

Promoters and enhancers are two primary DNA ele¬ 
ments that control transcription by RNA polymerase II. 
Promoters function proximal and upstream to the tran¬ 
scription initiation site and determine where transcrip¬ 
tion begins. Enhancers stimulate promoters and function 
distal to the initiation site either upstream or down¬ 
stream. Enhancers can also function as origins of DNA 
replication. While the primary function of promoters 
and origins of replication is to facilitate the assembly of 
an active initiation complex, the primary function of 
enhancers is controversial. Two models of enhancer ac¬ 
tion are generally considered. In the first model, en¬ 
hancers and promoters are considered to act together in 
the formation of an active transcription initiation com¬ 
plex with additional transcription factors that can act at 
a greater distance from the mRNA start site being pro¬ 
vided by the enhancers"^^’^"^. Evidence to support this 
model is the fact that transcription factors can frequently 
function as components of either promoters or en¬ 
hancers. In the second model, promoters and enhancers 
perform distinct functions; the promoter facilitates for¬ 
mation of an active initiation complex and enhancers act 
from a distance to relieve repression of weak promoters 
by altering chromatin structure"^^’"^^. Support for this 
model comes from studies on analysis of gene expres¬ 
sion in mouse preimplantation embryos'^®, transcription 
in cell free systems"^^ and manipulating the activity of 
enhancers in stably-integrated plasmid constructs'^^, A 
small number of studies reported recently dispute the 
model that enhancers increase the rate of transcription 
from promoters and propose that enhancers increase the 
number of transcriptionally active templates, i.e. in a 
population of transfected cells enhancers increase the 
number of expressing cells but not their level of expres- 
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Sion . 

Of the many proposed mechanisms of enhancer action 
that include ‘looping’, ‘twisting’, ‘sliding’ or ‘tracking’, 
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and ‘oozing’, the mechanisms of DNA looping and al¬ 
teration of chromatin structure are most widely accepted 
(reviewed by Ptashne^^; Felsenfeld"^^). The mechanism 
of looping proposes that proteins bound at widely sepa¬ 
rated sites act by contacting each other, with the inter¬ 
vening DNA bending or looping to allow protein- 
protein interaction; the interaction between DNA-bound 
proteins, not looping per se regulates gene expression. 
Amongst other experimental evidence, the support for 
this model has come from 5 or 15 bp and 10 or 21 bp 
insertions between the middle segment and the enhancer 
and the middle segment and the TATA in the SV40 
early gene promoter region^\ The insertion of 5 or 
15 bp decreased transcription in vivo more drastically 
than the insertion of 10 or 21 bp. The enhancer func¬ 
tions even when repositioned hundreds of base pairs 
from the middle segment. A simple interpretation of 
these experiments is that proteins bound to the enhancer 
contact other proteins bound to the middle segment and 
that these in turn contact a protein bound at TATA. 
When the enhancer is placed at a distance (and in the 
normal position as well) the DNA presumably loops out 
to allow protein-protein interaction. 

The model for enhancer action involving alteration in 
chromatin structure has been developed from a series of 
experiments. Long-range activation of transcription by 
GAL4-VP16 protein, bound 1300 bp upstream, was de¬ 
pendent on packaging of the template into histone Hl- 
containing chromatin"^^; the chromatin structure of the 
rat prolactin gene facilitates the occurrence of protein- 
protein interactions between transcription factors bound 
to widely-separated regulatory elements^^; 1-cell mouse 
preimplantation embryos can utilize enhancer- 
responsive promoters efficiently without an enhancer, 
whereas 2-cell embryos require an enhancer to achieve 
the same levels of expression suggesting that enhancers 
relieve a repression in 2-cell embryos that is absent in 1- 
cell embryos"^^. Alteration of chromatin structure by en¬ 
hancer elements has also been seen in viral enhancers. 
The DNA in the chromatin encompassing the SV40 en¬ 
hancer is far more accessible to nucleases than other 
regions of SV40 DNA^^ When present in cis, the SV40 
enhancer can induce a DNAasel hypersensitive site 
within the ^-globin gene^"^. It has thus been proposed 
that the primary function of enhancers is to prevent gen¬ 
eral repression of promoter activity by altering chroma¬ 
tin structure. There are two kinds of mechanisms that 
disrupt chromatin structure. The first mechanism, dy¬ 
namic competition, does not require DNA replication 
to make regulatory regions accessible to transactivators. 
In this model, trans-ZiCimg factors can bind at or near 
the nucleosomes to destabilize or displace the histone 
octamer. The other mechanism is the pre-emptive 
competition model. In these enhancers, core histones 
block the factor-binding sites in such a way that these 
are accessible only when the site is at least partially 


exposed at the replication fork before chromatin 
assembly"^^. 

The precise mode of temporal activation of the poly- 
hedrin gene promoter is not clear at present. The direct 
involvement of any of the lef genes in transcription from 
the promoter has not been demonstrated^^. The observa¬ 
tion by Morris and Miller^^ that the basal promoter ac¬ 
tivity is contained within a 18 bp sequence comprising 
of the TAAGTATT motif and the upstream AATAAA 
sequence, which are required for PPBP binding^’®’^^’^^ 
has added a new dimension to the enigma of regulation 
of transcription from this ‘initiator’ promoter. Hr\ could 
simply be acting through its enhancer function to aid in 
the activation of the polyhedrin promoter^^. The 38 kDa 
host factor interacts with hr\ with very high affinity, 
requires phosphorylation for binding and approaches the 
AT-rich hr\ sequence through the minor groove of the 
DNA double-helix. The binding of the host factor to 
hr\ may contribute to low levels of basal transcription 
relatively early in the infection cycle. Subsequently, as 
infection proceeds, the host factor may help create an 
environment which would make overall transcription 
more responsible to the presence of yet unidentified 
inducible host or viral proteins bound to nearby sites in 
hr\. 

While it is likely that the two functions {ori and en¬ 
hancer-like) are carried out by different sequence ele¬ 
ments within /zrl, some of them may overlap as 
demonstrated by the fact that a palindrome alone is suf¬ 
ficient for ori function but requires additional core 
flanking sequences for enhancer activity. Although, at 
present, we only have evidence to implicate the host 
/rrl-BP in the enhancer function /zrl, the possibility that 
the host factor is involved in the dual function of this 
sequence cannot be ruled out. Further investigations on 
the ori function of hr sequences in intact AcMNPV 
viruses are critical to an understanding of this element 
with demonstrated duality of function. 
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INSAT-derived monthly mean precipitation, com¬ 
bined with estimates of evaporation from GOADS, 
are used to prepare the annual mean and seasonal 
distributions of evaporation-precipitation {E-P) and 
buoyancy fluxes for the tropical Indian Ocean. The 
fluxes of heat and freshwater across the air-sea 
interface, and hence the surface buoyancy flux, show 
strong spatial and temporal variability. The Bay of 
Bengal and eastern equatorial Indian Ocean are 
characterized by a net freshwater gain due to heavy 
precipitation, while the northern Arabian Sea and 
the ocean south of 10°S experience a net loss of 
freshwater due to excessive evaporation. The regions 
of high and low salt flux broadly correspond to those 
of high and low E-P and the seasonal fluctuations of 
E-P appear to contribute to the seasonal cycle of salt 
flux. The buoyancy flux is dominated by strong den¬ 
sity loss by the ocean in the northern Indian Ocean 
and modest density gain in the southern Indian 
Ocean, Though heat flux is the dominant contributor 
to the buoyancy flux over most of the region, salt flux 
dominates during winter in the northern Arabian 
Sea and during summer and fall in the Bay of Bengal 
and the eastern equatorial Indian Ocean. 


The tropical Indian Ocean, with its unique seasonal re¬ 
versing monsoons, land locked in the north and open to 
the south, represents an area of intense air-sea interac¬ 
tion. The Arabian Sea and the Bay of Bengal show 
marked difference in their climatic conditions even 
though they occupy the same latitude belt. The annual 
winds are the basic physical forcing that brings in large 
spatio-temporal variations of the surface waters which in 
turn regulate various processes in the Arabian Sea and 
the Bay of Bengal including the upper ocean circulation 
and the temperature and salinity fields. The changes in 
the heat and freshwater fluxes across the air-sea surface 
bring about changes in the surface buoyancy flux. Dif¬ 
ferential surface buoyancy fluxes induce horizontal 
pressure gradients, which in turn alter the topography of 
the isobaric surfaces and thereby the circulation pat¬ 
terns'”^. The impact of these pressure forces on the 
ocean dynamics depends on the magnitude and scale of 
the heat and freshwater fluxes, which depends on the 
scales of the atmospheric process responsible for the 


fluxes. Apart from these, there is a throughflow of warm 
freshwater from the western Pacific Warm Pool into the 
equatorial Indian Ocean. 

Information on freshwater flux for the tropical Indian 
Ocean is scanty. The maps presented by Baumgartner 
and Reichel"^ give only long term annual averages of E, 
P and E-P in the tropical Indian Ocean, which are based 
on extrapolation of island and coastal station measure¬ 
ments, with reasonable adjustments for uplands. So, it is 
worthwhile to undertake an estimate of E-P and buoy¬ 
ancy fluxes for the tropical Indian Ocean, to determine 
the dominant processes contributing to the surface 
buoyancy flux. 

We discuss here the relative contributions of heat and 
salt flux to the total surface buoyancy flux in the tropi¬ 
cal Indian Ocean. The annual and seasonal distributions 
of E-P and buoyancy flux for the tropical Indian Ocean 
are presented and discussed. The contributions of both 
the thermal and haline components of the flux are pre¬ 
sented separately, and also as a ratio. The implications 
of the buoyancy flux for water mass formation are dis¬ 
cussed. 

Data source and analysis 

To derive monthly mean values of surface heat flux and 
evaporation, the observations from the Comprehensive 
Ocean Atmosphere Data Set (COADS)^ have been used. 
The surface fluxes (Wm"^) were calculated by using 
standard bulk aerodynamic formulae^, for latent (Qe) 
and sensible (conductive) (gs) heat exchange: 

Qe — pLCg (<7s ~ ^a)^) 

Gs=pCpCs(r^-rjc/, 

where L is the latent heat of vaporization, Cp the specific 
heat of water, q the specific humidity, Ce and Cg empiri¬ 
cal exchange coefficients (1.4 x 10”^), the sea surface 
temperature, the air temperature and U the wind 
speed. The evaporation is computed by using the equa¬ 
tion E — pC^i^q^ ^a)^* 

The Very High Resolution Radiometer (VHRR) on¬ 
board the Indian National SATellite (INSAT) was used 
for deriving the precipitation estimates. The present es- 
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timates of monthly rainfall for the tropical Indian Ocean 
were extracted for the region north of 20°S and west of 
100°E on a 2.5® X 2.5° grid. The methodology used for 
deriving the quantitative precipitation estimates is after 
Rao et al? and Ramesh Kumar and Prasad^ 

The surface buoyancy flux has two components, one 
due to the net heat flux and the other due to the fresh¬ 
water flux associated with evaporation and precipitation. 
The buoyancy flux Fp is given by, 

F^ = -p(aFT-/3Fs), 

where p is the density, and Ft and Fs the fluxes due to 
heat and salt; the thermal expansion (a) and the haline 
contraction (fi) coefficients are defined as: 


a = - 


JL^ 
p dT 


p,s 


p dS 


PJ 


The heat flux is given by Ft = 2(pCp)"\ where Q is the 
net heat flux into the ocean and pCp is the heat capacity 
of water^. The salt flux is due to the loss of freshwater 
from the sea surface and is obtained by noting that a 
freshwater flow from the sea surface at a rate of E-P 


must be supplied by a slightly larger flow of salt water 
(with salinity: S) below the sea surface equal to 
{E-P)f{\-S) (ref. 10). Salt is left behind by this flow at a 
rate equal to {E-P)SI{\-S) and is carried by turbulence 
and diffusion back into the ocean interior. The surface 
salt flux is then: 

Fs = (F-F)S/(l-^). 

The expansion coefficients, heat capacity and density 
were evaluated using surface temperature and salinity 
extracted from the National Oceanographic Data Cen¬ 
ter^ ^ (NODC), CD-ROM north of 20°S, and west of 
100°E. 

The INSAT-derived precipitation, combined with 
evaporation, was used to prepare the annual and sea¬ 
sonal distributions of evaporation-precipitation (F-F), 
The monthly mean data were then averaged into sea¬ 
sonal and annual estimates. The seasonal maps are pre¬ 
sented for winter (December-February), spring (March- 
May), summer (June-August) and fall (September- 
November). 



Figure 1. Annual mean distributions of (a) Net oceanic heat flux (W m ^); (b) Evaporation (cm yr"‘); (c) Precipitation (cm yr *); and 
(d) Evaporation-Precipitation (E~P, cm yr’*). 
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Figure 2. Annual mean distributions of {a) Thermal buoyancy flux into the ocean (-^paFT) in 10^^ kg (m^s)”'; {b) Haline buoyancy 
flux into the ocean {p^Fs) in 10"^ kg(m^s)"^ {c) the total buoyancy flux in 10"® kg(m"sr‘ ; (d) laFr/^Fs!. 


Results and discussion 

Annual mean distributions 

Heat flux. Figure 1 a depicts the annual mean net heat 
flux. The central Arabian Sea and region west of Suma¬ 
tra is characterized by a minimum heat gain^ while re¬ 
gion south of lO^'S, at the south-east extremity shows net 
heat release from the ocean to the atmosphere. Heat up¬ 
take of the ocean is dominant in the upwelling regions 
off the coasts of Africa and Arabia, The average annual 
heat input in the equatorial region shows an east-west 
gradient with a high off eastern Africa. It appears that 
the tropical Indian Ocean gains heat from the atmos¬ 
phere on an annual average and a cold water inflow be¬ 
low the surface is expected by advective transport to 
conserve heat balance in the basin. 

Evaporation. Figure 1 b shows the annual mean evapo¬ 
ration. A zone of minimum evaporation is observed in 
the equatorial band between 5°S and 5°N. Evaporation 
is minimum along the west coast of India, off the Ara¬ 
bian coasts and over the Bay of Bengal. The Arabian 
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Sea, particularly central Arabian Sea, is characterized by 
high evaporation rate. South of 5°S, the evaporation 
increases towards south. 

Precipitation. The annual precipitation over the tropical 
Indian Ocean is illustrated in Figure 1 c. Precipitation 
over the equatorial region shows a maximum off Indo¬ 
nesia, with a tongue extending westward. The Bay of 
Bengal receives three times as much precipitation as the 
Arabian Sea. The decreases in precipitation toward 
south in the southern Indian Ocean is zonal on account 
of the zonal cloud pattern and the corresponding pre¬ 
dominant zonal temperature distribution. 

There is close agreement (in amounts and features) 
between the present annual rainfall estimates and the 
climatological map of Baumgartner and Reichef. 
Further, the present estimates compare reasonably 
well with the climatological study of Jaeger^^ and the 
satellite microwave estimates of Martin et and Rao 
etal^\ 

Evaporation-precipitation (E—P). The freshwater flux 
across the air-sea interface is defined as the difference 
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Figure 3. Seasonal precipitation (cm yr~^) based on INSAT data for (a) Winter (December-February); (b) Spring (March-May); 
(c) Summer (June-August); and {d) Fall (Septeraber-November). 


of evaporation and precipitation (E-P). The annual dis¬ 
tribution of E-P is illustrated in Figure 1 d. The features 
in the annual map of E-P are in good agreement with 
the climatological estimates of E-P provided by Baum¬ 
gartner and Reichel"^. Precipitation exceeds evaporative 
losses in the equatorial region, particularly off Indone¬ 
sia, and over the Bay of Bengal. The maximum freshwa¬ 
ter gain (-280 cm yr”^) in the equatorial region is three 
times larger than the corresponding extrema over the 
Bay of Bengal (-80 cm yr"^). The decrease in freshwater 
flux toward west in the equatorial region can be associ¬ 
ated with east-west gradient of precipitation. Evapora¬ 
tion is dominant in the north-western Arabian Sea, 
particularly off Arabia, and south of 15°S. The strong 
north-south gradient of E-P seen in the southern Indian 
Ocean between 5°S and 15°S is due to the moisture con¬ 
vergence at 10°S. In general, the annual precipitation is 
high in the equatorial belt, Bay of Bengal and along the 
west coast of India, whereas the north-western Arabian 
Sea and region south of 15°S experience a net evapora¬ 
tive heat loss. 
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Buoyancy flux. Figure 2 a, b depicts the separate contri¬ 
bution of heat (-paFy) and salt flux (pfF^) to the total 
buoyancy flux (Figure 2 c) respectively. It is interesting 
to note that the thermal buoyancy flux shows dominance 
over most of the area. The buoyancy flux due to salt has 
strong resemblance to the E-P distribution. Areas of salt 
gain are seen in the northern Arabian Sea and south of 
10°S, which is expected to be the region of high evapo¬ 
rative heat loss as could be seen from fluxes of heat and 
freshwater distribution. The excess precipitation over 
evaporation in the Bay of Bengal and equatorial region, 
particularly far east, causes freshening of surface salin¬ 
ity leading to salt loss. Thus, it can be concluded that 
the regions of high and low salt flux broadly correspond 
to those of high and low E-P. The distribution of annual 
surface buoyancy flux (Figure 2 c) has strong similari¬ 
ties to the net heat flux. The regions of strongest density 
gain are in the south-east, where the cold air masses 
blow over relatively warm waters of South Equatorial 
Current. This region corresponds to expected areas of 
heat loss due to evaporative cooling under the influence 
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Figure 4. Seasonal distribution of E-P (cm yr for (a) Winter (December-February); {b) Spring (March-May); (c) Summer (June- 
August); and {d) Fall (Septeraber-November) 


of south east trade winds. High values of density loss are 
found in the equatorial and along the upwelling regions. 
The dominance of these components can be delineated 
from the absolute value of ratio of the heat to salt flux 
\aF'YipFs\ (Figure 2 d). The most interesting feature of 
the flux ratio distribution is that the heat flux dominates 
in the whole tropical Indian Ocean. 

Seasonal mean distributions 

Precipitation. Figures 3 a-d depict seasonal distribution 
of precipitation for winter (DJF), spring (MAM), sum¬ 
mer (JJA), and fall (SON) respectively. A maximum in 
precipitation occurs off Indonesia in winter, spring, and 
fall with a tongue westward. During summer, the period 
of the southwest monsoon, the maximum shifts north 
and intensifies in the Bay of Bengal, with a secondary 
maximum off the west coast of India. Interestingly, the 
precipitation pattern in the Arabian Sea during summer 
and fall months is oriented north-east on account of pre¬ 
vailing winds in these regions. 

Evaporation-precipitation (E-P). The seasonal esti¬ 
mates of E-P rate are presented in Figures 4 a-d. During 


winter, there is a net loss of freshwater from the Arabian 
Sea, Bay of Bengal and the region south of 15®S due to 
excess evaporation, and a net freshwater gain in the 
equatorial region, with a maximum off Indonesia. Inter¬ 
estingly, the freshwater loss from the Arabian Sea is 
nearly twice that from the Bay of Bengal. 

Spring and fall show a decrease in freshwater flux on 
an average with a maximum freshwater gain in the east¬ 
ern equatorial Indian Ocean during fall. The decrease of 
E-P in the equatorial region can be associated with 
east-west gradient of precipitation. 

As expected, the onset of southwest monsoon winds 
bring about a marked increase in precipitation over the 
Bay of Bengal, equatorial Indian Ocean and along the 
west coast of India. The north-western Arabian Sea and 
the region south of 10°S receive the least precipitation; 
this along with enhanced evaporation leads to a net loss 
of freshwater from the surface. 

Buoyancy flux. Figures 5 a-d illustrate the total surface 
buoyancy flux for . winter, spring, summer and fall 
months respectively. During winter, north-western Ara¬ 
bian Sea experiences density gain due to evaporative 
cooling with concomitant heat loss and essentially no 
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Figure 5. Seasonal distribution of surface buoyancy flux in 10"‘ kg (m^s)"' for (a) Winter (December-February); (6) Spring (March- 
May); (c) Summer (June-August); and (<f) Fall (September-November). 


precipitation. Density gain due to excess evaporation in 
the northern Arabian Sea leads to the formation of Ara¬ 
bian Sea High Salinity Water mass (36.5 PSU), which 
sinks and spreads towards south with the advance of the 
northeast monsoon^ The sharp gradient of buoyancy 
flux seen in the Arabian Sea is due to the advection of 
low salinity water from the Bay of Bengal, carried by 
the North Equatorial Current, and the southward exten¬ 
sion of Arabian Sea High Salinity Water mass. The in¬ 
crease in buoyancy flux toward west in the equatorial 
region can be associated with east-west gradient of dis¬ 
tribution of heat and freshwater fluxes. Areas of strong 
density loss in the equatorial region coincide with areas 
of net heat and freshwater fluxes into the ocean. 

During spring, the whole tropical Indian Ocean north 
of 15°S experiences density loss, with strongest losses 
seen in the northern Arabian Sea and Bay of Bengal. 
This corresponds to a region of heat gain due to intense 
solar heating, along with weak winds and comparatively 
less precipitation. It is to be noted that the region south 
of IS'S shows a net density gain due to evaporative 
cooling under the influence of south-east trade winds. 
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A maximum in density gain occurs in the southern 
Indian Ocean, south of 5°S during summer, on account 
of evaporative heat loss under the influence of south¬ 
east trade winds. The two regions of density gain are in 
the northern Indian Ocean, a maximum in the central 
Arabian Sea, a region of heat loss caused by high evapo¬ 
ration under strong low-level Findlater jet, with a sec¬ 
ondary maximum in the north-west of Sumatra. Regions 
of density loss are seen off Somalia, Arabia and north¬ 
ern extremity of Arabian Sea. These are regions of oce¬ 
anic upwelling where denser water is brought to the 
surface. 

During fall, most of the region shows buoyancy loss 
due to solar heating except in the southern extremity. It 
is worth noting that the heat flux during this season 
shows a meridional gradient with maximum heat flux 
coinciding with the area of maximum buoyancy loss. 

Figures 6 a-d depict seasonal distribution of the abso¬ 
lute value of the ratio of the heat to salt flux IcFt/^FsI. 
The most interesting feature of the flux ratio distribution 
during winter is the dominance of salt flux in the north¬ 
western Arabian Sea, the eastern equatorial Indian 
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Figure 6. Seasonal distribution of laFi/^Fsl for {a) Winter (December-February); {b) Spring (March-May); (c) Summer (June- 
August); and (d) Fall (September-November). 



Ocean and the Bay of Bengal. The buoyancy flux due to 
heat exceeds that due to salt in the tropical Indian Ocean 
during spring. This is the manifestation of heat flux into 
the ocean due to intense solar heating at the sea surface. 
Interestingly, during summer, the buoyancy flux due to 
heat and salt fluxes are almost equal; the salt flux domi¬ 
nates in the Bay of Bengal, off the west coast of India, 
and in a zone west of Sumatra due to freshening of the 
surface water caused by heavy precipitation. The haline 
buoyancy flux dominates in the central Arabian Sea due 
to evaporative cooling, where surface waters are 
pumped into the thermocline by Ekman convergence. 
During fall, the buoyancy flux is dominated by thermal 
component in the western Indian Ocean, but salt flux is 
a significant contributor to the surface buoyancy flux 
east of 80°E. 

Summary and conclusion 

Annual and seasonal variations in surface buoyancy flux 
in the tropical Indian Ocean were examined in the con¬ 
text of heat and freshwater fluxes across the air—sea in¬ 
terface. 


Positive buoyancy flux regions are noted in the central 
Arabian Sea, south of S'^S, during summer, north¬ 
western Arabian Sea during winter, and a marked nega¬ 
tive buoyancy flux north of 15°S, during spring. The 
buoyancy flux due to salt exceeds that due to heat in the 
north-western Arabian Sea during winter and in the Bay 
of Bengal during summer. The salt flux also shows 
dominance in the eastern equatorial Indian Ocean during 
summer and fall. This is due to excess evaporation and 
concomitant winter cooling in the northern Arabian Sea 
and due to excess precipitation in the Bay of Bengal and 
eastern equatorial Indian Ocean. The freshening at the 
surface would lead to an increase in total steric level and 
hence the geostrophic flow, if the freshwater is not car¬ 
ried away laterally. Thus, the present study reveals that 
the salt flux is a significant contributor to the surface 
buoyancy flux in the north Indian Ocean; this is due to 
evaporation in the Arabian Sea and due to precipitation 
in the Bay of Bengal, even though they occupy the same 
latitude belt, unlike in most other regions of the world 
oceans. 

The hydrostatically unstable vertical distribution of 
salinity and temperature associated with evaporative 
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cooling (or winter cooling) in the northern Arabian Sea 
is expected to be the regions of convective formation of 
Arabian Sea High Salinity water mass^’^^. The formation 
of water mass must involve downward transport of heat 
and salt from the high salinity surface layer leading to 
the formation of salt fingers, A recent study by Prasanna 
Kumar and Prasad^^ elucidated the physical forcing that 
led to the formation of Arabian Sea High Salinity Water 
mass and Madhupradap et have shown the mecha¬ 
nism of the biological response to winter cooling in the 
northern Arabian Sea. 
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Particle bombardment: A simple and efficient 
method of alfalfa {Medicago sativa L.) pollen 
transformation 

Shashi M. Ramaiah^ and Daniel Z. Skinner^’^ 

Department of Agronomy^ and USDA-ARS^, Throckmorton Hall, Kansas State University, Manhattan, KS 66502-5501, USA 


Direct delivery of DNA into pollen was used to ob¬ 
tain transgenic alfalfa {Medicago sativa L.). Plasmid 
pBI121 bearing the y8-glucuronidase (GUS) reporter 
gene was introduced into the pollen by microprojec¬ 
tile bombardment. The bombarded pollen expressed 
GUS activity. Pollinating flowers of male-sterile 
plants with the bombarded pollen produced fertile 
seeds. Thirty per cent of plants derived from the 
fertile seeds showed integration of GUS plasmid, 
which was confirmed by PCR and Southern analysis. 
However, after ten vegetative generations, some 


Alfalfa {Medicago sativa L.) is a highly valued forage 
legume crop cultivated worldwide on 32 million hec¬ 
tares in warm and cool subtropical regions^’^. Improve¬ 
ments of alfalfa, earlier was restricted largely to 
conventional breeding methods. Recently, attempts to 
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transgenic plants (Jo) apparently lost the integrated 
GUS plasmid, while in few others, GUS gene copy 
number decreased. Presently, we are not able to es¬ 
tablish the possible causes for the loss of integrated 
DNA after several vegetative generations. However, 
it would be a worthwhile avenue for future work to 
establish the reasons for the loss of integrated DNA 
since this method of transformation employs simple 
techniques to transform pollen and produce trans¬ 
genic plants through the natural plant reproductive 
process. 


genetically engineer alfalfa by plant transformation have 
relied on gene introduction techniques demanding tissue 
culture methods^”^. Plant transformation methods involv¬ 
ing tissue culture are time-consuming, require special 
techniques, and the efficiency of obtaining stable 
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regenerants is low*^. Particle bombardment might be an 
alternative approach to negate some problems of tissue 
culture techniques depending on the target tissue used 
for transformation. Transforming pollen via particle gun 
would be advantageous since pollen is easily amenable 
as a free cell in large numbers, and naturally produce 
fertile plants through normal plant reproductive process. 

In this paper we describe a pollen transformation 
protocol via particle bombardment, which precludes the 
necessity of tissue culture techniques using /3- 
glucuronidase (GUS) reporter plasmid pBI121. Pollinat¬ 
ing in situ with the transformed pollen generated fertile 
seeds. Molecular analysis done on plants derived from 
the fertile seeds confirmed the integration of the reporter 
GUS gene in transgenic Fi (To) plants, until ten vegeta¬ 
tive generations. 

Materials and methods 

Vector 

Plasmid pBI121 (Figure 1) (Clonetech Laboratories, 
USA) containing the (GUS)® reporter gene, was used for 
pollen transformation. The GUS gene has only one re¬ 
striction site for SnaBl in the coding region. This gene 
is driven by a 5' up-stream cauliflower mosaic virus 
(CaMV) 35S promoter and terminated by nopaline syn¬ 
thase (NOS). 

Pollen collection and preparation for micropro¬ 
jectile bombardment 

Mature alfalfa flowers were collected randomly from 
greenhouse-grown plants. Flowers in each raceme were 
tripped open by gently rubbing the sepals between fin¬ 
gers to expose anthers enclosed in the fused keel petals^. 
Pollen grains were suctioned from the anthers into a 
narrow glass tube attached to a cyclone spore collec- 
tor^°, then were transferred into a sterile microfuge tube 
and stored dry on ice until future use. 

Before microprojectile bombardment, pollen grains 
were washed in sterilized 13% sucrose solution by vor- 
texing at setting 4 on an orbital shaker (Bell Biotech¬ 
nology, USA) for 10 min, and sedimented in a bench-top 

nos nos CaMV 35S nos 

pro. term. pro. term. 

RB H E 4- LB 



NPT II 

z 

-- 

_ 

GUS 

□ 


-4583 bp4“ 


I-3.0 Kb.I 

Figure 1. The diagram of plasmid pBI12l: pro, promoter; term, 
terminator; RB, right border; LB, left border; Primers,-> <r-\ GUS 
gene, I—-i; H, Hindlll] E; EcoRl 


microfuge with 15-second short pulses of centrifugation. 
The sedimented pollen was resuspended in 1.5 mi fresh 
13% sterilized sucrose solution and vortexed briefly to 
disperse the pollen uniformly in the liquid medium. Ap¬ 
proximately 100 |il of the pollen liquid suspension was 
pipetted onto sterile nylon membrane (Boehringer 
Mannheim, Germany), which was anchored in a 9 cm 
petri plate containing 1.5% bacto agar (Difco Laborato¬ 
ries, USA) overlaid with two layers of sterilized What¬ 
man No. 1 filter paper. The pollen suspension on the 
nylon membrane was spread evenly over a 2 cm^ area 
with the conical end of 1.5 ml sterile eppendorf tube 
before microprojectile bombardment. Pipetting opera¬ 
tions involving pollen liquid suspensions were always 
carried out with wide bore pipet tips. 

Preparation of plasmid DNA and adsorption to 
microprojectiles for particle bombardment 

Plasmid DNA was isolated by alkaline lysis and further 
purified by equilibrium centrifugation in a CsCl 2 - 
ethidium bromide gradient^*. 

Approximately 60 mg of M17 or M25 tungsten mi¬ 
croparticles (Bio-Rad Laboratories, USA) for every ml 
of 50% glycerol was prepared for adsorption following 
the procedure described by Sanford et alj^. For adsorp¬ 
tion of plasmid onto tungsten particles, the broad steps 
outlined by Sanford et al?^ were followed with certain 
modifications. Nonlinearized CsCl 2 -plasmid DNA 
(21 pg) was ethanol precipitated, and the air-dried pellet 
was resuspended in 10 pi of sterile water. Tungsten par¬ 
ticles (50 pi) suspended in 50% glycerol were voitexed 
for 30 min on a bench top vortexer at a low speed 
(setting 4), and then added to the plasmid DNA sus¬ 
pended in 10 pi of sterile water. To this suspension 
containing tungsten particles and plasmid DNA, 75 pi of 
coating adjuvants, CaCl 2 (2.5 M) (ref. 13) or PEG (8 %) 
(ref. 14) was added and vortexed briefly, after which, 
25 pi of 0.1 M spermidine (free base) was added. The 
final suspension mixture was vortexed vigorously for a 
total of 15 min, incubating on ice for 3 min after every 5 
min intervals of vortexing. 

. The vortexed suspension was incubated on ice for 
30 min and then centrifuged for 30 s in a bench top cen¬ 
trifuge. The resultant supernatant was discarded and the 
DNA-coated tungsten pellet was gently washed, first in 
300 pi of cold 70% ethanol, and then with 300 pi of 
absolute ethanol. The DNA-coated tungsten particles 
were resuspended in 200 pi cold ethanol and stored on 
ice until applied onto the surface of macrocarriers. 

The final DNA-tungsten suspension contained 3 mg of 
tungsten and 21 pg of plasmid DNA, assuming that there 
was no loss of either tungsten particles or plasmid DNA. 
The DNA-coated particles were briefly vortexed and 
then 20 pi (2.1 pg of plasmid DNA and 300 pg tungsten 
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particles) was applied onto macrocarriers. The macro¬ 
carriers anchoring the DNA—tungsten particles were air 
dried inside a laminar flow hood. Several preliminary 
experiments detailed in the result section were per¬ 
formed to optimize the particle gun parameters for trans¬ 
forming pollen, which eventually could germinate 
following bombardment. Pollen contained in petri plates 
were bombarded only once. 

In situ pollination of female parent to derive F i 
plants 

Cytoplasmic male-sterile alfalfa (Medicago saliva L.) 
was used as a female parent. Plants were maintained in 
greenhouse conditions at 24°C supplemented to a photo¬ 
period of 14 h light to achieve a high degree of flower¬ 
ing'^. Racemes having many unopened matured flowers 
were chosen for artificial pollination. In the tripped ra¬ 
ceme, immature flower buds were pinched off by tweez¬ 
ers and mature flowers were tripped open with a 
toothpick to expose the pollen-recipient stigma. 

For collecting pollen from the top of nylon mem¬ 
branes, microprojectile-bombarded petri plates incu¬ 
bated in a refrigerator (4°C) were retrieved and placed 
in a laminar flow hood. The top lid of the petri plate was 
removed and placed face down (inverted). The nylon 
membrane anchoring microprojectile-bombarded pollen 
was placed inside the inverted top lid of the petri plate. 
Several aliquots of sterile, 10% sucrose was added on 
the nylon membrane and the bombarded pollen slurry 
was gently brushed to the middle using a dry camel s 
hair paintbrush. The bombarded pollen was absorbed 
onto the paintbrush and resuspended into 1.5 ml sterile 
eppendorf tubes. The final volume of the pollen slurry 
collected from each petri plate was approximately 
200 |J.l. Tungsten particles were sedimented from the 
pollen slurry by spinning for 20 to 30 seconds in a 
bench top centrifuge. The supernatant was pipetted into 
another sterile eppendorf tube and stored on ice until 
pollinating the female recipient flowers, which usually 
took less than 30 min. 

Wide bore pipet tips were used to collect 200 (il ali¬ 
quots of the bombarded pollen suspension stored on ice. 
Gently, 10 to 20 |J.l of the pollen suspension were pipet¬ 
ted onto the initially tagged and tripped female recipient 
flowers, such that the whole hollow groove formed by 
the petals was filled with the microprojectile-bombarded 
liquid-pollen-suspension. 

The pollinated flowers completed seed set in about a 
month. The seeds derived from the harvested pods were 
mechanically scarified by viewing underneath a dissect¬ 
ing microscope and making a small incision with a ster¬ 
ile razor blade. The scarified seeds were imbibed in 
sterile water to ensure the seeds were scarified and then 
germinated in sterile sand. After a month in growth 
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chambers (24°C), the seedlings were transplanted to 
pots and maintained in greenhouse conditions. 

GUS assay 

Histochemical GUS assay of the microprojectile- 
bombarded pollen was carried out according to the 
method of Jefferson'®. To the microprojectile- 
bombarded pollen 500 [il of GUS histochemical buffer 
(3 mM, 5-bromo-4-chloro-3-indolyl-jS-glucuronide in 
0.1 M sodium phosphate buffer, pH 7.0) was added and 
the petri plates were incubated in dark for 4 h at 37°C. 
GUS expression was scored based upon the number of 
pollen grains showing blue spots by randomly selecting 
with the ocular micrometer 0.01 mm^ focal areas at 40X 
magnification. 

PCR analysis 

Putative transgenic plants derived from pollinating male 
sterile plant flowers were screened by PCR analysis. 
Plant DNA was extracted by maize miniprep method'^ 
The GUS primers (Genosys Biotechnologies, TX, USA) 
were deprotected, desalted and dried. A typical 50 pi 
PCR contained 100 ng genomic DNA; 200 pM dNTPs; 

15 pmols of each primer; 1.5 mM MgCE; 0.5 U Tfl 
thermostable DNA polymerase (Epicenter Technologies, 
USA); and the manufacture supplied 20X reaction 
buffer. Initially, the PCR mixture without the reverse 
GUS primer and Tfl thermostable polymerase was 
heated for 7 min at 95°C on the thermocycler, and then a 
mixture of the reverse GUS primer and the polymerase 
enzyme was added to each well. The PCR amplification 
reaction was performed for 42 cycles of: 15 s at 94°C, 

1 min at 63°C, and 2 min at 72“C. PCR products were 
separated by 0.8% agarose gel electrophoresis and 
visualized with ethidium bromide. Primers were de¬ 
signed for GUS coding regions at positions 535 (Forw) 
and 1118 (Rev); the forward sequence is 5'GGG CAG 
GCC AGC GTA TCG TGC TGC3' and the reverse se¬ 
quence is 5'GAC CGG ATG CCG ACG CGA AGC 
GGG3'. For restriction digestion analysis of PCR prod¬ 
uct, amplified fragment was extracted from the gel and 
purified in a Gene Capsule Kit (Geno Technology, 
USA). 

Southern blot analysis 

Approximately 15 p.g of genomic DNA was digested 
with EcoRI and Hindlll and separated electrophoreti- 
cally in 0.8% agarose (FMC Bioproducts, USA) gel. 
The DNA fragments were depurinated and transferred 
overnight onto positively-charged nylon membranes 
(Boehringer Mannheim, Germany) under alkaline con- 
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ditions”. The membranes were prewashed in 2X SSPE 
(pH 7.5) for 1 h and fixed by exposing to UV light for 
45 s. The hybridization probe was prepared by random 
primer labelling (Stratagene, USA) according to manu¬ 
facture instruction using dCTP (Dupont, USA) 

and purified on a sephadex G-50 column. Blots were 
prehybridized for 3 h at 42°C in hybridization buffer 
(50% formamide, 6X SSPE (pH 7.5), 0.5% SDS, 0.5% 
nonfat milk, 5X Denhardt’s solution). After prehybridi¬ 
zation, the membranes were washed twice at 42°C for 
5 min in fresh prehybridization buffer. The purified ra- 
diolabelled probe was added to 20 ml prehybridization 
buffer, and the membranes were hybridized overnight. 
After hybridization the membranes were washed twice 
with 0.5X SSPE, 0.1% SDS for 15 min at room tempera¬ 
ture, followed by two 15 min washes with O.IX SSPE, 
0.1% SDS at 65°C. Finally the probe-target hybrid was 
detected by exposing to Kodak X-omat LS X-ray film 
(Eastman Kodak Company, Rochester, NY, USA) at 
-70°C for 12 to 24 h. A similar procedure was used for 
Southern analysis of PCR-amplified product. 

Results and discussion 

It is thought that the supercoiled plasmid DNA and the 
target genome are nicked during particle gun bombard¬ 
ment. These nicks increase the chance of integration of 


the plasmid into the target tissue genome^®’'^. However, 
in particle gun bombarded pollen, stable integration and 
expression of the reporter gene, including the ability to 
produce transgenic seeds, depends largely on the sever¬ 
ity of harsh conditions imposed on pollen, during and 
after bombardment^^. The microprojectile-bombarded 
pollen has more likelihood of losing its ability to germi¬ 
nate because of mechanical aberrations endured on the 
membranes and other cell organelles during high veloc¬ 
ity penetration of tungsten particles^. Thus a study was 
conducted to find an optimum combination of particle 
gun parameters such that the tungsten particles penetrate 
deep into the pollen and yet maintain the pollen viabil- 
ity. 

The particle gun chamber vacuum pressure and veloc¬ 
ity of the microprojectiles are inversely related^^. Higher 
chamber vacuum presents less air resistance to the mi- 
croprojectiles and causes deeper penetration into the cell 
and their organelles. Using maximum chamber vacuum 
(28 inch of Hg), tobacco (Nicotiana tabacum) pollen 
was transformed with GUS encoding plasmid pBI121 by 
Twell et via particle gun. The transformed tobacco 
pollen expressed GUS activity efficiently, and were ca¬ 
pable of germinating. Thus, we attempted to introduce 
the same reporter plasmid into alfalfa pollen at the high¬ 
est chamber vacuum pressure (24 inch of Hg) that could 
be achieved in our particle gun. 


Table 1. Effects of tungsten particle size, helium pressure, and target distance on pollen germination 

and transformation efficiency 


Tungsten 

particles 

Helium 

pressure'' 

Target 

distance^ 

GUS score‘s 

Expt 1 2 

Pollen germination (%) 
Expt 1 2 

M17 

1100 

6 

++++ 

++++ 

63 72 

(1.1 |iM) 


9 

++ 

+++ 

70 65 



12' 

++ 


76 84 


900 







6 

++ 


70 64 



9 

++ 

++ 

74 78 



12 

+ 


86 90 


M25 

1100 

6 

+++ 

4*++ 

34 

47 

(1.7 jiM) 


9 

++ 

++ 

40 

48 



12 

+ 

+ 

42 

47 


900 

6 

+++ 

+++ 

48 

45 



9 


++ 

51 

54 



12 


+ 

55 

56 


‘‘Burst pressure of rupture disk in psi. 

^Approximate distance (cm) from the stopping screen. 

‘’’The score is an arbitrary estimate of the number of pollen expressing GUS activity at lOOX magnifi¬ 
cation: very low (+), low (++), intermediate (+++), and high (++++). 

Tungsten particles were adsorbed with GUS plasmid pBI121 using CaCh (2.5 M) as the coating ad¬ 
juvant. The stopping screen was in the middle level (8 mm) and the chamber vacuum was 24 inch of 
Hg in all of the experiments. The bombarded petri plates were incubated for 30 min at room tempera¬ 
ture (24°C) before assaying for GUS or pollen germination. From each bombarded petri plate, one 
half the pollen anchored on the nylon membrane was used for GUS histochemical assay, and the other 
half for conducting pollen germination tests. Each experiment consisted of three bombarded petri 
plates. 
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Tungsten particles of sizes 1.1 and 1.7 pM coated 
with pBI121 plasmid were accelerated at 900 and 
1100 psi helium burst pressures (Table 1). The pollen 
grains were bombarded at flight distances of 6 cm (level 
2), 9 cm (level 3), and 12 cm (level 4). Bombarded pol¬ 
len grains viability was tested by observing pollen tube 
growth in 10% sterile sucrose solution with 40X magni¬ 
fication. Pollen transformation efficiency was confirmed 
by GUS histochemical assay. 

Irrespective of tungsten particle size used for particle 
bombardment, increasing the target distance or decreas¬ 
ing the acceleration of tungsten particles (helium burst 
pressure), generally enhanced germination of bom¬ 
barded pollen, but at the expense of lower amounts of 
pollen being transformed. Most pollen bombarded with 
small size (1.1 pM) tungsten particles at a target dis¬ 
tance of 6 cm expressed high GUS activities that could 
germinate (63 to 72%). Bombarding with larger size 
tungsten particles (1.7 pM) decreased not only the num¬ 
ber of pollen transformed but also their ability to germi¬ 
nate, without regard to the burst pressure of tungsten 
particles or the target distance used. 

To generate the maximum number of transformed 
pollen that could germinate, in all future pollen bom¬ 
bardment experiments we followed the optimum gun 
conditions defined in Table 2, determined based on the 
preliminary experiments conducted earlier (Table 1). 

Several critical factors were identified that influenced 
the ability of flowers receiving microprojectile- 
bombarded pollen to set transgenic seeds: 1) tungsten 
particles should efficiently adsorb and adhere DNA 
strongly on their surface until delivered into the pollen; 
2\ the microprojectile-bombarded pollen must be ar¬ 
rested from premature germination and extensive pollen 
tube growth until pollinating male sterile flowers; 3) the 
bombarded pollen should be rejuvenated to germinate 
faster once applied to the stigma of the male sterile 
flowers to evade nuclease activity. To reduce all the 
above-mentioned deleterious effects on bombarded pol¬ 
len, several experiments were conducted. 

The adsorption procedure is important since DNA that 
is bound strongly to tungsten particle ensures greater 
amounts of delivery into pollen^^, and would be less 
susceptible to pollen nuclease attack after entering the 
pollen, because fewer amounts of free DNA become 
available as a substrate. Tungsten particle coating adju¬ 
vants, (2.5 M) CaCl 2 (ref. 13) or (8%) PEG (ref. 14) was 
added during adsorption process for greater adherence 
of pBI121 to the surface of tungsten particles. 

Only 1 to 5% of bombarded pollen indicated GUS ac¬ 
tivity when both PEG and CaCla were eliminated during 
the adsorption process (data not shown). Addition of 
PEG yielded 30% increase in the number of pollen ex¬ 
pressing GUS. However, the highest amount (90%) of 
GUS positive pollen was observed with tungsten parti¬ 
cles adsorbed in the presence of CaCU- Since CaCl 2 
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Table 2, The optimum conditions of particle gun used for pollen 
transformation 


Parameter 

Conditions 

Microcarrier 

M17 Tungsten (l.l pM) 

Macrocarrier travel distance 

8 mm 

Chamber vacuum 

24 in Hg 

Helium pressure 

1100 psi 

Flight distance 

6 cm (level 2) 



Figure 2. Histochemical GUS assay of pollen bombarded with 
pBI121 adsorbed tungsten particle (M17, 1.1 pM) using CaCh 
(2.5 M) coating adjuvant. 



Figure 3. Southern analysis of PCR product using GUS primers and 
Fi-derived plant DNAs. Figure in the inset depicts the ethidiiim 
stained gel of PCR amplified product. Lane 1, H//idlII digested X, 
Lane 2, PCR product without template DNA. Lane marked with a 
star designates PCR product of male sterile plant DNA. All other 
lanes designated To are PCR products of transgenic Fi plants. 

treatment was significantly effective, we did not attempt 
to combine CaCl 2 and PEG during the adsorption proc¬ 
ess. A photograph of pollen expressing GUS activity 
after bombarding with (2.5 M) CaCl 2 adsorbed tungsten 
particles is shown in Figure 2. 

The next task was to decrease the number of trans¬ 
formed pollen from germinating prematurely before 
pollinating male-sterile flowers since extensively germi¬ 
nated alfalfa pollen are often less effective in fertiliza¬ 
tion^^. Li et al.^^ have shown that the number of GUS 
positive pollen increased significantly by incubating 
microprojectile-bombarded white spruce {Picea glauca 
(Moench.) voss) pollen at 25°C for 18 h in dark before 
assaying for GUS. In contrast to Li et procedure, 
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Table 3. Percentage of pollen showing transient GUS expression 
Duration of cold incubation after micro projectile bombardment in hours 



0 

1 

2 

3 

4 

6 

12 

24 

Pollen grains/0.01 mm^ 

60 

65 

70 

59 

66 

51 

54 

61 

Pollen showing GUS*^ activity 

52 

47 

60 

38 

30 

26 

18 

15 

Percent 

87 

85 

86 

64 

45 

51 

33 

25 

S.E + 

3 

5 

4 

8 

6 

7 

9 

5 


^Histochemical GUS assay was conducted after thawing the cold incubated petri plates for 15 min at 
room temperature (24°C). 



Figure 4. Southern analysis of HindUl and £6 y;R 1 digested genomic DNA of To plants probed with EcoRl di¬ 
gested pBI121 plasmid. Lanes 1-22, DNA of transgenic plants; Lanes 23 and 24, DNA of pollen recipient 
male sterile plant; Lanes 26 and 27, DNA of nontransformed plant; Lane 28, plasmid pBn21 that has released 
the 3 kb GUS insert after restriction digestion with Hindlll and EcoRL 


instead of incubating the bombarded pollen at 25°C, we 
incubated the bombarded pollen at 4°C with the pre- 
sumption that pollen germination would be delayed at 
lower temperatures^^ and the nicks in the pollen DNA 
caused by microprojectile bombardment may slowly 
trigger a repair mechanism to religate, during which process 
the plasmid DNA gets integrated into the pollen genome. 

Cold incubated microprojectile-bombarded petri 
plates were retrieved from the refrigerator at one-hour 
intervals and checked for GUS activity in the bom¬ 
barded pollen to determine how long the GUS gene ex¬ 
isted in the pollen without being degraded (Table 3). 
The mean number of pollen grains showing GUS activ¬ 
ity was 86% until 2 h of cold incubation, and then 
gradually declined, with severe loss occurring after 24 h. 
This suggests that the nuclease activity in the pollen 
grains was slowed down at lower temperatures and 
therefore, may have taken a longer time to degrade 
plasmid DNA or perhaps, the DNA was physically lost 
by slow diffusion through the micropores created in the 
bombarded pollen cell wall due to microprojectile entry. 

The pollen germination process in alfalfa begins 
within a few minutes after suspending in any liquid sus¬ 
pension. However, incipient germinated pollen can be 
maintained in liquid suspension containing sucrose 
without loss of ability to fertilize, until 2 h (ref. 22). It 
has been reported that alfalfa pollen producing long 
pollen-tubes promote growth of neighbouring pollen by 


an unknown mechanism, sustains longer periods of 
growth and fertilizes more ovules^. Further, pollen sus¬ 
pended in 10% sucrose always produce long pollen 
tubes^^ Thus to increase the chances of seed-set, we 
resuspended the bombarded pollen after 2 h cold incu¬ 
bations in 10% sucrose before pollinating. The stable 
integration of the GUS gene in F] plants was first con¬ 
firmed by PCR after establishing the seedlings for six 
weeks in the greenhouse, later by Southern analysis fol¬ 
lowing two vegetative generations (cuttings). 

A 583 bp fragment of the GUS coding region was 
PCR amplified. The amplified GUS fragment contains a 
SnabI restriction site located 150 bp beyond the GUS 
535 forward primer. PCR analysis indicated a clear band 
of the predicted size (583) in twenty of the seventy-five 
Fi plants screened, suggesting a transformation effi¬ 
ciency of 26% (inset of Figure 3). The identity of the 
amplified fragment was confirmed by Southern analysis 
of PCR products, probing with the 3 kb GUS insert in 
plasmid pBI121 (Figure 3). 

The probe hybridized to all the lanes that contained 
the PCR amplified product confirming the amplified 
region was related to GUS. The possibility of plasmid 
contamination in our PCR mixture was ruled out, since 
there was no amplified product detected either in the 
agarose gel or in Southern analysis, when PCR reaction 
was conducted without genomic DNA (template) (lane 2 
of Figure 3, and lane 2 in inset of Figure 3). 
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A Southern analysis was conducted using DNA of 
PCR-screened GUS positive Tq plants after two vegeta¬ 
tive generations (cuttings). Probing Hindlll and EcoRl 
digested genomic DNAs of Tq plants with EcoRl di¬ 
gested plasmid pBI121 showed several hybridization 
bands (Figure 4). There were two additional Tq plants 
showing the presence of GUS that were not included in 
the PCR analysis because of failure to obtain healthy 
leaves (Figure 4, lanes 21 and 22). Hybridization with 
the probe was not detected in the DNA of pollen recipi¬ 
ent male sterile plant (Figure 4, lanes 23 to 26), All Tq 
plants showed a prominent hybridization band at 10 kb 
plasmid unit length and at 3 kb GUS insert unit length 
(Figure 4, lanes 1-22), The hybridization patterns of all 
To plants were similar. The intensities, though, espe¬ 
cially that of 3 kb GUS unit length differed in a few 
(lanes 4, 6 , 7, 20, and 21). Though the exact copy num¬ 
ber could not be authenticated from our studies, we pre¬ 
sume the differing 3 kb hybridization banding intensities 
are related to the number of copies of the GUS gene 
in Tq plants. There was one hybridization band, larger 
than 10 kb, invariably showing up in all the transgenic 
plants probably due to incomplete digestion of genomic 
DNA. The Southern analysis also revealed several hy¬ 
bridization bands smaller than the 3 kb GUS unit length, 
evidently indicating partial deletion of the GUS insert 
from the Tq plant genome, which is a common feature 
during gene delivery via microprojectile bombard¬ 
ment^"^. 

There are two critical barriers associated with pollen 
transformation: 1 ) the nuclease activity^^’^^ and 2 ) lack 
of stable integration of foreign DNA in the transformed 
pollen-derived plant^"^’^^. In this investigation we have 
shown the integration of GUS plasmid pBI121 at least in 
Fi generation at least after two vegetative cuttings. A 
brief outline of the procedure by which we accom¬ 
plished transgenic alfalfa is shown in Figure 5. 

Regarding inhibiting nuclease activity, salts such as 
Edta^ 7.28^ Na 3 P 04 (ref. 29), KNO 3 and MgS 04 (ref. 
30), NaCl and/or ZnCl 2 (ref. 31) were avoided, in case 
these salts, when used in combination with sucrose, 
would change the osmotic potential of the pollen liquid 
suspension causing large-scale rupture of pollen 
grains^^. Additionally, salts EDTA, Na 3 P 04 , NaCl, and 
ZnCl 2 inhibit pollen germination^^’^^ Instead, we tried to 
decrease the amount of nucleases by introducing certain 
critical steps in our pollen transformation protocol. 

Proteins are mobile and diffuse out freely from mois¬ 
tened pollen, including from the plasmalemma mem¬ 
brane of incipient germinated pollen^^. Most of the 
nucleases localized in the subcellular fractions: the mi¬ 
tochondrial fraction (including lysosomes and perox¬ 
isomes), the nuclear fraction, and microsomal fraction 
are released within a few minutes into the supernatant 
after very low speed vortexing or centrifugation^®. Ac¬ 
cordingly, Booy et showed, washing maize {Zea 


Pollen grains collected and stored dry on Ice 

▼ 1 h 

Wash the pollen in 13% sucrose 
▼ 10 min 

Bombard pollen once with plasmid DNA 

▼ 

Cold incubate (4°C) bombarded pollen 
^2h 

Centrifuge and resuspend bombarded 
pollen in 10% sucrose 

30 s 

Pollinate flowers of male-sterile plant 
^ 30 min 

Germinate seeds from the pods set 

▼ 30d 

Establish the seedlings in green house 
^ 60d 

Screen plants for putative transformants 


Figure 5. Outline of the pollen transformation procedure to obtain 
transgenic alfalfa plants. 

mays) pollen for 10 min reduced the nuclease activity. 
Negrutiu et while attempting to transform mature 
tobacco (Nicotiana tabacum) pollen for kanamycin- 
resistances washed the pollen twice for 5 min to protect 
the plasmid from pollen nuclease degradation. In our 
studies, washing pollen in 13% sucrose for 10 min be¬ 
fore microprojectile-bombardment should have de¬ 
creased the nuclease content, and the activities of 
whatever residual nuclease remained may have reduced 
during the 2 h cold incubation treatments rendered to 
pollen after microprojectile bombardment. 

The foreign gene integrated in Tq plants is occasion¬ 
ally lost^^ or the level of the alien gene expression is 
significantly reduced^"^’^'"’. However, this phenomenon is 
observed only in sexual segregating generations. A 
Southern analysis was conducted on Tq plant DNAs after 
ten successive vegetative generations to investigate 
whether the loss and/or reduction of copy number of 
integrated foreign DNA occurs in asexual vegetative 
generations (Figure 6 ). Indeed, there was no hybridiza¬ 
tion signal detected in 5 of the 22 plants, which earlier 
showed strong hybridization (Figure 4, lanes, 4, 6 , 7, 20, 
and 21) to the probe, EcoRl digested pBI121 plasmid 
(data not shown). In the remaining sixteen Tq plants, the 
prominent hybridization bands less than 3 kb, detected 
at second vegetative generations were either faint or 
completely lost (Figure 6 , lanes I~14, 16, 17). In addi¬ 
tion, the 10 and 3 kb fragments exhibited weak hybridi- 
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Figure 6. Southern analysis of HindlW and digested genomic DNA of To plants extracted after ten vegetative 

generations and probed with fi'coRI digested pB1121 plasmid. Lanes 1-14, 16, 17, DNA of To plants; Lane 15, DNA of 
pollen recipient male sterile plant; Lane 18, plasmid pBI121 that has released the 3 kb GUS insert following restric¬ 
tion digestion with Hindlll and EcoRl. 


zation signals, suggesting a possible reduction in the 
copy number of integrated plasmid DNA in some Tq 
plants (lanes 2-5, 9, 10, 13, and 14). Ultimately, all 
transformed plants appeared to lose the integrated for¬ 
eign DNA. We do not have an explanation for the ap¬ 
parent loss and reduction of the integrated plasmid DNA 
copy number, after ten asexual vegetative generations. 

This work describes for the first time, the use of the 
particle gun to transform alfalfa pollen and obtain Tq 
plants through natural plant reproductive process. As a 
next step, we plan to reevaluate this pollen transforma¬ 
tion protocol by using a plasmid (pMON410) coding for 
kanamycin resistance and investigate the plausible 
causes for the loss of integrated plasmid after several 
vegetative generations in Tq alfalfa plants. 
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Strain determination from three 
known stretches - A trigonometric 
solution 

Amit Tripathi and V. K. Gairola 

Department of Geology, Banaras Hindu University, 

Varanasi 221 005, India 

The determination of strain from three coplanar, 
non-parallel stretches has been a classical problem in 
structural geology. A simple trigonometric solution 
to this problem is presented here. 

The problem of determination of the shape of strain el¬ 
lipse from three known extensions was first recognized 
by Ramsay'. He proposed a Mohr circle solution which 
was also adopted by Ramsay and Huber^. Another 
graphical method using an alternate Mohr circle con¬ 
struction was proposed by Lisle and Ragan^. The 
graphical Mohr circle method tends to be rather lengthy 
and less accurate than an equivalent mathematical 
method. A few workers have therefore attempted alter¬ 
nate mathematical solutions to this problem. Ragan'' has 
used matrix inversion and eigenvector determination 
while Sanderson^ and De Paor^ have used other 
algebraic methods. The simplest of them is by De Paor^. 
In the present paper, a simple equation is derived 
for the direction of the longest principal strain axis, 
which has further been used for determination of magni¬ 
tudes of both the principal stretches. Whereas the 
‘... amount of calculation involved is time-consuming 
without the aid of a computer...’®, the present 
simple expression can easily be evaluated using a hand 
calculator. 

The derivation is based on the appreciation of the fact 
that to define a strain ellipse, three variables are re¬ 
quired, viz. A| (long axis), I 2 (short axis) and 9 
(direction of Ai with respect to any direction A along 
which the strain is known). If we know three coplanar 
non-parallel strain vectors (A, B, and C) with quadratic 
elongations Aa. Ab and Ac respectively and their angular 


interrelationship (Figure 1), the shape and orientation of 
the strain ellipse can be determined. 

The inverse quadratic strain along any direction A 
(A,^A = 9) is: 

Aa = Ai cos^0-t-A2sin^0 [From eqs. (3)-(31) of ref. 1] 


Therefore inverse quadratic strain along A, B 
(Figure 1) can be represented by; 

and C 

= X{ cos^ 9 + X 2 sin^ 6 , 

( 1 ) 

A 3 = AJ cos ^(0 + 0 i) + A 2 sin ^(0 + 0 i), 

( 2 ) 

Xq = X\ cos^(9 + 62 ) + X 2 sm ^(6 + 62 ) > 

(3) 

where 9i and 02 are known. 

By means of trigonometric relationships: 


2 cos^ ( 2 = 1 - 1 - cos 2 a, 


2 sin^a = 1 - cos 2 a, 


we get: 


= A] -i- A 2 + — A 2 ) cos 20 , 

(4) 

2 Ab = a; + A 2 + (A; - X 2 ) cos 2(0 + 01 ), 

(5) 

2Xc = a; + X 2 + (A; - A 2 ) cos 2(0 + 02 ). 

( 6 ) 

Subtracting eq. (5) from (4) and eq. ( 6 ) from (4) we 
get: 

2(Aa - A'b) = (A; - A 2 )[cos 26 > - cos(2i9 + 29 ,)], 

(7) 

2 (Aa -Ac) = (A[ -A'2)[cos20-cos(26I + 202)] . 

( 8 ) 

Because for any value of a and y3: 


„ ,, . a + j3 . P-a 

cosa-cosp = 2 sin-sin , 

2 2 
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Figure 1. Strain vectors A, B and C of magnitudes A a, Ab, Ac in a 
strain ellipse. 



Figure 2. The modified three belemnite problem^. 


eqs (7) and (8) become: 

2(Aa — Ab) = (Ai — X 2 \ 2 sin 


. A6+2A • 201 


-sin- 


(9) 


2 (Aa X 2 ) 


_ . 40 + 2^2 • ^^2 

2 sin- - sm —- 

2 2 , 


Hence 






A A “ An 


sin(20 + 6i)sin0i 

sin(26 + 62 )sin 02 


Combining eqs (11) and (12) we get: 
(AA-A^)/sin0i ^ (A;-A^)/sin02 
sin(20 -f 01 ) sin(20 + 02 ) 


Let 


a = 


b=: 


X'a-X'c 
sin 02 

sin 01 


( 10 ) 


( 11 ) 


( 12 ) 


(13) 


(14) 


(15) 


Substituting a and b in eq. (13) and multiplying with the 
denominators we get: 

a sin (20 + 00 = sin (20 + 02 ). (16) 

Because for all a and /3 

sin (a + /?) = sin a cosy3 + cosa sin^S, 

Therefore eq. (16) yields 

a sin20 cos0i + a cos20 sin0i = b sin20 cos 02 
+ b cos20 sin 02 , (12) 


or 


sin20 {a cos0i - b cosBo) = cos20 (b sin 02 - a sin0i) 

(18) 


Hence, 


tan 20 = - 


t2sin0| ~Z7sin02 
acos0i -Z? cos 02 


(19) 


Eq. (19) is the expression for the direction of A with 
respect to the longest principal axis of the strain ellipse 
0. A choice is needed between two values for tan20 de- 
pending on the quadrant in which 0 lies. However, if the 
longest-known stretch is taken as A as a convention, the 
0 would generally lie in the first quadrant. Eqs (l)'-(3) 
can now be solved. 

The problem of three boudinaged belemnites de¬ 
scribed by Ramsay and Huber^, is chosen as an example, 
the same that was also selected by others^’^’^ for valida¬ 
tion of their methods. In keeping with the convention 
proposed above, the belemnites A, B and C of Ramsay 
and Huber^ have been renamed as B, A and C respec¬ 
tively (Figure 2). 

The calculations show that the direction of A from the 
largest principal extension is -3.8° (or the direction of 
largest principal extension with respect to A is 3.8° 
positive clockwise) and A'l and A '2 are 0.179 and 0.436 
respectively which are in agreement with the values 4°, 
0.18 and 0.43 of graphical method of Ramsay and 
Huber^; 4.3°, 0.18 and 0.43 from calculation by equation 
of Ragan"*; and 4.32°, 0.175 and 0.43 using equations of 
De Paor^ 
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Biochemical studies evaluating the 
antiulcerogenic potential of UL-409, 
a herbal drug formulation on 
experimental peptic ulcer in rats 

A. J. Vanisree and C. S. Shyamaladevi 

Department of Biochemistry, University of Madras, Guindy Campus, 
Chennai 600 025, India 

This study was designed to evaluate the cytoprotec- 
tive effect of UL-409 in experimental peptic ulcer, 
Male Wistar rats orally intubated with HCl-ethanol 
mixture for the induction of ulcer were pretreated 
with UL-409, orally for 30 days. The volume and 
total acidity of the gastric juice were decreased in 
pretreated rats. The mucosal protein, mucosal sugars 
and sialic acid levels which were decreased in ulcer 
group were maintained to near normalcy after the 
pretreatment. 

Aggressive acid/pepsin secretion and lowered mucosal 
defense are critical factors involved in the pathogenesis 
of peptic ulcer. Defect in gastro-duodenal defense 
mechanisms include alteration in prostaglandin biosyn¬ 
thesis and their release, mucous and bicarbonate secre¬ 
tion and the luminal hydrophobic layer. Correction of 
possible deficiency in mucosal defense/resistance may 
be a useful and practical principle in management of 
patients with peptic ulcer^ 

There are many reports from different studies carried 
out by different authors evaluating the various pharma¬ 
cological properties of herbs which are the ingredients 
of the ayurvedic formulation, UL-409 (Table 1). Tino- 
spora corclifolia has been reported to cure various stom¬ 
ach disorders when used in combination with herbs such 
as Ailanthus triphysa, Helictrea erorcP'. It is also said to 
protect against stress^. Saussurea lappa has been used in 
the treatment of osteoarthritis'^. The fruit decoction of 
Emblica officlanalis^ and Foeniculum vulgaris^ has 
been used to combat hypertension. Aqueous extract of 
Emblica officinalis was found to be a potent inhibitor of 
lipid peroxide formation^. Aqueous extract of Santalum 
album is said to cure vaginal infections^ Roots and 
leaves of Aegle marmelos were reported to have versa¬ 
tile medical value^. Rosa damascena was found to have 
hepatoprotective potential Glycorrhiza glabra has 
been studied to evaluate its anticancer effect^*. 

Hence an attempt has been made to evaluate antiul¬ 
cerogenic potential of the herbal formulation UL-409 in 
rats. 

The herbal drug formulation named UL-409 was ob¬ 
tained from Himalaya Drug Company, Bangalore. 

This report does not constitute an endorsement of the efficacy of the 
herbal drug formulation UL-409. 
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Table 1. Composition of UL-409 


ingredients 

Parts used 

Percentage 

Glycorhiza glabra 

Root 

18 

Benincasa hispida 

Fruit juice/pulp 

16 

Tinospora cordifolia 

Stem 

11 

Saussurea lappa 

Root 

11 

Emblica officinalis 

Fruit 

11 

Santalum alburn 

Stem 

18 

Aegle marmelos 

Fruit 

7 

Jasad Bhasma 

(Ayurvedic mineral 
preparation) 

4 

Zaharmora Bhasma 

(Ayurvedic mineral 
preparation) 

4 

Processed in 

Aloe vera 

Leaves 


Foeniculum vulgaris 

Seed 


Rosa demascena 

Floor petals 



Male Wistar rats weighing 150-200 g obtained from 
Fredrick Institute of Plant Protection and Toxicology, 
Padappai, Madras were maintained on a commercial 
pelleted food (M/s Hindustan Lever Foods, Bangalore) 
and water ad libitum. 

The experimental animals were divided into three 
groups with six animals in each group. Group I served 
as control. Group II animals were ulcer induced. Group 
III animals were pretreated with UL-409 (600 mg/kg 
body wt/day) orally in aqueous suspension. Each animal 
received 1.0 ml of aqueous suspension for 30 days be¬ 
fore the induction of ulcer. After 30 days of pretreat¬ 
ment, all the three groups were deprived of food for 
24 h. Group II and Group III animals were intubated 
with 1.5 ml HCl-ethanol mixture containing 150 mM 
solution in 70% v/v ethanol (1:1) to induce peptic ul- 
cer^^. Ulcer would be developed in 1 h. After 1 h, the 
rats were subjected to mild ether anaesthesia and the 
abdomen was opened through a midline incision. The 
pylorus was secured and ligated with silk sutures after 
which the wound was closed and the animals were al¬ 
lowed to recover from anesthesia. Gastric juice was 
collected for a period of 4 h (ref. 13). Water was with¬ 
held after anesthetization. After 4 h, the rats were killed 
by cervical decapitation and the stomach was removed 
after clamping the oesophagus. The gastric juice was 
collected, centrifuged and the volume was noted. The 
total acidity was determined by titrating with O.l N so¬ 
dium hydroxide using phenolphthalein as an indicator. 
The mucosal tissue was scraped from the stomach and 
used to estimate the activity of pepsin^'^, protein*^ 
hexose and hexosamine^^ and sialic acid^^. The values 
were expressed as mean±S.D. The statistical signifi¬ 
cance difference as analysed by Student’s t test, p values 
were expressed. An analysis of variance is also indi¬ 
cated. 

Experimental peptic ulcer may be assessed on the 
basis of number of gastric mucosal lesions. Ethanol 
causes hemorrhagic and necrotic tissue injuryand the 
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Table 2. Volume and total acidity of gastric juice, activity of pepsin, levels of protein and glyco¬ 
protein in gastric mucosa of the three experimental groups 


Parameter 

Group I 

Group II 

Group III 

ANOVA (f value) 

Gastric juice 

Volume ml/100 g 

3.35±0.11 

7.50 ±0,24“ 

3.50 ± 0.09" 

36.80 

Total acidity p Eq/4 h 

180.0 ±7.02 

362.4 ±9.06“ 

178.2 ±6.21'- 

25.43 

Gastric mucosa 





Pepsin pmol tyrosine liberated/4 h 

648 ±25.31 

600 ± 20.42“ 

630 ±20.82* 

0.98 

Protein mg/g wet tissue 

25.8 ±0.78 

11.8 ±0.30“ 

24.3 ± 0.67* 

64.30 

Hexose mg/g wet tissue 

15.6 ±0.60 

7.60 ±0.30“ 

14.3 ± 0.54* 

40.67 

Hexosamine mg/g wet tissue 

9.32 ±0.25 

4.33 ±0.14“ 

8.99 ± 0,29* 

82.99 

Sialic acid mg/g wet tissue 

2.53 ± 0.06 

0.74 ± 0.02“ 

2.12 ±0.07* 

15.62 


n ~ 6, Values are expressed as the mean ± SEM. 

< 0.001 Group II vs Group I. 

'^p < 0.001 Group III vs Group II. 

^/? < 0.1 Group II vs Group I. 

^p < 0.1 Group III vs Group II. 

number of lesions are indicative of severity^^. Our pre¬ 
vious study with UL-409 has showed that the drug de¬ 
creases the number of ulcerative lesions induced 
experimentally^®, suggesting its combating action to¬ 
wards ulcer. 

Our present study has revealed an increase in volume 
and acidity of the gastric juice of Group II rats. This 
may be due to the increased production of hydrochloric 
acid. Gastric mucosal barrier provided by gastric 
epithelial cells, luminal surfaces and intercellular tight 
junction provide an almost completely impermeable gastric 
mucosal barrier. This barrier can be interrupted by bile ac¬ 
ids, salicylates, ethanol and acid. This results in the back 
diffusion of ions from lumen into gastric tissues which 
cause release of histamine from mast cells, further secretion 
of acid and ulceration^\ Since acid is one of the aggressive 
factors in the production of ulcer, acid inhibition acceler¬ 
ates ulcer healing^^. The decrease in volume of the gastric 
juice with simultaneous decrease in acidity in Group III 
suggests the effect of lJL-409 in ulcer healing. 

Our results showed no significant change in the activ¬ 
ity of mucosal pepsin in both Group II and Group III 
rate when compared to the control rats. Ethanol has been 
reported to inactivate pepsinogen or affect its activation 
to pepsin and it also alters the activity of pepsin^^ The 
lack of effect on the activity of pepsin in Group II rats 
could be due to the effect of ethanol used for the induc¬ 
tion of ulcer which correlates with the above report. 
There is no significant change in the peptic activity in 
Group III when compared with Group II. 

From Table 2 it is also inferred that the levels of gas¬ 
tric mucosal protein and mucosal sugars of Group II rats 
were decreased well when compared with that of Group 
I rats and Group III rats. It has been reported that ul¬ 
cerative lesions of gastrointestinal tract may be associ¬ 
ated with increased loss of protein^"^ and alcohol 
increases the loss of protein in the presence of hydro¬ 
chloric acid^^. These reports support our observation of 


decreased gastric mucosal protein in Group 11. But 
maintenance of near-normal levels of protein in Group 
III rats suggested the cytoprotective nature of UL-409 
by virtue of its ability to reduce the mucosal lesions^®. 

Mucus is said to protect the gastrointestinal tract from 
infective, chemical and physical insults. The glycopro¬ 
tein component of mucus which is responsible for the 
characteristic viscous gel-forming property is believed 
to be important for the functional role of mucus^^. This 
mucosal barrier lessens the stomach wall friction during 
contraction, improves the buffering acid and acts as an 
effective barrier to back diffusion of hydrogen ions . 
The carbohydrate side chains of mucosal glycoprotein 
comprise over 80% by weight of the glycoprotein mole¬ 
cule. Each chain consists of sugars such as fucose, 
hexose, amino sugars and sialic acid^^. Our observation 
of decrease in levels of gastric mucosal sugars and sialic 
acid in Group II correlates with the report which showed 
rapid loss of mucosal glycoprotein when exposed to 
ethanoP^. Such a decrease of mucosal hexose, 
hexosamine and sialic acid was not encountered in 
Group III after the prior treatment with UL-409. By pre¬ 
venting the protective mucus from being degraded by 
HCl-ethanol insult, UL-409 establishes itself as a cyto¬ 
protective drug. 

It has been concluded from the above observations 
that since UL-409 regulates acidity and protects the mu¬ 
cosal barrier, it could be categorized as an antiulcero- 
genic drug. 
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Outbreak of falciparum malaria in 
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On receipt of a report about high prevalence of ma¬ 
laria and deaths in submerged villages of Narayan¬ 
ganj Primary Health Centre (PHC) of district 
Mandla, Central India (Madhya Pradesh) due to 
Bargidam in October-November 1996, an investiga¬ 
tion into the causes was carried out in 20 villages. 
Blood smears from fever cases and contacts of de¬ 
ceased patients were collected. Slide positivity rate 
was over 70%, of which more than 90% was Plas¬ 
modium falciparum. Mass blood surveys of infant 
and pregnant women revealed 39% and 62% parasite 
prevalence rate respectively. More than 80% chil¬ 
dren (2-9 yrs) had enlarged spleen. Such high ma¬ 
laria prevalence appeared to be maintained by 
Anopheles culicifacies 2 Ln 6 . An. fluviatilis which could not 
be suppressed by intensive surveillance, prompt radical 
treatment with 1500 mg chloroquine and 45 mg pri¬ 
maquine and two rounds of special focal spray with 
DDT in October 1996 and January 1997. There is, 
therefore, an urgent need to develop suitable malaria 
control strategy by replacement of insecticides in con¬ 
junction with prompt and effective radical treatment. 

Narmada, an inter-state monsoon river, is the fifth 
largest river of India. Since bulk of the runoff water is 
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generated during the monsoon months (June-September) 
and that too in a few spells of intense and heavy rainfall, 
conservation of water is important to meet the ever¬ 
growing water needs of the society, as more than 80 lakh 
population of Madhya Pradesh (Central India) lives 
along Narmada river and its tributaries. To utilize Nar¬ 
mada waters, it is proposed to construct a series of proj¬ 
ects for irrigation and power generation. Bargi is the 
first completed hydro-electric-cum-irrigation project on 
river Narmada in Jabalpur district in the series. The dam 
is 826.9 m in length and 68.9 m in height. The water 
reservoir is 14556 km^ and command area is 2.544 lakh 
ha. The construction of this multipurpose dam (1974- 
1988) has resulted in the submergence of 162 villages of 
three districts, viz. Jabalpur, Mandla and Seoni. Water 
has been stored in this dam to full capacity since 1990. 
In October-November 1996, there were reports of 109 
deaths due to clinical malaria in some submergence vil¬ 
lages of district Mandla. An investigation into the cause 
of deaths was carried out in 20 villages of Narayanganj 
Primary Health Centre (PHC) from November 1996 to 
March 1997. Results of this study are presented in this 
paper. 

The whole region is a cobweb of peaks of the Maikal 
hills, which forms a broad plateaus of about 2200 km^, 
mostly forest inhabited by tribals. Since the region is a 
hilly-tract, its elevation is very irregular which renders 
the whole area highly undulating. The region is best 
known for the magnificent forests of sal {Shorea ro- 
busta) and teak {Tectona grandis) as seen in Figure 1. 
Study villages are sandwiched between forest and dam 
reservoir as shown in Figure 2. Wild life was rare but 
lion, tiger, bison, etc are still present in the jungle and 
seen occasionally in villages. These villages are gener¬ 
ally located on the slopes of hillocks or on hill 
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Figure I, A completely submerged village, Bhanpur showing undu¬ 
lating terrain, scattered housing and forest. 



Figure 2, Map of Narmada irrigation project showing Bargidam and 
study villages. 

tops adjoining perennial streams about 5-25 km from 
State highway. These are inhabited by tribals (85-100% 
Gond), whose main occupation is agriculture. People 
live clustered together in a small area popularly known 
as tola (hamlets). Dwellings are small, one-room huts 
made of wood and mud. The cattle is kept either in a 
fenced area attached with the huts or cattle and other 
domestic animals are harboured in human dwellings. 
The medical facilities in the study area are non-existent. 
The rainy season is from June to September with an av¬ 
erage annual rainfall of 1500-1800 mm. Road commu¬ 
nication is very poor and during rainy season these 
villages are approachable only by a primitive wooden 
boat prepared locally. 

Blood smears were collected from all fever cases and 
people with history of fever. Blood smears were stained 
with JSB^ and examined in field to provide prompt ma- 
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laria treatment. As per National Malaria Eradication 
Programme (NMEP), adult patients with P. falciparum 
infection were given three tablets of pyralfin fansidar 
(1500 mg sulfadoxine + 75 mg pyrimethamine) + 45 mg 
primaquine (single dose). Children were given propor¬ 
tionately low dosages. Pregnant women were given only 
1500 mg ehloroquine. P. vivax cases were administered 
600 mg ehloroquine followed by 75 mg primaquine 
(15 mg daily for five days). Mass blood surveys of in¬ 
fants (< 1 yr) and pregnant women were undertaken as 
both are highly susceptive to malaria. Both were not 
given primaquine. Since both infants and pregnant 
women are high-risk groups, follow-ups were also made 
to assess the magnitude of the problem and impact of 
antimalarial measures. Spleen enlargement was deter¬ 
mined by Hackett’s method^ in children between 2 and 9 
years’ age. 

Mosquito collections were made twice in the months 
of December and March from the 2 villages. 
Anophelines resting inside 4 fixed houses located in 
different parts of the villages (2 human dwellings and 2 
cattle sheds) were sampled during early morning (0600 
h) for 15 min at each place as per standard techniques^. 
The same collectors caught mosquitoes with flash lights 
and mouth aspirators at each village. 

Mosquitoes were also collected by CDC light traps 
from two villages (other than those selected for indoor 
resting collections) in December and March. Traps were 
always placed at a constant height of 5.5 ft, at fixed lo¬ 
cations, indoors in human dwellings and outdoors near 
occupied human dwellings (6 inside and 6 outside). 
Each trap was emptied manually at hourly intervals until 
morning. The human dwellings were without windows 
but have many eaves, holes and large cracks in the walls 
and roofs. The catch house had been treated with DDT 
(1 gW) in October 1996 and with DDT and pyrethrum 
space spray in January 1997. All the houses in these 
experiments were occupied during the nights of obser¬ 
vations. Mosquitoes collected every hour were kept in 
labelled test tubes and identified in the laboratory using 
standard keys"^’^. Anopheles culicifacies and An. flu- 
viatilis were dissected for the presence of sporozoites in 
salivary glands. Larval surveys were carried out in 
streams, rocky pools and pits, seepages, dam 
water and hoof prints, etc. 

Systematic meteorological records were not available, 
as the only weather recording station is in Mandla - 
about 100 km from the study villages. Thus, humidity 
and temperature were recorded at the collection site. 
Minimum and maximum temperatures during December 
and March are in the range of 0.5-21®C and 8-34°C, 
respectively. Before undertaking investigations, previ¬ 
ous years’ data for the six affected sections was ob¬ 
tained from the District Malaria Officer/Block Medical 
Officer of the PHC which are summarized in Table 1. It 
was revealed that the affected villages were under 
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Table 1. Section-wise (population of 6 affected sections is 

18,715 in 1997 as per NMEP) malaria incidence of submergence area of 
Narayanganj PHC 

Year 

Blood slide 
examination 
(BSE) 

Positive for 
malaria 
parasite 
(+ve) 

Plasmodium Plasmodium 

vivax falciparum 

(Pv) (Pf) 

Slide 

positivity 

rate 

(SPR) 

Slide 

falciparum 

rate 

(SFR) 

Plasmodium 

falciparum 

percentage 

(Pf%) 

1985 

354 

3 

3 

0 

0.9 

0.0 

0.0 

1986 

715 

0 

0 

0 

0.0 

0.0 

0.0 

1987 

808 

3 

0 

3 

0.4 

0.4 

100.0 

1988 

1163 

61 

49 

12 

5.2 

1.0 

19.7 

1989 

1037 

46 

22 

24 

4.4 

2.3 

52.2 

1990 

1008 

16 

16 

0 

1.6 

0.0 

0.0 

1991 

795 

8 

1 

7 

1.0 

0.9 

87.5 

1992 

1545 

112 

13 

99 

7.3 

6.4 

88.4 

1993 

1403 

124 

31 

93 

8.8 

6.6 

75.0 

1994 

699 

0 

0 

0 

0.0 

0.0 

0.0 

1995 

1283 

37 

14 

23 

2.9 

1.8 

62.2 


Source: Block Medical Officer, Narayanganj, Mandla. 


Table 2. Monthly point prevalence surveys in submergence villages (4 completely and 16 partially submerged villages) of Narayanganj PHC 


Month 

Villages 


Children (<14 yrs) 





Adults (>14 yrs) 


BSE 

+ve 

Pv 

Pf 

SPR 

Pf% 

BSE 

+ve 

Pv 

Pf 

SPR 

Pf% 

November 

9 

250 

210 

15 

195 

84.0 

92.9 

379 

290 

3 

287 

76.5 

99.0 

December 

15 

272 

210 

19 

191 

72.2 

91.0 

536 

335 

11 

324 

62.5 

96.7 

January 

8 

46 

33 

2 

31 

71.7 

93.9 

158 

105 

13 

92 

66.5 

87.6 

March ' 

6 

43 

28 

8 

20 

65.1 

71.4 

73 

43 

18 

25 

58.9 

58.1 

Total 

38 

611 

481 

44 

437 

78.7 

90.8 

1146 

773 

45 

728 

67.4 

94.2 


regular DDT spray until 1993. However, due to shortage 
of DDT in 1994 these were sprayed with 3 rounds of 
BHC, while in 1995 these villages were not 
sprayed with any insecticide as the reported API was 
less than 2. 

The following additional nmeasures were implemented 
by State health authorities to check malaria. One special 
round of DDT (1 g/m^) was sprayed in all the 52 af¬ 
fected villages in October-November. Additional sur¬ 
veillance workers, supervisors and technicians were 
posted in the field by establishing field laboratory for 
strengthening surveillance, prompt diagnosis and radical 
treatment (with 1500 mg chloroquine and 45 mg pri¬ 
maquine). Headquarters of one medical officer was 
changed temporarily from Mandla to Singodha, 
one of the worst-affected completely submerged vil¬ 
lages. A team of medical specialists was also deputed in 
the affected area. Furthermore, additional Drug Distri¬ 
bution Centres (DDCs) and Fever Treatment Depot 
(FTDs) were opened and there were frequent visits of 
supervisory staff and senior officers for impact assess¬ 
ment. 

In all, 1757 blood smears were collected from fever 
cases, of which 611 were of children. Table 2 showed 
that 1254 blood smears were positive for malaria, of 
which 481 were of children. The slide positivity rate 
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(SPR) was 71.4% and sXidt falciparum rate (SFR) was 
66.3% (13% were gametocyte carriers). Only 441 chil¬ 
dren were examined for spleen enlargement, of which 
359 had enlarged spleen (81.5%). The average enlarged 
spleen rate was 1.97. Most children (59.5%) with en¬ 
larged spleen were invariably positive for malaria 
parasite. Further during investigation in November, four 
deaths were reported from one Baiga hamlet of village 
Bijegaon. Table 3 revealed that in all 46 residents of 
this hamlet, 45 blood smears were collected, of which 
42 were positive for P. falciparum (Pf). Similarly, death 
of two young children, one male child (IVi yrs) from 
village Patha and one female child (W 2 yrs) from village 
Dehara and death of one woman (55 yrs) from village 
Manegaon was brought into the notice of the research 
team during December. Table 3 showed that blood 
smears of almost all available family members of all 
three families were positive for P. falciparum. Records 
showed that the woman of village Manegaon was posi¬ 
tive for P. falciparum and had taken presumptive treat¬ 
ment but died before taking radical treatment. Thus the 
most likely cause of these deaths was probably 
malaria. 

Further, an in vivo test on 46 P. falciparum cases was 
carried out to find the susceptibility after treatment with 
fansidar. Two cases were found resistant (one each of 
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Table 3. Results of blood smear examination of the family members of the deceased of village Bijegaon, Patha, Manegaon and Dehara 


Bijegaon (Baigatola) Patha Manegaon Dehara 


Age groups - 

(in yrs) BSE 

+ve 

Pf 

SFR 

BSE 

+ve 

Pf 

SFR 

BSE 

+ve 

Pf 

SFR 

BSE 

+ve 

Pf 

SFR 

0-1 

2 

2 

2 

100.00 

_ 

_ 



— 

- 

_ 


- 

- 

- 


>1-4 

4 

4 

4 

100.00 

1 

1 

1 

100.00 

- 

- 

- 


1 

1 

1 

100.00 

5-9 

7 

7 

7 

100.00 

1 

1 

1 

100.00 

2 

2 

2 

100.00 

- 

- 

- 


10-14 

13 

13 

13 

100.00 

- 

- 

- 


1 

1 

1 

100.00 

- 

- 

- 


14-Above 19 

16 

16 

84.21 

3 

3 

3 

100.00 

3 

3 

3 

100.00 

4 

3 

3 

75.00 

Total 

45 

42 

42 

93.30 

5 

5 

5 

100.00 

6 

6 

6 

100.00 

5 

4 

4 

80.00 


Table 4. Month-wise mass survey of infants in 17 submergence villages of Narayanganj PHC 


Month 

Blood slide 
examination 
(BSE) 

Positive for 
malaria 
parasite 

(+V6) 

Plasmodium 

vivax 

(Pv) 

Plasmodium 

falciparum 

(Pf) 

Slide 

positivity 

rate 

(SPR) 

Slide 

falciparum 

rate 

(SFR) 

PUmnodium 

falciparum 

percentage 

(Pf%) 

December 

161 

78 

18 

60 

48.4 

37.3 

76.9 

January 

112 

46 

16 

30 

41.1 

26.8 

65.2 

February 

54 

16 

2 

14 

29.6 

25.9 

87.5 

March 

52 

7 

1 

6 

13.5 

11.5 

85.7 

Total 

379 

147 

37 

110 

38.8 

29.0 

74.8 


RI and RII level) against fansidar during the 28th day 
follow-up. Mean sulfadoxine concentration in plasnaa of 
sensitive cases was 60.59 pg/ml while that of the two 
resistant cases were 58.74 and 69.08 pg/ml respectively 
(Dua, personal communication). Results showed that in 
two cases parasitaemia recurred/persisted despite higher 
sulfadoxine concentration than therapeutical level. 
However, further studies are required to confirm the 
existence of P. falciparum resistance to fansidar in this 
area. 

Table 4 showed that in mass blood surveys of infants, 
379 blood smears were collected from 17 villages, of 
which 147 infants were carrying malaria parasite, 37 
P. vivax (Pv) and 110 P. falciparum. Out of 124 infants 
found positive in December-January, only 80 could be 
followed in February, of which two Pf positive infants 
died and 45 others were again positive for malaria (9 
P. vivax and 36 P. falciparum). 

In the mass survey of pregnant women in 20 villages, 
137 blood smears were made, of which 85 were malaria 
positive (9 P. vivax and 76 P. falciparum). Out of 76 
P, falciparum, 22 were carrying gametocytes along with 
rings. Majority of them (55%) were in third trimester, 
and their followup revealed that out of 44 deliveries, 
still-birth occurred in one case, four neonate died and 
two neonate were found infected with P. falciparum on 
day 10 and day 21 in the month of March. While out of 
28 pregnant women of the second trimester, abortion 
was recorded in 4 cases. 

Table 5 summarizes the results of mosquito collection 
by hand catches (indoor resting), which revealed the 
presence of 6 species of anophelines of which two were 
efficient vectors, i.e. An. culicifacies and An. fluviatilis. 
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Table 5. Mean indoor resting density (Man Hour density, PMH) of 
anophelines in submergence villages of Narayanganj PHC after focal 
spray of DDT (November and January) and Pyrethrum space spray 
(January) 


Species 


Density (PMH) 


December 1996 

March 1997 

Human 

dwellings 

Cattle 

sheds 

Human 

dwellings 

Cattle 

sheds 

An, culicifacies 

0.5 

35.0 

3.0 

51.0 

An. fluviatilis 

0.0 

0.0 

0.5 

0.5 

An, annularis 

0.5 

5.0 

0.0 

13,0 

An. pallidiis 

0.0 

0.0 

0.0 

8.0 

An. theobaldi 

0.0 

2.0 

0.5 

5.5 

An. subpictus 

0.0 

1.5 

0.0 

0.0 

An. vagus 

0.0 

1.5 

0.0 

0.0 

Table 6. Light 

trap catches 

(outdoor/indoor) in submergence 


villages of Narayanganj PHC 




No. of anophelines per trap 



Outdoor 

Indoor 

Species 

December 

March 

December 

March 

An. culicifacies 

3.0 

13.0 

1.5 

5.0 

An. fluviatilis 

0.5 

0.5 

0.0 

L6‘ 

An. annularis 

5.0 

8.5 

1.5 

0.6 

An. pallidas 

1.5 

3.0 

0.0 

0.0 

An. theobaldi 

0.0 

2.0 

0.0 

0.0 

An. splendidus 

2.0 

0.0 

0.0 

0.0 


Table 6 showed light trap catches during December 
and March. Analysis of results revealed that the peak 
hour activities (indoor/outdoor) of both the vectors were 
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between 1800 and 1900 h during December and almost 
nil after 2200 h. In March, peak activities were recorded 
between 1900 and 2000 h and very few mosquitoes were 
caught after 2200 h. 

Out of 283 An. culicifacies and 9 An. fluviatilis dis¬ 
sected, in the months of December and March, neither 
species was found positive for sporozoite. Both the 
species were found breeding in stream, stream bed 
pools, seepages, rocky pits, etc. Besides, both the spe¬ 
cies have established their breeding in receding dam 
water which was used for agriculture as shown in Figure 
3 though the main reservoir was free of larval breeding. 

The epidemiological study of the outbreak from 24 
November to 24 March has revealed the following. 
There was a complete breakdown of surveillance in 
these villages, as a result annual parasite incidence was 
consistently low since 1985 and in the year 1994 not a 
single malaria case was detected from these outbreak- 
affected sections. Hence these villages were not sprayed 
in 1995-96 routinely. The record further showed that 
the prevalence of malaria was almost negligible from 
January to August 1996 just prior to this outbreak in 
September. Therefore in October-November, M.P. gov¬ 
ernment had undertaken focal spray in 52 villages. In 
view of smaller villages and hamlets, all the houses were 
sprayed including all neighbouring villages. The ad¬ 
ministration of fever radical treatment was initiated from 
October by establishing a field laboratory, DDCs and 
FTDs, etc. In view of the seriousness of the outbreak, 
villages were sprayed with DDT again in January 1997 
followed by pyrethrum space spray. However, almost all 
Anopheles species showed an increasing trend in March 
which may be due to favourable weather conditions 
during this time of the year. Thus the low density 
of anopheline in December was not the result of spray¬ 
ing but due to the extreme cold weather. This was 
substantiated by the fact that in adjoining PHC 



Figure 3. Hamlet of completely submerged village, Patha showing 
utilization of receding dam water for agriculture. The nearness of 
houses to the dam resevoir is also evident. This photograph was 
taken during May, the hottest month of the year. 
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Bizadandi, An. culicifacies was highly resistant to both 
DDT and HCH®. 

Enquiries indicated that the incidence of fever in the 
area was at its peak about 6-8 weeks prior to the start¬ 
ing of the investigation. Absenteeism in schools was 98- 
100%. Further, very high infant parasite rates indicate 
active malaria transmission during this period, the cold¬ 
est winter months of the year (Dec.-Jan.). The high 
prevalence of malaria in pregnant women also showed 
the magnitude of the malaria transmission in the area. 
However, this finding of active transmission is not cor¬ 
roborated by the entomological results as during these 
months no infective mosquito was found. Meteorologi¬ 
cally these were not favourable months for malaria as 
the average temperature was below 10°C from Novem¬ 
ber to January. Therefore, further intensive research is 
required about vector behaviour and transmission dy¬ 
namics. 

Investigations further revealed that almost all the 
fever cases had taken radical treatment (chloroquine and 
primaquine) but again majority of these cases suffered 
from malaria. Resistance in P. falciparum against 
chloroquine has been known in Bizadandi, Mandla, 
(adjacent PHC of Narayanganj) since 1988 (ref. 7) and a 
rapid decline in the sensitivity of P. falciparum to 
chloroquine was recorded recently^. It is likely that per¬ 
haps because of chloroquine resistance, the intensive 
surveillance and prompt treatment failed to produce any 
reduction in malaria prevalence and high fever rate in 
these villages as well. Further, it is well known that ma¬ 
laria incidence particularly P. falciparum is very high in 
tribal forested area^’^°, which is very difficult to con¬ 
trol^ Since the study area is hilly with difficult ter¬ 
rain, most of the people infected with the malaria 
parasite remain undetected. The immensity of the op¬ 
erational difficulties and vigilance required can be 
judged from the fact that one village Debar a 
(population, 727) consists of 52 hamlets (2-8 houses). 
Likewise, majority of villages are thinly populated with 
scattered housing divided in geographically discrete 4- 
15 hamlets. Furthermore, with the completion of the 
dam, there was about 20-30% increase in the existing 
population of some villages because of resettlement of 
villagers from the completely submerged areas, conse¬ 
quent to which there was formation of new hamlets 
along with import of different strains of parasite with 
people of different endemicity. Introduction of different 
strains into such an area where malariogenic potential is 
high and which is not approachable for 4-5 months, may 
be likened to the introduction of dry wood into smoul¬ 
dering fire. 

The problem is further compounded by the fact that 
agriculture is rainfed and a single crop is raised. In some 
villages which are under complete submergence, people 
have not left the villages despite receiving compensa¬ 
tion/dues from the government in lieu of their 
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land/houses, because of the availability of naturally 
fertile, irrigated soil (when the water recedes after rain), 
which produces maximum of profit with minimum of 
labour. Moreover, because of the dam, the general water 
level in wells, streams and its tributaries was also raised, 
thereby increasing the breeding potential of vectors 
manifold. People have made their huts on the top of the 
hill, even though the dam reservoir is just a few feet 
away from their huts during rainy season and the whole 
area becomes highly unhygienic and infested with 
snakes, crabs, spiders, leeches, etc. To control malaria 
in these villages, special efforts are required such as, 
surveillance should be tightened throughout the year and 
prompt single dose treatment with fansidar/pyralfin 
(sulfadoxine and pyrimethamine) should be given. For 
this purpose, rapid and accurate new diagnostic tools 
such as the antigen detection dipstick/ICT may be 
used^"^’^^. Further, health education should be given top 
priority so that the community may understand the im¬ 
portance of prompt diagnosis and treatment in preven¬ 
tion of deaths, human suffering and spread of 
transmission. Villages should be sprayed with an effec¬ 
tive insecticide such as deltamethrin or insecticide- 
impregnated curtains should be given, as experience had 
shown that in tribal villages, where insecticide-treated 
bed nets were not effective because of socio-economic 
and cultural factors^^ insecticide-treated curtains were 
quite effective (Singh, personal communication). People 
should also be encouraged to use personal protection 
methods such as skin repellent or neem oil on exposed 
body parts during outdoor sleeping^^. A more lasting 
solution of the problem is to shift these villages to some 
other area away from the dam reservoir. 
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Evaluation of mycobacillin 
formulation for the control of rice 
blast disease 

D. Bhattacharyya and S. K. Bose 

Department of Biochemistry, University College of Science, 
Ballygunge Circular Road, Calcutta 700 019, India 

Field trials on the control of blast disease of rice in¬ 
dicate that the disease was controlled to the extent of 
96% by mycobacillin formulation as against 90%, 
72%, 72%, 76% and 48% by Hinosan, Agrozim, Fuji, 
Topsin, S-1901 and mycobacillin respectively. Effi¬ 
cacy of mycobacillin is thus greatly enhanced by 
formulation. 

MYCOBACILLIN, an antifungal tridecapeptide, was iso¬ 
lated from the culture filtrate of Bacillus subtilis B3 (ref. 
1). Since its isolation, it has been of much interest in our 
laboratory for a number of studies including those on 
chemistry'”^, biosynthesis in vivo and in vitro'^'^, genetic 
analysis of mycobacillin pathway®, mode of action of the 
antibiotic including its use as a membrane probe in re¬ 
lease and uptake’"®, and finally its physiological role in 
the sporulation of the producer organism*®"”. We ob¬ 
served that mycobacillin has only a limited use as a drug 
against dermatophytes”. The compound, however, ap¬ 
pears to be very effective against plant pathogens par¬ 
ticularly Pyricularia oryzae (Cav.). The minimum 
inhibitory concentration (MIC) of the antibiotic against 
P. oryzae (Cav.) is 10 pg/ml (ref. 14). The brown leaf 
spot disease of rice caused by Drechslera oryzae Van 
Breda de Haan (Syn. Helminthosporium oryzae) has 
already been reported to be controlled to the extent of 
55% by foliar spray in the laboratory scale experi¬ 
ments’®. Subsequent experiments showed that mycoba¬ 
cillin is active only topically’®. Hence, a formulation 
was developed according to the method of Bhattacharya 
et al}’’ with the adjuvants (% by g/v), glycerol 1, tween- 
20 1, methyl cellosolve 1 and indole-3-acetic acid 
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Table 1. Analysis of the effect of mycobacillin, mycobacillin formulation and other fungicides on the control of rice blast disease 


Antibiotic or 
fungicides 

Active ingredients 

Concentration 

Per cent disease index + SEM 
Control Experimental 

Per cent disease 
control ± SEM 

Mycobacillin 

Mycobacillin 

250 )ig/ml 

22.86 ±0.52 

11.9 + 0.36 

47.93 ± 1.02 

Mycobacillin formulation 

Mycobacillin 

250 |ig/ml 

37.43 ± 1.99 

1.52 + 0.16 

96.89 + 0.48 

Hinosan 50% EC 

O.Ethyl-s-s-diphenyl-dithiophosphate 

0.1% 

28.76 ±3.03 

2.57 + 0.22 

90.38 + L47 

Fuji 

1.3. Dithiolan-2-yldine malonate 

0.1% 

29.52 ±4.50 

7.05 + 0.98 

72.54 + 5.31 

Agrozim 

Methyl-2-benzimidazole carbamate 

0.1% 

24.28 ± 2.08 

6.39 ± 0.42 

72.07 + 3.93 

Topsin 

Thiophanate methyl 70% W.P. 

0.1% 

21.33 ±0.98 

5.06 ±0.18 

75.89 ± 1.81 

S-1901 

4 Chloro-3-methyl benzothiazolone 

3 g/m^ 

22.09 ± 0.55 

8.96 ±0.62 

59.56 ± 2.92 


Average of five replications/30 plants/replication, p < 0.001. 

Healthy and infected leaves were divided into eight scales from zero to seven depending upon the size of the lesions: 
Per cent disease index (PDI) was calculated as follows: 


Total disease rating of all examined leaves x 100 

PDI =- 

Total number of leaves examined x 7 

PDIcontrol ~ PDltrcutcd 

Per cent disease control (PDC) =- . 

PDIcontrol 

(50 |dg/ml). This formulation exerts its antifungal action 
in vivo^'^. This gave us an opportunity to evaluate the 
formulation of mycobacillin against blast disease of rice 
caused by P. oryzae (Cav.). In this communication, we 
describe experiments performed to evaluate the formu¬ 
lation of mycobacillin for controlling systemic infection 
of blast disease of rice. Since we could not induce the 
disease experimentally on rice plants (data not shown), 
experimental trials were undertaken in Kalimpong, West 
Bengal, India, where the disease is endemic. 

Other fungicides used for comparison were Hinosan 
(Bayer India Ltd.), Agrozim (Gujarat Agro Industries 
Corporation Ltd.), Fuji, Topsin (Motilal Pesticides India 
Pvt. Ltd.), and S-1901 (Rallis India Ltd.). Mycobacillin 
was obtained from the culture filtrate of a strain of Ba¬ 
cillus subtilis B 3 . The rest of the fungicides, which were 
commercially available, were obtained through the 
courtesy of B. D. Sharma, Mycologist, Govt, of West 
Bengal, India. The other chemicals used were of reagent 
grade and were purchased from Indian chemical com¬ 
panies. Rice cultivar ‘Kalomashino’ was used for field 
evaluation. The cultivated rice plants developed blast 
disease as indicated by spindle-shaped spots with ashy 
centers by way of natural infection by P. oryzae (Cav.). 
All the fungicides except S-1901 were applied in the 
form of aqueous solution at a concentration of 0.1%. S- 
1901 was applied (3 g/m^) in the form of powder be¬ 
tween the furrows and thereafter the soil was stirred up 
vigorously. Immediately on the onset of infection, the 
plants were sprayed repeatedly to run off level with 
the help of a chromatographic sprayer. The disease in¬ 
dex was calculated by a modification of the method used 
by Chattopadhyay and Bose^^. The observed data of the 
above experiments were statistically analysed following 
the method of Richterich^^ using the Student’s t test. 

The results of field evaluation experiments are shown 
in Table 1. Mycobacillin alone at a concentration of 


250 |ig/ml controlled naturally-infected rice blast dis¬ 
ease to the extent of 47.93 ± 1.02. Since the SEM of 
per cent disease control (PDC) for only mycobacillin 
treatment was 1.02 as against the SEM values of the 
disease indices 0.36 and 0.52 of the treated and un¬ 
treated groups respectively, the mycobacillin treatment 
for disease control appeared to be very specific if not 
effective. This observation of the specific effect and 
high potency was further extrapolated by the fact that 
when mycobacillin formulation was used, the PDC value 
was of greater magnitude (95.89 ± 0.48) with lower in¬ 
dividual variation (with low SEM, 0.48). The potency of 
mycobacillin formulation was found to be even higher 
than the most frequently used and active fungicide Hi¬ 
nosan, so far as the lowering of disease index was con¬ 
cerned (for mycobacillin formulation PDC was 
95.89 ± 0.48 compared to that of Hinosan, 90.38 ± 1.47, 
/?< 0.001, as in the table). Similar statistical calcula¬ 
tions for other fungicides tested revealed that they were 
less active in the lowering of disease index values than 
mycobacillin formulation and Hinosan. 

Thus, mycobacillin formulation was the most efficient 
among the fungicides tested in the present investigation 
in controlling the blast disease of rice. 
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Influence of superoxide dismutase on 
chromosome aberrations induced by 
bleomycin alone or in combination of 
reduced glutathione 

A. Chatterjee and S. Choudhuri 

Genetics Laboratory, Department of Zoology, North-Eastern Hill 
University, Mawlai, Shillong 793 022, India 

In this study, an attempt has been made to see the 
influence of superoxide dismutase (SOD) on the DNA 
damaging effect of bleomycin (BLM) alone or in 
combination of reduced glutathione (GSH), which 
potentiates BLM action by reducing oxidized BLM. 
Present results in human peripheral lymphocytes 
demonstrate that SOD reduces the clastogenic action 
of BLM alone or in combination with GSH, indicat¬ 
ing involvement of superoxide radicals in induction 
of chromosome aberrations. SOD treatment before 
GSH addition to BLM-treated cells shows better pro¬ 
tective effect and this could be due to scavenging of 
superoxide radicals by SOD which would otherwise 
involve in conversion of Fe{III) to Fe(II) with in¬ 
creased GSH or cysteine level inside the cells. 

Bleomycins (BLM) are glycopeptide antibiotics used 
in cancer chemotherapy. The antitumour activity of 
BLM has been attributed to its ability to cause DNA 
damage^It induces chromosome aberrations (CAs) at 
all stages of cell cycle^ and comparable with those in- 
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duced by X-irradiation'^’^ The mechanism whereby 
BLM exerts cytotoxicity is believed to involve the acti¬ 
vation of molecular oxygen to produce toxic oxygen 
metabolites such as superoxide anion (O 2 ”) (ref. 6). Su¬ 
peroxide dismutase (SOD), an enzyme that scavenges 
02 ", has been reported to reduce the DNA degrading 
activity of BLM*^’^ and its genotoxic effect in CHO 
cells^ However, no data are available on the protective 
effect of SOD against the clastogenic action of BLM 
with respect to CAs induction. Therefore, in the present 
investigation we tested SOD as a protector against CAs 
produced by BLM alone or in combination with reduced 
gluthione (GSH). GSH is a well-known radioprotector 
constitutively present in the cell and plays an important 
role in cellular radioresistance'®’'^. Tumour cells cul¬ 
tured in vitro, in particular those of human origin, were 
shown to contain extremely high levels of GSH ’ , and 
these were made resistant to some anticancer drugs, e.g. 
melphalan, cw-platin and adriamycin'”*’'®. Therefore, it 
is of interest to see the effects of cellular GSH level on 
the cytotoxicities of chemicals like BLM. An attempt 
has been made to increase the level of endogenous GSH 
by treating GSH and GSH-ester exogenously. It has 
been demonstrated''^'’® that increased GSH potentiated 
the clastogenic action of BLM in muntjac and human 
lymphocytes in vitro. This potentiation was attributed to 
GSH acting as a reducing agent in reactivating oxidized 
BLM. Recently it has been shown that depletion of en¬ 
dogenous GSH by buthionine sulfoximine treatment re¬ 
duced the clastogenic action of BLM'® in human 
lymphocytes. Thus in order to see the influence of SOD 
on CAs induction by BLM alone or in combination with 
GSH. we have carried out this study and the results 
show that superoxide radical is a major factor in induc¬ 
ing CAs by BLM with or without GSH. 

Heparinized peripheral blood from 4 healthy male do¬ 
nors were used immediately after venipuncture. These 
samples were cultured in RPMI 1640 medium (Gibco, 
USA) supplemented with 10% heat-inactivated foetal 
calf serum (Biological Industries Ltd., Israel) following 
phytohaemagglutinin (PHA; Gibco, USA) stimulation 
and incubated at 37°C. To obtain differential sister 
chromatid staining, 5 pg ml”' 5-bromodeoxyuridine 
(BrdU; Sigma, USA) was added to the cultures at the 
time of initiation. Cells were harvested at 48 h and col- 
cemid (0.1 pg ml”') was added 2 h prior to that. 

Commercially available bleomycin (Bleocin; Nippon 
Kayaku, Japan) was hydrated with sterilized triple- 
distilled water, from which a fresh working solution of 
lOOpgml”' was prepared by addition of RPMI 1640 
(pH 6.8) just prior to each use, and given to cells to 
make a final concentration of 20, 40 and 60 pg ml '. 
Freshly prepared SOD (Sigma, USA) 40 pg ml”' was 
added 30 min before or after treating the blood with 
BLM, which will be referred to in test as a pre- or a 
post-treatment. In separate sets of experiments, GSH 


693 



RESEARCH COMMUNICATIONS 


Table 1. Influence of SOD on BLM-induced chromosome aberrations in human blood lymphocytes 


Treatment 
{\xg mr^) 

Abt. M 

(%) 

TM 

Exchange 

Aberrations (%) 

Deletion^ Chd. Bk 

Untreated 

01 

090 

0 

01 

00 

BLM (20) 

37 

123 

3 

22 

46 

SOD + BLM 

32 

117 

5 

23 

42 

BLM (40) 

43 

120 

4 

21 

55 

SOD + BLM 

32* 

189 

5 

21 

34 

BLM + SOD 

34 

086 

0 

16 

67 

BLM (60) 

59 

102 

12 

52 

64 

SOD + BLM 

21*** 

117 

8 

154-++ 

29 

SOD 

02 

101 

0 

01 

02 

Untreated 

02 

096 

0 

02 

01 

BLM (20) 

47 

131 

3 

39 

57 

SOD + BLM 

36* 

166 

5 

21++ 

40-'*" 

BLM (40) 

56 

111 

2 

23 

82 

SOD + BLM 

36** 

083 

7 

lU 

6r’"-*‘ 

BLM (60) 

67 

145 

5 

38 

113 

SOD + BLM 

40*** 

136 

7 

29 

45+++ 

Untreated 

01 

085 

0 

00 

01 

BLM (40) 

66 

146 

5 

36 

95 

SOD + BLM 

41 *** 

110 

2 

20 

53^-'”" 

BLM + SOD 

495i«* 

078 

7 

33 

6U'"-" 

SOD 

03 

112 

0 

01 

03 

£, Fragments associated with exchanges have been substracted from the pooled deletions; * 
**/; < 0.01; ***/? < 0.001 contingency %^-test; ‘^p < 0.05, < 0.01, < 0.001 x^-test; 

Aberrant metaphase; TM, Total metaphase. 

/? <0.05, 
Abt. M, 


Table 2. Effect of SOD on potentiation of bleomycin-induced chromosome aberrations by GSH in 

human peripheral lymphocytes 

Experimental 

condition 

Abt. M 

(%) 

TM 

Exchange 

Aberrations (%) 

Deletion*" 

Chd. Bk 

Untreated 

02 

096 

0 

02 

01 

BLM (40 ^g ml"^) 

52 

177 

3 

28 

78 

BLM + GSH 


114 

3 

50-^ 

100^-^^ 

BLM + GSH + SOD 


147 

6 

25+'- 

48+++ 

BLM + SOD -H GSH 

29*** 

076 

5 

12+++ 

33+++ 

BLM (60 pg mr‘) 

63 

112 

6 

32 

91 

BLM + GSH 

71 

119 

5 

52-" 

120-"-"-" 

BLM + GSH H- SOD 

63 

127 

11 

4U 

120 

BLM + SOD + GSH 


087 

6 

28+++ 

72+++ 

Untreated 

01 

090 

0 

00 

01 

BLM (40 pg ml’’) 

56 

111 

2 

23 

82 

BLM + GSH 

53 

109 

2 

22 

84 

BLM + GSH -h SOD 

NR 

- 

- 

- 


BLM + SOD + GSH 

49 

063 

4 

19 

7r 

Untreated 

02 

114 

0 

02 

00 

BLM(40pgmr^) 

41 

205 

2 

13 

55 

BLM + GSH 

39 

141 

2 

23^ 

65-^ 

BLM + GSH + SOD 

40 

128 

2 

23 

60 

BLM + SOD + GSH 

34 

097 

3 

12*^ 

49++ 

**/7 < 0.01, *** p < 0.001 contingency %^-test; '^p < 0.05, '^‘^p < 0.01, "^^^p < 0.001 X^-test at df = 2; 
£, Fragments associated with exchanges have been substracted from the deletions. TM, Total meta- 


phases; NR, Not responded. 
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was used. The amount of reduced glutathione (Sigma, 
USA) required to make a final concentration of 15 mM 
for 1 ml of the blood sample to be treated was weighed 
out, dissolved in 0.1 ml of medium and mixed with 
blood. There were 4 experiments in this set where the 
concentration of BLM was 40 and 60 |-ig ml ^ GSH was 
added 30 min after 40 (Xg ml"^ BLM treatment. When 
GSH was used in combination with SOD, both GSH and 
SOD are treated after BLM treatment. In this experi¬ 
ment, when GSH was added 30 min after BLM treat¬ 
ment and SOD was added further 30 min after GSH 
treatment, it is referred to as SOD post-treatment with 
respect to GSH and when SOD was added 30 min after 
BLM treatment and GSH was added further 30 min after 
SOD treatment, it is called as SOD-pre treatment with 
respect to GSH. In all these cases (BLM, BLM + SOD, 
BLM + GSH, BLM-h GSH + SOD and BLM + SOD 
+ GSH), both BLM and protector were washed off twice 
by fresh prewarmed culture medium after 2 h of BLM 
treatment. 

Chromosome preparations were made from hypotoni- 
cally (KCl, 0.075 M) shocked cells fixed in 1:3 acetic 
acidrmethanol. Differential sister chromatid staining was 
carried out by the method of Goto et Slides were 
coded and CAs were scored as dicentric, ring, deletion 
(both terminal and interstitial) and chromatid break. 
Translocations were not* scored since reciprocal translo¬ 
cation cannot be distinguished without G-banding. 
Metaphases were categorized as in first, second and 
subsequent division cycles based on their differential 
staining patterens and aberrations were scored only from 
first cycle metaphases (Ml) only. 

Data were subjected to statistical analysis using the 
contingency test for the frequency of aberrant meta¬ 
phases. In order to see the statistical significance of the 
differences between the BLM and BLM + SOD groups 
for the frequency of deletions or chromatid breaks, 
simple test (3x2 tables) was used. The actual ob¬ 
served data were used during statistical analyses. The 
mean aberration data along with standard error of the 
mean were plotted by using Microccal Origin imple¬ 
mented on a Toshiba T2100 computer. 

BLM induced CAs have been studied as positive con¬ 
trol to protector-treated cultures in each experiment and 
the results are presented in Table 1. Mean percentage 
with standard error of mean was calculated for each 
point and the values have been plotted in Figure 1. Re¬ 
sults showed that the frequency of aberrant metaphases, 
deletions and chromatid breaks were reduced signifi¬ 
cantly in SOD pre-treated cultures in all the 3 doses of 
BLM. From Figure 1 it is clear that both aberrant meta¬ 
phases and chromatid breaks are protected by SOD pre¬ 
treatment and this protection was better at higher doses 
of BLM. Treatment with SOD after BLM treatment 
(SOD post-treatment) was carried out only with 
40 pg mL^ BLM and the data showed that there was a 
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Figure 1. The frequency of chromatid breaks and aberrant meta¬ 
phases in BLM and SOD + BLM treated sample. Mean ± SEM are 
indicated in all cases. 

definite tendency of protection, however, the degree of 
protection was less than SOD pre-treatment. The re¬ 
arrangement type of aberrations was not altered in any 
of the SOD-treated samples (Table 1). 

Three experiments with BLM 40 pg ml”^ and one ex¬ 
periment with BLM 60 pg mP’ were performed with 
GSH (15 mM) as post-treatment to BLM at Go stage of 
lymphocyte. Results of individual experiments are pre¬ 
sented in Table 2. GSH-post-treatment showed signifi¬ 
cant increase in the frequency of aberrant metaphases in 
one experiment, while the increased frequencies of de¬ 
letions and chromatid breaks were observed in all the 
experiments except one experiment. Presence of SOD, 
in addition to GSH (either 30 min before or after GSH 
addition) showed an overall reduction in the frequency 
of aberrant metaphases as well as in the frequency of 
deletions and chromatid breaks compared to BLM plus 
GSH. Data from each experiment showed that SOD 
treatment after GSH addition reduced the frequency of 
both chromatid breaks and deletions significantly in one 
experiment out of two. The frequency of aberrant meta¬ 
phase also showed significant reduction in one but no 
change in the other. Interestingly, when SOD was added 
before addition of GSH, the significant reduction in the 
frequency of chromatid breaks was observed in all the 
three experiments and for deletions in two experiments. 
The frequency of aberrant metaphases was also showing 
a good tendency of reduction in all the experiments. 
SOD alone did not induce any aberrations. 

In the present study, SOD protected BLM-induced 
CAs except rearrangements which could be attributed to 
its low absolute number. This is in support of the al¬ 
ready proposed view that SOD reduced the DNA de¬ 
grading activity of BLM^’^ SOD being a large molecule, 
penetration through the cell membrane has been dem¬ 
onstrated to be quite slow^°. Since, in radioprotective 
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studies better protective efficiency has been noted when 
the SOD is added 30 min prior to radiation^'in this 
study SOD was added either 30 min before (pre¬ 
treatment) or 30 min after BLM-treatment (post¬ 
treatment). In fact SOD was present simultaneously with 
BLM (2 h in pre-treatment and 1.5 h in post-treatment). 
However, in order to differentiate the two, they are re- 
ferred to as pre- and post-treatment. 

In our results, pre-treatment showed better protection 
than post-treatment. Interestingly, both SOD^° and 
BLM^^ cannot enter the cell easily and SOD pre¬ 
treatment may perhaps impair the entry of BLM into the 
cell than by the post-treatment. This impediment may 
not be through direct binding of SOD to BLM because it 
has been found that rf-labelled BLM does not bind to 
SOD in serum protein^"^. In order to explain the mecha¬ 
nism of protection by SOD, the O 2 " scavenging mecha¬ 
nism which has been proposed earlier^^ is applicable. It 
is known that BLM requires a metal ion cofactor for its- 
activity. It is capable of binding with Fe(II) to yield 
oxygen sensitive complex Fe(II).BLM^^. The oxidation 
of this complex to Fe(III).BLM yields a radical which is 
responsible for DNA damage. Generation of O 2 has 
been confirmed by using a SOD inhibitor, diethyldithio- 
carbamate which greatly increased the susceptibility of 
the cells to BLM cytotoxicity^’. Therefore, like in case 
of radiation, SOD protects chromosomes from BLM 
action by residing on the cellular membrane and remov¬ 
ing the radicals which would otherwise cause membrane 
lipid peroxidation and lead to membrane-mediated 
chromosome damages as proposed by Cerutti et al . 

GSH post-treatment enhanced the frequency of BLM- 
induced chromatid breaks and deletions without any 
significant alteration in the frequency of aberrant meta¬ 
phases. It implies that presence of GSH could not in¬ 
crease the cellular intake of BLM per cell but it 
potentiates the action of BLM at the cellular site. It has 
been reported that DNA chain breakage by BLM in vitro 
is enhanced by sulphydryl agents^^. Such an enhance¬ 
ment at the level of CAs has been reported by Chatterjee 
et al}’^ where they have demonstrated that in presence of 
GSH (15 mM) there was a considerable enhancement in 
the frequency of rearrangements and deletions in 
muntjac lymphocytes. In that study, GSH post-treatment 
showed slightly higher potentiating effect than pre¬ 
treatment. Treatment of cysteine after BLM treatment 
also showed potentiation of BLM-induced CAs^^. There¬ 
fore, in this study we have treated GSH after BLM ad¬ 
dition and the present result showed the similar kind of 
potentiation in human lymphocytes particularly with 
respect to chromatid breaks and deletions but not for 
rearrangements. Presence of reducing agents, such as 
cysteamine, diethyldithiothreitol enhanced the breakage 
of DNA by BLM^\ By reducing the Fe(III).BLM to 
Fe(II),BLM, the mechanism allows multiple radical pro¬ 
duction from a single iron BLM. Therefore, the syner- 
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gistic effects of reducing agent GSH with BLM 
observed in the present study can be explained on the 
basis of the reactivation of the oxidized BLM by a re¬ 
ducing agent. In this context a recent demonstration is 
worth mentioning which showed that depletion of en¬ 
dogenous GSH by buthionine sulfoximine reduced the 
clastogenic action of BLM in human lymphocytes which 
could be explained on the basis of the failure of reacti¬ 
vation of the oxidized BLM by reducing agent GSH 
which is present endogenously^ ^ 

In this study it appears that the radicals which are 
generated due to reduction of Fe(III). BLM to Fe(II). 
BLM by GSH, induced deletions and chromatid breaks 
rather than rearrangements in this system. In order to 
resolve whether O 2 " is involved in the enhancement of 
chromosome breaks by GSH, SOD has been used here 
as scavenger. Both pre- and post-treatment of SOD with 
respect to GSH in BLM-exposed cells showed reduction 
on the potentiating effect of BLM-induced CAs by GSH. 
This indicates the involvement of O 2 " in the process of 
potentiation of BLM-induced CAs by GSH. A similar 
observation indicated that SOD partially reduced thiol- 
mediated enhancement of BLM-induced DNA chain 
breakage^. It has been proposed that DNA-chain break¬ 
age by BLM can be enhanced by at least two kinds of 
chemical mediators, one a superoxide radical and the 
other unidentified. Here better protection by SOD treat¬ 
ment prior to GSH addition could be attributed to scav¬ 
enging of O 2 " by SOD which would otherwise involve in 
conversion of Fe(III) to Fe(II) with increased GSH or 
cysteine level since 10-fold increase in cysteine concen¬ 
tration after GSH-treatment exogenously has been re- 
ported^^. Scavenging of this first generation O 2 '* could 
not be achieved when SOD was added after GSH treat¬ 
ment and thus the degree of protection was less. How¬ 
ever, SOD treatment before GSH brought down the 
frequency of aberrations below the level that is induced 
by BLM alone, indicating that 02~ might be an impor¬ 
tant factor for GSH-mediated potentiation. Nevertheless 
one cannot rule out the possibility of probable impair¬ 
ment of the entry of GSH into the cell by SOD pre¬ 
treatment, since SOD residing on the cell membrane. 

Although thiol compounds like GSH and WR-1065 
may provide protection against some cytotoxic drugs' , 
they enhance the clastogenicity of BLM in Go lympho- 
cytes^’’^"^. It is important to note that several tumours 
have been shown to contain extremely high level of 
GSH*^’^"^. Again it has been reported that the Cu/Zn 
SOD activity was depleted in different types of tumour 
tissues examined in rats and mice'^^. In addition, a de¬ 
crease in Cu/Zn SOD activity has been reported in 
erythrocytes of patients with malignant lymphoma and 
acute leukemia and also in the leukemic blasts from pa¬ 
tients with T or B cell leukemia. Thus treatment with 
BLM to the tumours, having higher GSH level and 
lower SOD level, could be a positive approach to kill 
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tumour cells by inducing large amount of DNA dam¬ 
ages. Therefore, the relative concentration of GSH and 
SOD in normal and tumour cells will be an important 
factor in determining therapeutic index while BLM is 
used as an anticancer drug. 
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Direct development in the 
rhacophorid frog, Philautus variabilis 
(Gunther) 

N. S. Patil and R. D. Kanamadi 

Department of Zoology, Karnatak University, Dharwad 580 003, 
India 

Direct development was observed in the tree frog, 
Philautus variabilis under laboratory conditions at 
25° C temperature and relative humidity 76-85%. 
Eggs were unpigmented creamy white in colour and 
large in size. Development has been divided into 12 
stages. Cleavage started after 7 hours of oviposition. 
Further, the morphological changes during the de¬ 
velopment of eyes, limbs, gills, appearance of pig¬ 
mentation and embryonic behaviour were observed. 
There was no free swimming tadpole stage and the 
froglets hatched after 12 days of development. The 
present study provides evidence of direct develop¬ 
ment for the first time in the tropical Indian anuran. 

Anuran amphibians exhibit a wide variety of reproduc¬ 
tive patterns ranging from the species that lay large 
clutches of small-sized pigmented eggs, which require 
aquatic media for development, to species that lay small 
clutches of large-sized unpigmented eggs which develop 
under terrestrial conditions'’^. It is well known that the 
majority of frogs lay their eggs in water which subse¬ 
quently develop into tadpoles that metamorphose later 
into adults. But in some anurans the larval stage has 
been modified or is totally absent and these forms ex¬ 
hibit direct development*'^. This pattern has evolved in 
major families of frogs'*’^. The species belonging to the 
genus Eleutherodactylus exhibit most advanced type of 
direct development and these have been studied exten- 
sively*’®"*°. From the literature it is apparent that the 
developmental biology studies in India to date are con¬ 
centrated on the anurans that develop into adult via a 
free-swimming tadpole stage. Philautus variabilis is a 
small sized (30 ± 4.5 mm SVL) tree frog. The female 
exhibits parental care by collecting the eggs beneath the 
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abdomen using fore and hind limbs. It also aggressively 
attacks the intruder male to protect the eggs^^ The pres¬ 
ent work was undertaken to record the direct development 
in P. variabilis. To the best of our knowledge this is the 
first report on direct development in Indian anurans. 

During our field studies from 1994 to 96 (June- 
August) in the vicinity of Dharwad (15°17'N; 75°3'E), 
five amplexed pairs of P. variabilis were collected and 
brought to the laboratory. Frogs were released into the 
large terraria which simulated the natural habitat, i.e. 
with damp soil, dead leaves and small plants. Ovulation 
occurred after 8-10 hours and the clutch contained 54- 
62 large eggs. After oviposition, frogs (parents) were 
taken out from the terraria and the eggs were allowed to 
develop. Various developmental stages, i.e. from'fertil¬ 
ized egg to froglet were observed daily with the help of 
dissecting microscope (0.8X/3.2X). Developing stages 
were observed at regular intervals of 24 hours. Stages 
were marked on the basis of 24 hour-intervals. From the 
day of oviposition to the day of complete development, 
each day the developing stages were collected and pre¬ 
served in Bouin’s fluid from a single clutch (62) of 
eggs. Jelly layers were removed for the camera lucida 


ratory temperature which varied between 22 and 24°C 
and a relative humidity of about 76-85%. Observations 
on the live and preserved stages were made. 

Eggs were unpigmented, creamy white in colour, large 
in size and measured 4.1 ± 0.2 mm (N = 30) in diameter. 
After 12 days of development, the tiny froglets with 
remnants of tail came out of the eggs. 

After 7 hours of development, reticulate cleavage fur¬ 
rows appeared. Neural plate (Figure 1 a) and neural 
folds (Figures lb, 2 a) were observed after 25 and 35 h 
of development respectively. Morphological changes in 
the various developing organs such as eyes, limbs, gills, 
tail, appearance of pigmentation and the behaviour of 
the developing embryo were as follows: 

Eyes. Eyes appeared as large anterior bulges in the ce¬ 
phalic region in the Stage 3 (Figures I c, 2 b, c) and be¬ 
came prominent by Stage 4 (Figures Id, 2d, e). These 
bulged areas developed into eyes in the Stage 5 (Figure 
2 g). Pigmentation of the iris began to appear in the 
Stage 6 (Figure 2 k). With the increase in the pigmenta¬ 
tion, iris darkened progressively by Stages ip and 11 
(Figure 2n, o). By Stage 12 the iris became totally dark 


drawings and photography. Eggs developed at the labo- and pupil gained light pigmentation (Figure 2 r). 



Figure 1. Photographs of/*, variabilis embryos, a. Stage 2 (arrow shows neural plate); b. Stage 2 (note the neural groove with neural folds); c. 
Stage 3; d, Stage 4, lateral view; e. Stage 6, dorso lateral view;/, Stage 7, dorsal view; g, Stage 9, dorsal view; h. Stage 10, dorsal view; i. 
Stage 12, dorsal view (note the reduced tail);y, Stage 12, ventral view. 
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Figure 2. Camera lucida drawings of P. variabilis embryos, a, Stage 2 (24 h); b, Stage 3 (48 h), dorsal view; c, Stage 3, lateral view; d. Stage 
4 (72 h), dorsal view; e. Stage 4, lateral view;/, Stage 5 (96 h), dorsal view; g, Stage 5, lateral view; h, Stage 6 (120 h), dorsal view; i, ^ 
lateral view; /, Stage 7 (144 h), dorsal view; k, Stage 7, lateral view; I, Stage 8 (168 h), dorsal view; m, Stage 8, lateral view; w. Stage 9 (192 
h), dorsal view (note elongated tail); o. Stage 10 (216 h), ventral view;/?, Stage 11 (240 h), lateral view; Stage 12 (264 h), dorsal view (note 
the reduction of tail); r, Stage 12, ventral view. Scale line (below a) = 1.00 mm; fb, fore limb bud; hb, hind limb bud; e, eye; mt, membranous 
tail. 


CURRENT SCIENCE, VOL. 73, NO. 8, 25 OCTOBER 1997 


699 









RESEARCH COMMUNICATIONS 


Gills. A pair of gills appeared first time as tiny buds in 
Stage 5 and became distinct by Stage 7. Gills remained 
unbranched and regressed rapidly by Stage 8. Overall 
gills were existing for less than one-fourth of the devel¬ 
opmental period. 

Pigmentation. Melanophores marked their way in the 
developmental process first time in Stage 5 (Figure 2/) 
on the head and trunk region. Later pigmentation was 
restricted to the same areas and also extended between 
the front and hind limbs in the Stage 6 (Figure 2/j, i). It 
began to scatter on both the sides of the mid-dorsal area 
(Figures I f-h, 2j,k). Further, the pigmentation pro¬ 
gressed on the lateral sides and by 10th stage onwards it 
extended to ventral side (Figure 2 n, o). At the time of 
hatching the whole froglet gained the pigmentation. 
However, it was light on limbs and ventral surface as 
compared to the dorsal surface (Figures 1 i, 2 r). 

Limbs. Limbs made their appearance on the 3rd day as 
small buds on the lateral side (Figures 2 b, c). The fore 
and hind limb buds developed simultaneously. At the 
beginning the limb buds appeared as circular swellings 
and were slightly separated from the neural tube (Figure 
2 b). These swellings further increased in size and be¬ 
came more oblong and later joined the trunk by the 
Stages 4 and 5 (Figure Id, 2d, f). Further, the limbs 
began to elongate (Figure 1 e) and by Stage 7 the foot 
paddles, constrictions of elbow and knee joints made 
their appearance (Figures 1/, 2j, k). By 8th Stage the 
nubs/points on three digits on front and hind feet ap¬ 
peared (Figure 2 m). With the progress of the develop¬ 
ment, limbs and toes further elongated and at the time of 
hatching these reached full length (Figure \j). The 
forelimb buds remained smaller than hindlimb buds 
throughout the development. 

Tail. On day 3, development of tail was noticed and it 
adhered to the main body of the embryo (Figure 2 b). It 
was slightly curved on one side. Later the tail curving 
became prominent on one side and it was adhered to the 
body of the embryo until the completion of Stage 4 
(Figures 2d, e). By Stage 5 (Figure 2/) it became to¬ 
tally free from the body. The membranous tail fin devel¬ 
oped in the Stage 5 itself (Figure 2 g). The tail attained 
its maximum size in Stage 8 (Figures 2 I, m) and re¬ 
mained unchanged till Stage 10. From the Stage 11 
(Figure 2 p) the tail began to regress and at the time of 
hatching it was reduced to almost half of its previous 
size. The tail was highly vascularized and the tail fin 
was transluscent throughout the development. It was 
unpigmented except the main stem of the tail of later 
stages. 

Behaviour. In the course of development the behaviour 
of the live embryos was observed. The movement of the 
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embryo began after Stage 2. By the Stage 3, the embryos 
began to rotate within the egg capsules and movement 
continued till the end of the Stage 4 and finally ceased 
by Stage 5. The first evidence of flexing of mid-body 
and tail movement was apparent in the Stage 7. Al¬ 
though the tail thrashing was marked in the Stage 7, it 
became rapid by the Stage 8 and continued through the 
Stage 9. Flexing of the mid-body with limbs was ob¬ 
served by the Stage 10 and continued up to hatching. 

Terrestrial breeding of frogs provides opportunities 
for analysis by both developmental and evolutionary 
biologists'^. Larval stage as a functionally distinct stage 
has been eliminated by some species in almost every 
family of amphibians in all three orders. In caecilians 
this has been accomplished by viviparity, in frogs by 
direct development, and in salamanders by viviparity 
and direct development'. Some species belonging to the 
genera Cryptobatrachus, Hemiphractus, Stefania, Flec- 
tonotus and Gastrotheca are egg-brooding frogs and 
exhibit direct development'^. The most extreme case of 
loss of larval features is found in the genus Eleuthero- 
dactylus. In some species of this genus, external gills 
make fleeting appearance but these never develop at all 
and the gills fail to break through. Gills are highly re¬ 
duced in E. antilensis and E. martinicensis. Eleuthero- 
dactylus coqui possess a pair of prominent gills with 2- 
4 convolutions'^, whereas in P. variabilis gills are 
highly reduced and do not possess any terminal convo¬ 
lutions. In E. coqui as the rapid regression of gills coin¬ 
cides with the appearance of large membranous tail, it is 
reported that the respiratory function is carried out pri¬ 
marily by the tail'^. This may also be the case with P. 
variabilis since the gills not only rapidly regress with 
appearance of membranous tail but also do not possess 
the terminal convolutions. The pigmentation in the pres¬ 
ent species begins by Stage 5. Some species of 
EleutKerodactylus hatch in about 12 days which is con¬ 
sidered to be the most rapid complete development 
known in vertebrates'^. In a similar way, P. variabilis 
froglets hatch in 12 days. The present study suggests 
that there is direct development in the tree frog P. vari¬ 
abilis. 
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Evidence of ductile shearing from the 
extensional crenulation cleavage: 

An example from Zawar area, the 
Aravalli mountain 

T. K. Biswal, Subhasree Nayak, T. R. Harish 
and Smita Unikrishnan 

Department of Earth Sciences, Indian Institute of Technology, 
Mumbai 400 076, India 

Extensional crenulation cleavage marked by asym¬ 
metric kinks and ductile shears occurs at low angle 
to steep Si planes in the mica schist of Zawar area in 
the Aravalli mountain. It is developed due to exten¬ 
sion along the Si planes consequent to large-scale 
ductile shearing. The compressive stress of such 
shearing is deduced to be subhorizontal in NNE-SSW 
direction. Early fold axes assume variable trend due 
to shearing. 

Small-scale microfolds, termed as crenulation, de¬ 
velop on pre-existing slaty cleavage or schistosity due to 
superposed folding. The rocks, with crenulations, have a 
striped appearance due to the preferential localization of 
mica flakes in the limbs-cleavage domain of such folds. 
The cleavage domains are discrete and often marked by 
shear fractures. These constitute the crenulation cleav¬ 
age (CC) and bear similar significance as axial plane 
cleavage. The coarse fold pleats, enriched with quartz, 
between the cleavage domains define microlithons. The 
CC is genetically related to buckling where a multi¬ 
layered sequence undergoes layer parallel shortening . 
Extensional crenulation cleavage (ECC) morphologi¬ 
cally resembles a normal CC. However, they occur at a 
low angle (< 45 °) to s-planes compared to high angle of 
disposition (45° to 90°) of the other^ ECC owes its ori¬ 
gin to shortening normal to s-planes (i.e. extension 
along layering) and the associated microfolds (single or 
conjugate kinks) develop because of shearing . A type 
of internal buckling may also be caused by extension 


along foliation to develop such microfolds^’"^. The ECC 
is synonymous to shear band cleavage or ‘C’ fabric^ in a 
ductile shear zone and is analogous to the structure pro¬ 
posed by Means and William^ with a layer normal short¬ 
ening in salt mica multilayer. We report here ECC from 
Zawar area which evidences ductile shearing in this part 
of the Aravalli mountain. 

Zawar is 35 km south of Udaipur in Rajasthan and is 
well known for Proterozoic Pb-Zn mineral deposit^. The 
area is represented by Aravalli Supergroup of rocks, 
including mica schist, dolomite and quartzite^, which are 
impressed upon by polyphase deformation^'^^ (Figure 
1). Summarily, the area shows the presence of three 
generations of folding. The first generation folds, Fi, are 
isoclinal and predominantly oriented in WNW-ESE di¬ 
rection (Figure lA). The dominant schistosity, S], is 
axial planar to this fold. The F 2 and F 3 folds, represent¬ 
ing the second and third generation structures, are in 
NNE-SSW and WNW-ESE directions respectively. Cre¬ 
nulation and fracture cleavages mark the axial direction 
of F 2 and F 3 folds. This property is used to differentiate 
the F 3 axial planar cleavage from that of Fi, though they 
trend in the same direction. Apart from this, wide-scale 
ductile shearing parallel to the axial plane of F 3 fold is 
observed constituting a prominent ductile shear zone in 
the study area (Figure 1, near Harn Magra). Offsetting 
of the bedding planes and quartz veins, presence of S-C 
fabric and, rotation of fold axis and intersection linea- 
tion of first generation from NNE-SSW direction in the 
east and to northwesterly direction in the west characterize 



Figure 1. Geological map of Zawar area (Insets. Map of India for 
location of Zawar; A, 115 Fi axial plane and Si schistosity, maxi¬ 
mum strikes in WNW-ESE direction, contours:!-3-5-7% of 1 % area; 
B, F 3 conjugate axial planes with the spot Si plane; cti, 02 and CT 3 
indicate the direction of maximum, intermediate and minimum com¬ 
pressive stress respectively. 
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this WNW-ESE striking shear zone. The ECC, which 
constitutes the theme of this paper, occurs in steeply 
dipping mica schist of Harn Mogra and provide meso- 
and microscopic evidence:of ductile shearing during F 3 
folding. 

The F 3 folds occur in very large scale to meso- and 
microscopic crenules and kinks. The cleavage domains 
in the crenules are marked by localization of micas and 
shear fractures. These are discrete and anastomosing in 
nature, bounding well-marked microlithons. From the 
mesoscopic conjugate kinks, the maximum compressive 
stress for F 3 folding is deduced to be subhorizontal in 
NNE-SSW direction (Figure 1 B). The cleavage domain 
subtends a low angle (0 to 30°) with the steep Si planes. 
The flattening direction of shear fractures in this cleav¬ 
age zone lies almost along the S] planes and hence this 
crenulation cleavage is referred to as extensional crenu- 
lation cleavage (ECC). The oblique intersection of anas¬ 
tomosing ECC with Si planes imparts a fish scale or 
button schist^"^ structure, very conspicuous in the area. 
The mesoscopic chevron F 3 folds are traversed by close¬ 
spaced fracture cleavages and through detailed observa¬ 
tion, these folds emerge to be class 2 type^^, i.e. similar 
fold {Ta= 1). This bears resemblance with slip folding 
where the fractures seem to have acted as slip planes. 
Furthermore, while unfolding, the Fi intersection linea- 
tions on the F 3 folded surface trace a curved line, imply¬ 
ing that the F 3 folding is caused probably by 
heterogeneous simple shear. 

The microscopic characters of ECC are as follows: 

1 . The Si-fabric carrying ECC is marked by parallel 
alignment of biotite, muscovite and flattened quartz 
grains. 

2. The ECC is marked by asymmetric kinks and 
monoclinal flexures on Si planes with or without 
shear fractures (Figures 2, 3). The axial plane of 
such kinks makes 15° angle with Si planes, the inter¬ 
limb angle varies between 90"^ and 120° (Figure 2) 
and the steeper limbs carry the cleavage zones 
(ECC). Where shear fractures are abundant (Figure 
3 ) they displace and draw the mica flakes into their 
alignment and the cleavage zones at places merge 
with the Si planes. 

3. The ECC is discontinuous and anastomosing; the 
anastomosing ones enclose lensoidal body providing 
an augen or phacoid texture to the rock (Figure 3). 

4. The microlithon portion is constituted of coarse mica 
and quartz grains (Figure 2). While the quartz grains 
within the microlithons are relatively strain free, they 
are flattened and show strong undulose extinction 
close to the sheared cleavage zones. 

5. The monoclinal flexures of Si planes within two 
bounding ECC resemble a shear zone (Figure 3). The 
shear sense deduced from the acute angle relation¬ 
ship^^ for different spots emerges to be both dextral 
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Figure 2. Photomicrograph of ECC, marked by concentration of 
biotite in the limbs of the microfolds, showing a low angle relation¬ 
ship with Si planes. Microlithon portions are enriched with coarse 
quartz grains (uncrossed). 



Figure 3. Photomicrograph of anastomosing shear fractures (ECC) 
enclosing lensoidal microlithons. Sigmoidal porphyroclasts indicate 
sinistral shear (crossed). 


as well as sinistral. By constructing strain ellipsoid 
for such shear, the elongation is found to lie parallel 
to the Si plane. 

6 . Pyrite grains occur as porphyroclasts flanked by strain 
fringes^ which are arranged asymmetrically to ECC, 
suggesting rotation of the pyrite during shearing. 

7. Pull-apart micas are developed between two shear 
planes, reflecting transtensive condition during 
shearing. 

8 . Neo-chlorite and biotite grains are developed along 
the ECC, demonstrating a slight change in bulk com¬ 
position during its development. 

9. Sigmoidal porphyroclasts, with a sinistral sense of 
shear, are also noticed (Figure 3). 

The high angle orientation of principal compressive 
stress to the Sj planes belies the buckling origin of F 3 
folding. As the ECC is characterized by ductile shearing 
and the flattening direction of such shear remains along 
Si plane, shearing has obviously contributed to its de- 
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velopment. Hence, apart from the microfolds, monocli- 
nal flextures on Si planes are visible within two parallel 
shear planes. The slip nature of mesoscopic F 3 folds, as 
evident from unrollable nature of early lineations, sub¬ 
scribes to shearing phenomenon. These ECC, hence, 
represent the ‘C’ fabric or shear bands^’^ of a ductile 
shear zone. The variation observed in the axial orienta¬ 
tion of Fi and F 2 folds in different parts of the study area 
is primarily attributed to such shearing. This shear zone 
may be parallel to one marked in north of Mochia^^ 
(Figure 1). 
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Bioelectrochemistry: Principles and 
Practice* Volume 4: Bioenergetics. 
P. Graber and G. Milazzo, eds. Birk- 
hauser Verlag, AG, Postfach 133, 
CH4010, Basel, 1997. 539 pp. Price: 
DM298. 


Bioenergetics has always been a fasci¬ 
nating field, for its diverse views, for its 
extraordinary insights in the past, for 
the debates and for its pretensions to 
being more physical in its outlook than 
any other major field in biology. By 
being physical, one does not refer to 
merely the computational (cranking) 
approaches. It lies in its being close to 
that branch of physics that always 
played the Occam’s razor, viz. thermo¬ 
dynamics. This volume no. 4 (wrongly 
referred to as no. 5 in the very intro¬ 
duction) in an informative collection of 
articles. 

The volume starts with an overview, 
essentially pedagogic, by Dieter Walz, 
on nonequilibrium thermodynamics as 
applied to energy conversion, attractive 
to a teacher like me looking for good 
and readable material. Fortunately, I 
could not detect references to vectorial 
cross coefficients. Melandri’s article on 
vectorial transport in fact deals with the 
inhomogeneity of the terrain caused by 
structurally asymmetric enzymes with 
due emphasis. However, little reference 
appears to be made with regard to the 
observed charge anisotropy across 
membranes for most membrane proteins. 
Westerhoff deals with global bioener¬ 
getics outlining the magnitudes of 
fluxes in the overall cycles of carbon, 
food chains even touching on evolution. 
The volume goes on to consider more 
specialized topics of energetics of an¬ 
aerobic and aerobic bacteria before go¬ 
ing on to an exhaustive account of the 
chloroplast and the mitochondrion. 
Cyanobacterial and algal photosystems I 
and II have all been discussed as also 
the cytochromes in some detail. Cyto¬ 
chrome oxidase falls short in view of its 
more recent structure elucidation. 

There is a strange dichotomy emerg¬ 
ing over the years in bioenergetics that 
this books fully bears witness to. Ther¬ 
modynamics is opaque to mechanism. 
Yet we find increasing preoccupation 
with molecular mechanisms that find 
themselves oddly at variance with the 
espoused theories. Take the instance of 


the helicobacter. It was not an issue in 
this particular book since it was pub¬ 
lished recently. Nature, in a recent 
issue, proclaims the achievement stating 
that the positive charges inside the bac¬ 
terium make it escape from the odds of 
survival against an acidic environment 
that this acidophile lives in. Contrast it 
with the chemiosmotic hypothesis. If 
bulk phase protons are to be involved, 
or any protons for that matter wherever 
we try to bury them, the influence of 
acidity and buffers would essentially 
reduce the energetic. competence of 
protons. It is all right to generalize the 
notion of coupling. And yet, action of 
any uncoupler in inhibiting a dissipator 
without inhibiting the generator, a fun¬ 
damental old-fashioned definition, is as 
often violated and we lose sight of sim¬ 
ple chemistry. So we forget that CCCP 
or DNP are also ions and EDTA can act 
as an anion besides its ability to chelate 
Mg^'^. Paul Feyaraband, in a letter to me 
many years ago, observed that physical 
laws were bestowed on mankind from 
the brow of Zeus. There is no explicit 
reason why one should have one effect: 
one cause relationship other than the 
Platonic injunction. On the other hand, 
both of us agreed that Aristotelian no¬ 
tion of multiple causality has much 
meaning in understanding the real 
world. After all Aristotle said that there 
should be at least four causes, the first 
cause, the final cause, the material cause 
and the efficient cause. The heart of 
thermodynamics has also been in that it 
has been possible to define the energetic 
state of a system as a characteristic, 

(p = u + pv - ts ^ 0 ), 

such that embodies a variety of en- 
ergetically-competent intensive factors 
and their conjugate extensive variables. 
The first purpose of thermodynamics 
would be to identify possible causal 
factors (emphasis being on plural) to 
permit and facilitate enquiry and not to 
abridge it to a bare minimum of even a 
singular possibility merely because it is 
considered elegant. Feyaraband also 
reminds us of the view of Niels Bohr 
that elegance is strictly sartorial (i.e. for 
tailors). The identification of existence 
of cross coefficients should precede 
their quantitative contribution and es¬ 
pousal of any theory. This traditional 
wisdom, however, is overshadowed by 


emphasis on molecular explanations. At 
places in the text, various authors do 
mention reservations about the com¬ 
pleteness of molecular explanations but 
this caution loses its punch when di¬ 
luted into a surfeit of molecular expla¬ 
nations. This is the inherent schizoid 
tendency of the current-day bioener- 
geticist. If protons are involved, so be 
it, let us not worry about whether they 
are scalar or vectorial, ionic strength- 
dependent or not or even if they are 
energetically competent or not in so far 
they are there. In that sense the book is 
faithful to the mood. 

An year at Rio, the beaches taught me 
the essence of modern bioenergetics that 
this book effectively summarizes. It 
relates to the use of the bikini: what it 
reveals is interesting... but what it con¬ 
ceals is vital. 

V. Sit ARAM AM 

Department of Biotechnology, 

University of Pune, 

Pune 411 007, India 


Annual Review of Physiology 1997. 
Joseph F. Hoffman and Paul De Weer, 
eds. Annual Reviews Inc., 4139 El 
Camino Way, P. B. No. 10139, Palo 
Alto, California 94303-0139, USA, Vol. 
59. 704 pp. Price: $62 elsewhere $67. 


The special topic for this year’s annual 
review of physiology is mechanosensi- 
tivity and if you are new to the subject 
and require an overview of what it is all 
about, it will be profitable to start from 
the last chapter of the book wherein a 
concise description of the various tech¬ 
niques employed to delineate the recep¬ 
tors, map the network of neurons 
involved, induce mutations and identify 
the role of various proteins in the proc¬ 
ess of transduction of mechanical 
stimuli in the nematode C. elegans, is 
elegantly presented. Conversion of me¬ 
chanical stimuli into electrical impulses 
requires changes in the conduction of 
ions through channels. Interestingly 
such mcchanosensitive channels of large 
conductance (MscL) have been identi¬ 
fied and extracted from the cell mem¬ 
branes of E. coli. Stretch force 
transmitted to the channel through the 
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lipid bilayer after incorporation of the 
channel in liposones was found to alter 
the conductance. Deletion or substitu¬ 
tion of several residues affect channel 
kinetics or its mechanosensitivity. In a 
preceding chapter, the need to exercise 
caution while performing patchclamp 
experiments was sounded, since suction 
or pressure protocols involved in these 
techniques are known to induce mor¬ 
phological alterations. Plasma mem¬ 
brane, for example, may be decoupled 
from the underlying cytoskeleton, 
leading to hypo- or hyper-mechano- 
sensitivity. How do cells themselves 
behave when subjected to mechanical 
stress? Ingber argues that all living cells 
have an internal prestress (pre¬ 
equilibrated stress) like the stress of a 
tensed bow or catapult. He advocates a 
‘tensegrity’ (tensional integrity) model 
of cell. The intracellular cytoskeleton 
interconnects with the underlying extra¬ 
cellular matrix and the neighbouring 
cells through focal adhesion complexes 
at the cell base and by specialized junc¬ 
tional complexes at the lateral cell bor¬ 
ders. Specialized proteins called 
integrins, cadherins and selections are 
involved in these contacts. 

The recurring theme in many chapters 
spanning various systems of physiology 
seems to be channel activity, indicating 
that the study of these channels has 
moved to the forefront of research. A 
case for the involvement of potassium 
channels in detection of oxygen lack has 
been made out. Excised patches from 
glomus cells of the carotid body seem to 
respond to oxygen lack by closure of the 
potassium channels leading to depolari¬ 
zation. Such depolarization is known to 
alter the intracellular calcium concen¬ 
tration, leading to a change in the excit¬ 
ability of the cell. While this may not be 
the only mechanism responsible for 
sensing oxygen lack, it certainly merits 
further study as it raises the interesting 
possibility of alteration of channel pro¬ 
tein structure on interaction with oxy¬ 
gen. Channels whose conductance 
changes with voltage are known as 
rectifier channels. Among these, the 
channels that allow inward flow of po¬ 
tassium ions are known as inwardly- 
rectifying potassium channels (Kir). 
Since the flow was against gradient, the 
rectification was called anomalous. 
Such channels play an important role in 
the maintenance of resting potential in 


the cardiac muscle. Genes encoding 
these channels have been identified and 
cloned. High level expression of these 
channels in Xenopus oocytes has led to 
detailed studies on the mechanism of 
voltage dependency of channel activity. 
Closure of these channels at positive 
potentials results from the blockage of 
the channel by magnesium ions or 
spermine, a polyamine. Chelation of 
polyamines by ATP or by inhibition of 
the key enzyme S-adenosyl methionine 
decarboxylase interferes with Kir chan¬ 
nel function. A variety of stimuli- 
stretch, ATP, pH, voltage, cGMP, nitric 
oxide and protein kinases - seem to be 
involved in the regulation of potassium 
channels in the renal tubules. Arachi- 
donic acid through an unidentified me¬ 
tabolite is involved in regulation of 
potassium channels in the thick ascend¬ 
ing limb of renal tubules. A high potas¬ 
sium intake modifies the apical 
membrane potassium channel activity in 
the cells of collecting ducts, possibly 
through the secretion of aldosterone. 
ATP inside the cell can also affect ei¬ 
ther the channels or ion transporters 
through activation of lipid and protein 
kinases, alteration of cytoskeleton, 
modulation of binding proteins or 
chelation of polyvalent cations. 

Chapters on gastrointestinal physiol¬ 
ogy mainly deal with endocrine aspects. 
Absorbing details on post-translational 
processing of gastrin or its intermedi¬ 
ates, their physiological roles including 
trophic effects, have been described in 
the chapter on G-cell (gastrin-secreting 
cell). Infection by H. pylori through the 
release of ammonia might lead to de¬ 
granulation of G-cells, hypersecretion of 
acid and formation of peptic ulcer. This 
is of relevance to us since a high per¬ 
centage of Indians harbour this organ¬ 
ism in their stomachs. Apart from the G- 
cell, the stomach contains another endo¬ 
crine cell known as the enterochromaf- 
fin like cell (ECL) which releases 
histamine, the prime stimulus of parietal 
cells of the stomach. The interactions 
between various cells of the gastric mu¬ 
cosa have been dealt with in detail. 
Cells that secrete cholecystokinin 
(CCK) are situated in the intestine and 
in the brain, thus endowing this mole¬ 
cule with the dual function of hormone 
and neuropeptide. Recent findings on 
dietary and neuro-endocrine regulation 
of CCK cells and the second messengers 


involved have been explained. Special 
mention of the new proteins that act as 
releasing factors for CCK and are in¬ 
volved in mediation of feedback signals, 
has been made. In the chapter dealing 
with enteroglucagon, actions of the 
peptides derived from the parent mole¬ 
cule proglucagon have been described, 
most notable among them being gluca¬ 
gon-like peptide (GLP-1) which may be 
responsible for the ileal brake effect- 
inhibition of intestinal motility by the 
presence of unabsorbed nutrients in the 
ileum. 

Angiotensin the octapeptide, acts 
through two types of receptors, ATI and 
AT2. But the role of the latter is yet to 
be defined. The ATI receptor mediates 
various responses like hypertophy, hy¬ 
perplasia, hormone synthesis and ion 
transport in the heart, kidney and adre¬ 
nal. It may also be involved in organ 
remodelling. This theme is further 
elaborated in the chapter dealing with 
the response of cardiomyocytes to me¬ 
chanical stress. Stretch of these cells in 
the neonate stimulates a rapid secretion 
of angiotensin which induces cardiac 
hypertrophy. Two chapters are devoted 
to explain the role of endothelium in 
regulating the contractility of the heart 
and the tone of blood vessels. Endo- 
thelin produced by the endothelial cells 
in the heart increases isometric 
force while decreasing the actomyosin 
ATPase activity, thus promoting the 
efficiency of contraction. Endothelial 
cells are involved in mechanotransduc- 
tion of shear stresses on blood vessels 
through modulation of several factors. 

Rapid actions of steroid hormones 
which do not require genetic mecha¬ 
nisms, form the subject matter of one of 
the chapters on endocrinology. These 
include the action of aldosterone on 
lymphocytes, vitamin D3 on epithelial 
cells, progesterone on human sperm and 
of estrogens on blood vessels. These 
effects involve activation of phospholi¬ 
pase C, protein and tyrosine kinases, 
changes in pH and calcium. Mecha¬ 
nisms regulating apoptosis of ovarian 
follicles are detailed in another chapter. 
Gonadotropins, estrogens, cytokines and 
growth factors protect, while TNF-alpha 
and Fas ligand promote apoptosis. 

Biochemists might find the chapters 
dealing with urea synthesis and cathep- 
sin biology useful. Activity of orni¬ 
thine-urea cycle enzymes is found to be 
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higher in aquarians belonging to the 
family Betrachoididae, indicating their 
capacity to synthesize urea. Interesting 
details of rapid switch-over from am¬ 
monia excretion to urea synthesis during 
periods of stress in Gulf toad-fish have 
also been given. Cysteine proteases, 
although thought to be lysosomal me¬ 
diators of protein degradation, play a 
role in apoptosis, pro-hormone process¬ 
ing and extracellular matrix modelling. 
The chapters on respiration seem to deal 
with structural aspects related to 


pulmonary vascular remodelling during 
normal development and in the patho¬ 
genesis of pulmonary hypertension. The 
role of lipofibroblasts found in the in- 
terstitium of the lung, in the develop¬ 
ment of alveoli and in pulmonary 
metabolism has been discussed. 

To me the most remarkable chapter 
appears to be the preface by Clements 
chronicling the discovery, characteriza¬ 
tion and present understanding regard¬ 
ing the role of surfactant. Equally 
exciting is his family history and his 


description of his mother. He says 'With 
a mother like that around you don’t 
need a father’. If you are eager to find 
out her qualities; well! begin at the be¬ 
ginning. 


J. Prakasa Rao 


Depaj'tment of Physiology, 
Christian Medical College, 
Vellore 632 002, India 
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Rutherford and Bohr* 


As every physicist knows, our present 
knowledge of the structure of matter, of 
atoms and nuclei, is built on the foun¬ 
dations laid by Rutherford and Niels 
Bohr early this century. Each of them 
was a great physicist in his own right, 
but their contributions to physics, par¬ 
ticularly in the important period from 
1912 to perhaps 1920 owe much to their 
mutual interaction - we are dealing with 
a ‘two-body problem’, to use current 
jargon. Later their paths separated; 
Rutherford’s primary interest was the 
atomic nucleus, and once he had identi¬ 
fied its role, he left the further explora¬ 
tion of the atom to others, while Bohr 
concentrated on the theory of the atom, 
and for its study developed the quantum 
theory. This was the ‘old’ quantum the¬ 
ory, spectacularly successful in explain¬ 
ing the hydrogen spectrum, but lacking 
logical consistency in mixing classical 
and quantum concepts. He maintained 
an interest in the nucleus, but made 
major contributions to nuclear physics 
only from 1936 on. 

However, even while their fields of 
work were separate, their relations de¬ 
veloped into a close friendship, and in 
their correspondence and in their fre¬ 
quent meetings they continued discuss¬ 
ing the current problems of physics - 
and of the world. In this lecture, de¬ 
voted to the memory of Rutherford, it is 
fitting to try giving an impression of 
this friendship between two very differ¬ 
ent personalities, as it emerges from 
their correspondence. 

, They were indeed very different in 
many ways. Rutherford was outspoken, 
outgoing and direct. He liked his phys¬ 
ics and his experiments simple and de¬ 
scribed his work in simple and concise 
language. He had a loud and booming 
voice, and it is said that in the days 
when counting circuits tended to be 
sensitive to noise, the performance of 
his collaborators’ equipment went 
wrong whenever he entered their re¬ 
search rooms. He made decisions easily 
and firmly, and once a matter was de¬ 
cided, did not give it any further 


♦Text of the Rutherford Memorial Lecture 
delivered by Sir Rudolf Peierls, FRS, on 10 
November 1987 at the National Physical 
Laboratory, New Delhi. 


thought. He could be rude, and even _ 
unreasonable on occasion, but when he 
had cooled off would put matters right 
with a handsome apology. 

Bohr spoke in a quiet voice, hardly 
above a whisper, and listeners had 
trouble understanding him in any lan¬ 
guage. In what he said or wrote he was 
always conscious of the many limita¬ 
tions and conditions that restrict the 
validity of any statement - as he liked to 
express it, ‘Truth and clarity are com¬ 
plementary’-. He was always concerned 
about hurting any person’s feelings, and 
he found great difficulty in making his 
plans, and only too often changed them 
almost as soon as they had been ar¬ 
ranged. 

Yet with these great differences, there 
were also many important similarities. 
Both were capable of enormous enthusi¬ 
asm for a promising idea in physics. 
Both were not deflected by unimportant 
details, but could give painstaking at¬ 
tention to detail when it mattered. Both 
regarded mathematics as an important 
tool in formulating and applying the 
laws of physics, but never as an end in 
itself. Rutherford was fond of making 
disparaging remarks about theoreticians 
who were too attached to formal 
mathematics, so much so that he is 
sometimes believed to have been op¬ 
posed to theory altogether. (His respect 
for Bohr, his friendship with R. H. 
Fowler, and his enthusiastic reception 
of Gamow’s results, disprove this 
story.) Bohr was too polite for such 
remarks, but restricted himself to the 
minimum amount of mathematics in his 
own work. Both were untidy lecturers, 
but would fascinate and stimulate the 
audiences. 

These similarities no doubt caused 
their mutual respect and patience with 
each other’s idiosyncrasies. 

Niels Bohr arrived in Cambridge in 
1911 to work with J, J. Thomson. He 
was a shy but enthusiastic young man of 
26, who had written his Ph D thesis on 
the electron theory of metals, and ex¬ 
pected ‘J. J’, the discoverer of the elec¬ 
tron, and the author of some papers on 
electrons in metals, to be interested in 
his work. In this hope he was disap¬ 
pointed. Thomson probably never read 
his thesis, and certainly was not inter¬ 


ested in discussing it, but suggested 
some rather routine research work, 
which Bohr tackled without enthusiasm. 

Then during a weekend visit to friends 
in Manchester he met Rutherford, the 
physics professor in Manchester, who was 
then 39. They met again when Rutherford 
visited Cambridge. In these encounters 
they took an immediate liking to each 
other, and Bohr asked to be allowed to 
work under Rutherford. He stayed in Man¬ 
chester from March to July 1912. 

The first problem which Rutherford 
suggested to him was the slowing-down 
of charged particles in passing through 
matter. This was a very important prob¬ 
lem, because the main method for de¬ 
termining particle energies was then 
using their range. A study by Darwin 
had assumed the electrons of the me¬ 
dium to be free, and Bohr soon decided 
that this was an unwarranted approxi¬ 
mation. He therefore had to make as¬ 
sumptions about the forces acting on the 
electrons. At first he took the forces to 
be harmonic, a model then favoured 
because of the existence of sharp spec¬ 
tral lines. 

However, Rutherford was then devel¬ 
oping his ideas about the nuclear atom, 
and Bohr, who was impressed by 
Rutherford’s results, found that the as¬ 
sumption of Coulomb forces from a 
central charge gave better results for 
hydrogen. For his problem he had to 
know the orbit of the electron before the 
arrival of the passing particle, and in 
hydrogen it was natural to assume a 
circular orbit. What could one assume 
for the motion of two electrons in he¬ 
lium? Bohr convinced himself that there 
were no stable solutions to this dynami¬ 
cal problem, because one of the elec¬ 
trons could ‘fair into the nucleus, while 
the liberated energy would be carried 
away by the other. This difficulty rein¬ 
forced a suspicion developed earlier in 
his studies of electrons in metals, where 
he showed that classical physics could 
not account for any magnetic properties 
of materials. 

While continuing \to work on the 
slowing-down problem, which retained 
his interest for the rest of his life, his 
thoughts now turned to the structure of 
atoms, and to ways in which the inade¬ 
quate classical picture might be modi- 
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fied by using Planck’s quantum of ac¬ 
tion. A first manuscript showing the 
beginnings of these ideas was written 
before he left Manchester. 

Bohr returned to Copenhagen full of 
enthusiasm. His farewell letter to 
Rutherford said: ‘Your criticisms and 
suggestions have made so many ques¬ 
tions so real for me.’ Further progress 
was slow, because of a heavy teaching 
load. But he kept working both on the 
slowing-down problem and on his new 
ideas. He kept in touch with Rutherford. 
When he worried about slow progress, 
Rutherford comforted: ‘Don’t hurry 
with your second paper; it is not likely 
that anyone else is working on this’. He 
also shares his thoughts on other topical 
problems in physics with the young 
Bohr. He and his pupils were discussing 
the new experiments of von Laue. After 
saying in one letter that the Laue spots 
can be explained by interference... 
nothing to do with wavelength (!), he 
says in the next that X-rays must be 
regarded as some kind of wave motion 
‘but I personally cannot escape from the 
view that the energy must be in concen¬ 
trated form’. In other words, his intui¬ 
tion favoured the quantum theory. 

Meanwhile Bohr’s work developed 
into the well-known Bohr model of the 
atom, eventually published in three fa¬ 
mous papers (called the ‘Trilogy’ by 
Rosenfeld), When the first paper was 
sent to Rutherford, he was impressed by 
the good agreement with many facts, but 
at once put his finger on the main con¬ 
tradiction in the quantum theory: How 
does the electron decide what frequency 
to emit? He added, as a minor criticism: 
‘I think in your endeavour to be clear, 
you have a tendency to make your pa¬ 
pers much too long and a tendency to 
repeat your statements in different parts 
of the paper’. The paper could be cut 
down without sacrificing anything to 
clarity. ‘Long papers have a way of 
frightening readers.’ He added a post¬ 
script: ‘I suppose I may use my judge¬ 
ment in cutting out any matter I 
consider unnecessary?’ 

He did not yet know Bohr well 
enough to realize his attitude to his 
writings, in which he would fight over 
each word as a she-bear over her cubs. 
Bohr had brought to England a transla¬ 
tion of his thesis, but failed to get it 
published because it was considered too 
long. He would not shorten it. So the 


English version of his important work 
on the electron theory of metals existed 
only in a few copies until it appeared in 
1972 in his Collected Works, 

Rutherford’s letter crossed with one in 
which Bohr sent an amended and ex¬ 
panded version of the paper. Rutherford 
tried again: The additions are excellent and 
reasonable, but the paper is too long. Some 
of the discussions should be abbreviated. 
‘As you know it is the custom in England 
to put things very shortly and tersely, in 
contrast to the German method, where it 
appears to be a virtue to be as long-winded 
as possible.’ 

In April 1913 Bohr visited Manches¬ 
ter again to discuss his paper with 
Rutherford. There is no record of this 
discussion, but the paper emerged prac¬ 
tically uncut; Rutherford communicated 
it to the Phil. Mag. 

Rutherford evidently realized the im¬ 
portance of Bohr’s work, and one would 
have expected him to mention this in 
letters to the many other physicists with 
whom he was in correspondence, but the 
only letter I could find was one sent on 
19 April 1913 to K. Fajans, the physical 
chemist in Munich: ‘Bohr of Copenha¬ 
gen has been working at the general 
theory of atoms built on my model and 
appears to have made definite prog¬ 
ress... He is a very capable fellow, and 
there will soon appear a very interesting 
paper by him in the Phil. Mag.' 

In further correspondence about the 
remaining two papers, Bohr is evidently 
aware of Rutherford’s critical attitude. 
On 13 June 1913 he sends the third 
paper, saying ‘I hope I have better suc¬ 
ceeded in making it short.’ '• 

In the summer he visited Manchester 
again for talks with Rutherford. During 
that autumn the British Association 
meeting in Birmingham was to have a 
discussion on radiation, at which H. A. 
Lorentz would be present, and Ruther¬ 
ford arranged for Bohr to be invited. At 
first enthusiastic, Bohr writes in August 
that he will not be able to leave Copen¬ 
hagen, and regrets he cannot come to 
Birmingham. But evidently he was per¬ 
suaded, and in October he writes that he 
was very glad he did come to the meet¬ 
ing. This episode illustrates Bohr’s fre¬ 
quent hesitation in making plans, and 
his inclination to change them at short 
notice, which will recur. Meanwhile 
Bohr’s position at Copenhagen was only 
temporary and involved too much 


teaching and lab. demonstration, Ru¬ 
therford wanted him to come back to 
Manchester as a reader, and broached 
the subject in a very gentle way (20 
May 1914): ‘I am glad that... your posi¬ 
tion in the University of Copenhagen is 
now being considered... we are now 
advertising for a successor (to Darwins 
Readership) at £200. Preliminary enquir¬ 
ies show that not many men of stature are 
available. I should like to get a young fel¬ 
low with some originality in him.’ 

In due course Bohr accepted the 
Readership for a year in the first place. 
He stayed for a second year, after Ru¬ 
therford had asked the University of 
Copenhagen for further leave of absence 
for him: ‘I think the experience that Dr 
Bohr is gaining of the work in a larger 
university will prove of much value to 
him... I should much regret the loss of 
his services to the university here.’ 

From this second, very productive 
Manchester period we have an assess¬ 
ment by Rutherford of Bohr, in reply to 
G. N. Lewis in California, who was 
considering Debye and Bohr for a tem¬ 
porary lectureship. After some favour¬ 
able remarks about Debye, Rutherford 
writes: ‘I regard Bohr as one of the 
coming men in Mathematical Physics, 
and I think he has a better grasp of 
physics than any of the Mathematical 
people I have come across. He is a man 
of great originality and, as you know, 
his work has already attracted wide at¬ 
tention, and I am confident will do so 
even more in the future... He is thor¬ 
oughly au courant of all the modern 
physical problems, and has an extraor¬ 
dinarily wide knowledge of experimen¬ 
tal, as well as of theoretical physics. He 
is a pleasant fellow, speaks English 
quite well, and is quite a clear and in¬ 
teresting lecturer.’ 

Bohr returned to Copenhagen in 1916 
to take up a new professorship for 
which Rutherford wrote a strong letter 
of recommendations, ending ‘Finally I 
would like to state that in my opinion 
Dr Bohr is one of the most promising 
and able of the younger mathematical 
physicists in Europe to-day. I think that 
any University would be fortunate who 
is able to acquire the services of such an 
original and fruitful investigator’. 

The First World War made the corre¬ 
spondence between Manchester and 
Copenhagen difficult, but an exchange 
or letters continued, with Bohr always 
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Rudolf Peierls gave an Academy Lecture entitled ‘Recollection of the early days of quantum mechan¬ 
ics - more about physicists than about physics’ on 26 November 1987. Reproduced below is the intro¬ 
duction given by S. Ramaseshan. 

Rudolf Peierls’ name has become an integral part of modern physics. Every problem he has 
touched he has embellished, whether it be in statistical physics, condensed matter physics or nuclear 
physics. Each of his contributions is seminal and has set the directions for the future. Take for exam¬ 
ple, his work with Landau on the nature and long-range order in one-dimensional and two-dimensional 
systems. This was done decades before it was applied to liquid crystals. Or his work with Bethe on 
short-range order in phase transitions. This was generalized and applied much beyond its original 
context. The problems in quantum theory which he has worked on - indeed the panorama of problems 
he has taken up is really breathtaking. 

There are even more significant aspects of Peierls’ standing amongst his peers. His book on 
Quantum Theory of Solids is the kind that other writers of books and of papers have to consult to be 
sure that they have got everything right. The nine volumes of Landau and Lifshitz form the Bible for 
many theoretical physicists. To be repeatedly cited in this work is the closest one can come to canoni¬ 
zation. Peierls has been so cited. This to me is much better than a long list of medals and honours - 

which also he has. . x* • x 

On a personal note, some of us at the Raman Research Institute consulted him on the scattering of 

positrons by hydrogen atoms with the formation of positronium. It was a lesson and it was a pleasure to 
watch the master at work, reducing the problem to its bare essentials and formulating a scheme of cal¬ 
culations which captured the physics of the problem. 

It was a privilege to be with him, listening to his incomparable science and incomparable stories. It 
was fun and laughter. For example, he told me the story of the great Rutherford’s letter to Neils Bohr 
about his painful knee which had healed. Rutherford - who was known to have driven his students 
wrote; 

‘The pain has gone. I can now kick my students with pleasure - and not with a feeling of painful 

duty.’ 

I found many stories not in his autobiography. So just as he is writing an enlarged second version of 
his now famous Surprises in Theoretical Physics, we should persuade him to write a second version of 

his autobiography with starred stories. ... 

It is not too well known that Rudolf Peierls applied for a position at the Institute in 1933 or 1934 
when he was 26 or 27. Raman tried to support the older Max Born - but that too was in vain. If Rudolf 
Peierls had come it would have been good for the Indian Institute of Science, good for Indian physics - 
however one is not too sure whether it would have been good for Rudolf Peierls. Would he have met all 
the physicists, he talks about? 

Rudolf Peierls tells us how Zuchichi told him: ‘You are getting on in years. You must have known 
many physicists that we only read about. Could you not tell us about them?’. 

This is how the delightful book The Bird of Passage was begum_ 


in the position of the pupil writing to 
his teacher. Reporting on his work in 
November 1916 he says he has been 
‘remembering your often repeated ad¬ 
vice as to the greater use of working out 
special problems than making philoso¬ 
phy’. 

In December 1917 Rutherford writes 
that in spite of many war-time duties he 
occasionally finds some time for re¬ 
search. ‘I have got I think results that 
will ultimately prove of great impor¬ 
tance. I wish you were here to talk mat¬ 
ters over with.’ He describes the early 
experiments on nuclear disintegration 
by alpha particle bombardment. This 
was the beginning of his famous ex¬ 
periments which showed that alpha par¬ 
ticles could knock protons from many 


nuclei, thus causing a transmutation of 
one chemical element into another. 
‘Regard this as private.’ 

As soon as the war was over, Ruther¬ 
ford set about getting a chair for Bohr 
created in Manchester, but wanted to 
make sure that Bohr would be inclined 
to take such an offer seriously. The 
chair would be independent, but ‘on 
account of my grey hair, I would 
probably continue to be director... I 
wish I had you here to discuss the 
meaning of some of my results’. It is 
hard to get firm proofs. ‘Counting 
scintillations is hard on old eyes’ (He 
was then 46). 

To Bohr this letter ‘besides being the 
source of the greatest pleasure to me, 
has at the same time been the object of 


sorrowful considerations’. He feels un¬ 
der an obligation to stay in Copenhagen, 
and work for the development of phys¬ 
ics in Denmark, after the university had 
done for him what they could. ‘At the 
same time I feel very strongly that the 
result will never be the same as if I 
could work with you.’ 

Rutherford pleaded with him to keep 
an open mind until they could talk 
things over, but the problem soon was 
made academic by Rutherford moving 
to Cambridge. Their correspondence 
now settles down to a pattern of ex¬ 
changes about developments in physics 
and local news, (Rutherford in January 
1920 reports that Aston talked about 
isotopes and J. J. Thomson said he did 
not believe the result about chlorine. 
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‘You can imagine that I enjoyed myself 
thoroughly between the two, but I have 
little doubt that Aston is quite correct/) 
After some exchange of letters it is 
arranged that Rutherford will visit 
Copenhagen and be present at the for¬ 
mal opening of Bohr’s new Institute. 
Some delays in the correspondence 
(Rutherford: ‘You are as bad a corre¬ 
spondent as I am, and have not the ex¬ 
cuse of age!’). 

Bohr is eager for the visit. ‘You can 
hardly imagine with what expectation 
and pleasure your visit and lectures are 
looked forward to by all Danish Scien¬ 
tists, and my wife and I only regret that 
Lady Rutherford will not be coming, 
too.’ Rutherford did come in September 
1920, but the new Institute was not yet 
finished. 

The teacher-pupil relation is symbol¬ 
ized in these letters by Rutherford quite 
early changing from ‘Dear Dr. Bohr’ to 
‘Dear Bohr’ and often ‘My dear Bohr’, 
while Bohr kept to a respectful ‘Dear 
Professor Rutherford’. In 1920 he even 
changed to ‘dear Sir Ernest’ (Rutherford 
was knighted in 1914). The address 
‘Dear Rutherford’ appears first only in 
1929. 

A visit by Bohr to Cambridge was 
planned for April, 1921, after the Sol- 
vay conference. There was much corre¬ 
spondence about dates, arrangements 
for lectures, etc., spiced with Ruther¬ 
ford’s remarks about , his work -‘My 
work on knocking H out of atoms goes 
on apace. Several atoms succumb each 
week’. Bohr still sent his papers for 
Rutherford to communicate to the jour¬ 
nals, and often to deal with- the proofs. 
‘I have made a few minor corrections in 
English... and would have liked to make 
more, but I know of old how difficult it 
is to reconstruct the meaning to your 
satisfaction’. Bohr’s note disagreed with 
a theory by Langmuir, and Rutherford 
added: ‘I always felt that Langmuir’s 
ideas were much too descriptive for the 
year of our Lord 1921. They might have 
served in 1911. See you in Brussels (at 
the Solvay conference)’. 

But Bohr could not go to Brussels or 
to England, as he was suffering from 
overwork and was ordered complete 
rest. Rutherford expresses his regrets. ‘I 
am afraid you are too unselfish and 
give too much of your time and energy 
to help other people.’ this was in 
March. 


In May Rutherford enquired about 
Bohr’s health. ‘I trust that Mrs Bohr is 
in proper control of you and will pre¬ 
vent you doing any serious work for the 
next three months... I would feel in¬ 
clined to go for a holiday in the open air 
to a place where you never see a scien¬ 
tific man and where you do nothing but 
eat and read light novels.’ 

In August Bohr thinks he might be 
able to come to Cambridge in October 
or November, but he would like to wait 
a fortnight to confirm this. ‘Being sure 
that you will understand that this form 
of the answer is dictated by the wish not 
to disappoint you once more by late 
alterations.’ 

In September he seems well enough 
but cannot come in October because he 
is working on a new paper, and also 
feels obliged to catch up on his uni¬ 
versity duties neglected while he was 
unwell. Meanwhile he sends another 
note for Nature, remarking hopefully 
if you should not find the language too 
bad I do not think I shall need a proof. 

But Rutherford does not agree: ‘I am 
afraid your English is deteriorating with 
absence from this country’. He has sent 
the note on, but is anxious to see a full 
paper to understand the precise as¬ 
sumptions made in assigning electron 
numbers to the various shells. He adds 
domestic news: His daughter Eileen is 
to marry R. H. Fowler. ‘The couple 
were with us during the vacation, and I 
derived much interest and amusement 
from their ways. You and Mrs Bohr are 
young enough to sympathize with 
them.’ Once again the emphasis on age. 

In another episode, Bohr reports that 
Jacobsen in Copenhagen has obtained 
results on the ‘straggling’ of alpha par¬ 
ticles which differ from those obtained 
by Henderson in Manchester. But in the 
next letter he writes ‘in a very shameful 
mood’. Jacobsen’s work was hurriedly 
prepared and is not reliable. 

In December 1921, Bohr is appointed 
an honorary member of the Royal Insti¬ 
tution. Rutherford writes that as a Pro¬ 
fessor in that Institution he is delighted 
‘that it has seen fit to honour one of my 
old friends’. Bohr answers belatedly 
and, as usual, with excuses. He ac¬ 
knowledges Rutherford’s letters ‘and all 
the honour which has been shown me by 
English societies, which I feel I have 
only deserved very little, but for which I 
am very thankful not least on account of 


this testimony of your friendship for 
me’. A delicate way of saying this was 
no doubt Rutherford’s influence. 

Bohr’s long-delayed visit to Cam¬ 
bridge finally took place in April 1922. 
Following the usual exchange of many 
letters about dates, with Rutherford 
urging: Please let me know at once the 
titles and dates for the lectures. Bohr 
writes five weeks after the visit, apolo¬ 
gizing for his lateness in sending thanks 
‘for the kindness you and Lady Ruther¬ 
ford showed me during my stay in your 
house. I feel it very difficult to express 
myself, but I am thinking very often of 
Cambridge and of your home and labo¬ 
ratory, and the way you looked after me 
in small and big things in both places’. 

On the question whether Kramers, 
then Bohr’s assistant, could be invited 
to spend a term in Cambridge, Ruther¬ 
ford says he would like to do so, but 
funds are short. ‘I must be just before I 
am generous.’ 

To his telegram of congratulations on 
the Nobel Prize in late 1922, Bohr re¬ 
plies ‘I have felt so strongly how much I 
owe to you, not only for your direct 
influence on my work and your inspira¬ 
tion, but also for your friendship in 
these 12 years since I had the great for¬ 
tune to meet you in Manchester’. He is 
sad not having written for so long. ‘I 
took your rebuke for only writing sel¬ 
dom as not, the smallest sign of your 
friendship’. He ends ‘Yours ever, Niels 
Bohr, who will do his best to improve in 
writing’. 

This letter crossed with one from 
Rutherford, following up his telegram. 
It is now his turn to apologize for writ¬ 
ing late, because he was busy. On the 
prize ‘I knew it was merely a question 
of time, but there is nothing like the 
accomplished fact’. 

Bohr’s theory had predicted the exis¬ 
tence and properties of a new element, 
and this was discovered by Hevesy and 
Coster in Copenhagen in 1922; it was 
called hafnium. Rutherford wrote to 
congratulate Hevesy on this ‘admirable 
example of the cooperation between 
theory and experiment’. He adds: ‘I am 
sure it is highly gratifying to Bohr, even 
if he tries to suppress it’. He knew of 
course that this letter would be shown to 
Bohr, with the gentle teasing of Bohr’s 
modesty. 

There was controversy about the dis¬ 
covery, with some chemists claiming 
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they had found the new element earlier. 
Rutherford sympathized with Bohr’s 
Institute. He calls Scott, who made such 
a claim ‘a well-known rather elderly 
chemist’ and says the Times editorial on 
the matter 'is very wrong and silly. One 
need pay no attention to such irrespon¬ 
sible utterances’. Bohr had sent him a 
letter by Hevesy and Coster for Nature. 
They have now found that Scott’s 
preparation contained no trace of haf¬ 
nium, so the letter should be re-worded. 
Rutherford made the changes, and also 
made changes in one paragraph, which 
was poor English. T think it now reads 
very well and is certainly a document of 
an explosive character.’ ‘I quite agree... 
that Urbain has not a leg to stand on.’ 

In February, 1923 Rutherford had his 
first grandson, and this again induced 
thoughts about age. T ought to feel in¬ 
credibly ancient now that I have turned 
into a grandfather, but I still have some 
kick left in me.’ A few days later he has 
evidently forgotten that he wrote about 
this. ‘Have you heard about Eileen’s 
son? Great amusement over my trans¬ 
formation into a grandfather.’ 

An embarrassing situation arises 
when Bohr is offered an honorary de¬ 
gree by Manchester, but says he is un¬ 
able to come to Manchester on the 
proposed day. As it happens he is also 
offered an honorary degree by Cam¬ 
bridge, and thinks he cannot get there 
either, but asks the advise of Ruther¬ 
ford, who explains that honorary de¬ 
grees are not conferred in absentia, and 
declining the invitation to the ceremony 
amounts to declining the degree. Bohr, 
always most punctilious about etiquette, 
is horrified and agrees to come to Cam¬ 
bridge. He asks for Rutherford’s help in 
reconciling Manchester. A kind word 
from Rutherford results in agreement to 
hold a ceremony later in the year. As far 
as the letters show, this seems to have 
been postponed again to May, when 
however Bohr suffered again from 
overwork, and had to cancel his trip. It 
seems the Manchester degree was not 
awarded, after all. But he did come to 
Cambridge, and sent afterwards his 
usual fulsome letter of thanks. 

Rutherford was still trying to get 
Bohr for a full-time position in Cam¬ 
bridge, and in July 1923 the Royal So¬ 
ciety, no doubt on his instigation, 
offered Bohr a research professorship. 
Bohr was tempted, but felt he could not 


desert Copenhagen and Danish physics. 
A compromise solution, by which he 
would share his time between Copenha¬ 
gen and Cambridge, was explored, but 
as Rutherford suspected, proved unac¬ 
ceptable to the Royal Society. Ruther¬ 
ford did not lose hope. ‘If the whole 
matter should break down, there are 
possibly other more private arrange¬ 
ments that might be made, but the 
stumbling block is the lack of funds in 
Cambridge to finance new ventures.’ He 
never overcame this 'stumbling block’. 

When in 1924 Bohr was again or¬ 
dered to rest, Rutherford wrote ‘You 
know that it is my opinion • that you 
work far too hard for your health, and 
you would do just as much good work if 
you took matters easily. This is the ad¬ 
vice of a grandfather, but nevertheless 
good, as I have found in my own expe¬ 
rience’ . 

Things continued on an even keel. 
Bohr was elected a Foreign Member of 
the Royal Society, which Rutherford 
welcomed, particularly as this was dur¬ 
ing his presidency. ‘You will soon be 
getting a little wearied in having to 
write letters of thanks for these scien¬ 
tific distinctions.’ 

Seyeral further visits to Cambridge 
include one following the Faraday Lec¬ 
ture in London. Rutherford has heard 
about Bohr’s intentions for that lecture: 
‘I hear you are on the war path and 
wanting to upset the Conservation of 
Energy... I will wait and see before ex¬ 
pressing an opinion, but I always feel 
‘there are more things in Heaven and 
Earth than are dreamt of in our philoso¬ 
phy’. His caution was justified- Bohr’s 
views on energy conservation were not 
confirmed. 

After a visit in 1930, and the usual 
letter of thanks, Rutherford writes: ‘I 
can assure you that we were all de¬ 
lighted to see you, and that you need not 
be over modest about your lectures, 
which went off excellently’. 

In 1931 Rutherford was elevated to 
the peerage about the same time that his 
daughter, Eileen Fowler, died after the 
birth of a child. Bohr wrote about the 
peerage ‘To all scientists, and especially 
to your old pupils, this great distinction 
will stand as a symbol of the new epoch 
in science which you have created, and 
which has so deeply influenced the life 
of us all.... Thinking of those twenty 
years in which you and your family have 


shown us so much friendship, my wife 
and I send you and Lady Rutherford 
many thoughts of gratitude and deep 
sympathy in your great sorrow’. 

Rutherford replies separately to the 
congratulations: ‘... good of you to 
write such a cordial letter about my 
recent transformation. As ydu may 
guess it is not the type of distinction 
that appeals to me very much, but I am 
sure it was meant as a recognition of the 
importance of science to the community 
and thus was very difficult to refuse.’ 

There was another letter about 
Eileen’s death. Rutherford writes ‘Just a 
line to thank you for your kind note of 
sympathy from your wife and yourself. 
Fowler gave some lectures at the Poin¬ 
care Institute and has now returned to 
(his) house. Mrs Cook - as before will 
look after the house and children, at any 
rate for the moment. Fowler has stood 
the strain well so far. The baby, in the 
charge of a Truby King nurse, is fluor- 
ishing’. The matter-of-fact tone of this 
letter must have been hiding great grief. 

In 1932, the year of momentous de¬ 
velopments in Cambridge, Rutherford 
writes ‘it never rains but it pours’. He 
comments on the discovery of the neu¬ 
tron, and goes on to Copkcroft and 
Walton’s experiments on disintegration 
with accelerated protons. ‘I am very 
pleased that the energy and.expense in 
getting high potentials has been re¬ 
warded by definite and interesting re¬ 
sults... Actually they ought to have 
observed the effect a year or so ago, but 
they did not try it in the right way.’ 

In September, 1932, Rutherford vis¬ 
ited Copenhagen. He asked Bohr if a 
grant towards expenses could be ar¬ 
ranged, and this was done. After the 
visit he sent a letter of thanks: ‘I look 
back on my stay with you and your good 
wife with the,greatest pleasure’. A very 
different style from Bohr’s letters on such 
occasions, but not less enthusiastic. 

A little later he ends a letter about 
physics Tlease give my love to Marga- 
retta and remembrances to your, boys’. 
This is the first time he refers to Mrs 
Margrethe Bohr by a first name, though 
he gets it slightly wrong. But it is cor¬ 
rect on the next occasion. 

In October, 1933 they met at the Sol- 
vay conference in Brussels, and both 
had unfortunate experiences on the way 
home. Bohr had a bad cold while stay¬ 
ing in Paris, Rutherford had some trou- 
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ble with his knee, and Lady Rutherford 
was unwell. Rutherford did not enjoy 
the conference. ‘I have come to the 
conclusion that conferences on the con¬ 
tinent are much too harassing for any¬ 
one over the age of 60, and it is going to 
take a good deal of persuasion to get me 
to go to another. There is too much of 
an idea of getting value for your money 
by turning a conference into a tread¬ 
mill.... I thought the conference a suc¬ 
cess, but much too big and fatiguing for 
elderly people like myself who believe 
in action other than in talk’. A little 
later he reports that his knee is better, 
‘and I hope soon to kick my students 
not only as a painful duty but with 
pleasure!’ 

In 1934, a great tragedy affected the 
Bohr family, when their eldest son 
Christian was drowned on a sailing trip. 
Presumably Rutherford wrote on this 
occasion, but his letter is not in the sci¬ 
entific archives. He wrote to Hevesy 
‘we were all very disturbed about the 
loss of Bohr’s eldest son. I hope it will 
not have too much of a reaction on 
them’. And later: ‘I am very sorry to 
hear of your impression of the effect of 
the tragedy on Mrs Bohr. It may only be 
temporary and time is a great healer’. 

In 1934, Kapitza was not allowed to 
return to Cambridge from his summer 
holiday in the USSR, to everybody’s 
concern and particularly Rutherford’s. 
He writes to Bohr: Don’t believe what 
you hear. ‘Governments are as a whole 
pretty bad, but I think the USSR can 
give them all points on mendacity’. He 
keeps Bohr informed about develop¬ 
ments in this affair. 

Meanwhile Bohr again had to cancel 
a visit because he was overworked. 
Rutherford writes he hopes Bohr will 
soon be himself again. ‘You are much 


too young to be feeling tired. You must 
leave that to old buffers like myself - 
but I am glad to say I have not reached 
that stage yet.’ 

Bohr acknowledges good wishes on 
his 50th birthday: ‘A 50th birthday is a 
very small occasion which is mostly apt 
to remind oneself that one is no longer 
quite young, and still has not reached 
any age which in itself calls for a ven¬ 
eration from younger ones. Just in this 
respect I feel every year greater admira¬ 
tion for the marvellous power with 
which you set an example to the world 
of untiring creative activity.’ 

In October 1935, Bohr seems to have 
had more trouble with his health. 
Rutherford, slightly teasing, writes he is 
sorry to hear of jaundice and rheuma¬ 
tism. ‘Did you examine your jaundiced 
family by the spectroscope to see 
whether the ‘D’ lines stand out 
plaintly?’ It has now been decided to 
give up hope of Kapitza’s return to 
Cambridge and instead to help him start 
his work in Moscow. This ‘has meant a 
great deal of extra work, as I have to 
keep the Managing Committee, the Uni¬ 
versity, the Royal Society, the DSIR and 
the USSR all in grand fettle. It is strange 
team to be driving along the road’. 

At the end of 1935, Bohr made his 
important contribution to nuclear phys¬ 
ics, the concept of the compound nu¬ 
cleus. He visited Cambridge early in 
1936. Rutherford immediately saw the 
point of his idea and gave a very ade¬ 
quate summary in a letter to Max Born. 
But he was again impatient for quanti¬ 
tative detail. In a letter to Hevesy: ‘I am 
looking forward to Bohr’s paper on 
nuclear constitution... I gathered that he 
was publishing a more detailed account 
at once, but I suppose we shall have to 
wait, and he will take a good long time 


to think matters over before the paper 
finally appears’. 

The last letters, in 1937, deal with the 
arrangements for a meeting in India, to 
which Rutherford hoped Bohr would 
accompany them. He died before the 
date of the trip. 

In a very moving letter to Bohr after 
Rutherford’s death, Kapitza wrote 
‘From his words I always gathered that 
he liked you the most amongst all his 
pupils, and to be sincere I was always a 
little jealous of you. But now it is 
gone’. 

It is not necessary to decide if 
Kapitza was right, or if there were oth¬ 
ers of whom Rutherford was equally 
fond, but from the letters it is clear that 
he and Bohr had become very close 
friends, and for each it had become very 
important to exchange views with the 
other about physics and about the 
world. Rutherford is reported to have 
said once that he could do research at 
the North Pole. This was in relation to a 
laboratory and equipment, but I do not 
believe he meant that his research would 
go on efficiently if he was isolated. 
There are, indeed, a few scientists who 
can work on their own without any need 
for personal contacts, but they are few, 
and they are always in danger of getting 
out of touch with the development of 
their subject. The Rutherford and Bohr 
type thrive on contacts. They are kept 
going by their own initiative, but they 
must share their knowledge and their 
discoveries with friends and colleagues. 

There is no means of knowing 
whether our physics today would be any 
poorer if Bohr and Rutherford had not 
met, but they certainly felt sure that they 
were helped along by each other. I think 
therefore we should be grateful for this 
unique relationship. 


Edited and published by Prof. P. Balaram and Prof. S. Ramaseshan, Current Science Association, Bangalore 560 080. 
Typeset by WINTECS TYPESETTERS (Ph: 3327311), Bangalore 560 021, Printed at Printek Printers, Bangalore (Ph: 3357763). 
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BIRBAL SAHNI INSTITUTE OF 

PALAEOBOTANY, 

LUCKNOW 




PUBLICATIONS AVAILABLE FOR SALE 

1. THE PALAEOBOANIST 



Volume 14, 1965, Rs 60 ($13.50) 

Volume 33, 1984, Rs 200 ($54.00) 

Volume 15 (1, 2), 1966, Rs 40 ($09.00) 

Volume 34, 1985, Rs 300 ($80.00) 

Volume 21, 1972, Rs 100 ($18.00) 

Volume 35, 1986, Rs 300 ($80.00) 

Volume 22, 1973, Rs 100 ($18.00) 

Volume 36, 1987, Rs 600 ($150.00) 

Volume 23, 1974, Rs 100 ($18.00) 

Volume 37, 1988, Rs 900 ($90.00) 

Volume 24, 1975, Rs 100 ($18.00) 

Volume 28, 1989, Rs 900 ($90.00) 

Volume 25, 1976, Rs 150 ($45.00) 

Volume 39, 1990, Rs 900 ($90.00) 

Volume 26, 1977, Rs 120 ($30.00) 

Volume 40, 1991, Rs 900 ($90.00) 

Volume 27, 1978, Rs 120 ($30.00) 

Volume 41, 1992, Rs 900 ($90.00) 

Volume 28, 1979, Rs 240 ($60.00) 

Volume 42, 1993, Rs 900 ($90.00) 

Volume 29, 1980, Rs 240 ($60.00) 

Volume 43, 1994, Rs 900 ($90.00) 

Volume 30, 1981, Rs 120 ($30.00) 

Volume 44, 1995, Rs 900 ($90.00) 

Volume 31, 1982, Rs 120 ($30.00) 

Volume 45, 1996, Rs 750 ($105.00) 

Volume 32, 1983, Rs 120 ($30.00) 

Volume 46 (1,2), 1997, Rs 750 ($105.00) 

2. Revision of the Indian Species of Glossopteris 

1979 

Rs 300 ($ 60.00) 

3. Indian Gondwana Annotated Synopsis 

1994 


Volume 1 (Palynology-Biopetrology) 


Rs 150 ($15.00) 

Volume II (Permian Megaplants, Mesozoic megaplants) 

Rs 150 ($15.00) 

4. Coaliferous Resources of India 

1995 

Rs 550 ($30.00) 

5. A Catalogue of Fossil Plants from India 

1991 


(11 Numbers) 



1. Archaean & Proterozoic Palaeobiology 

1991 

Rs 95 ($10.00) 

2. Palaeozoic & Mesozoic Megafossils 

1991 

Rs 160 ($15.00) 

3. A. Palaeozoic & Mesozoic spore and pollen 

1991 

Rs 320 ($25.00) 

B. Palaeozoic & Mesozoic Megaspores 



4. Cenozoic (Tertiary) Megafossil 

1991 

Rs 110 ($10.00) 

5. Cenozoic (Tertiary) A. Spore & Pollen; B. Fungi 

1991 

Rs 290 ($20.00) 

6. Cenozoic (Quaternary) Palynology & Palaeobotany 

1991 

Rs 110 ($10.00) 

7. Dinoflagellates 

1991 

Rs 115 ($10.00) 

8. Diatoms & Silicoflagellates 

1991 

Rs 100 ($10.00) 

9. Nannoplankton 

1991 

Rs 80 ($05.00) 

10. Calcareous Algae 

1991 

Rs 55 ($05.00) 

11. Archaeobotany 

1991 

Rs 80 ($05.00) 

50% DISCOUNT ON PUBLICATIONS PRINTED UP TO MARCH 1993 

Payments be made by BANK DRAFT in advance in 

favour 

of DIRECTOR, BIRBAL SAHNI 

INSTITUTE OF PALAEOBOTANY and sent to Registrar, Birbal Sahni Institute of Palaeobotany, 53, 

University Road, Lucknow 226 007. 
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COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH 
(CSIR) NEW DELHI, INDIA 


ADVERTISEMENT NO. 11/97 


POSITION: DIRECTOR, STRUCTURAL ENGINEERING RESEARCH CENTRE (SERC), 

GHAZIABAD 

CSIR, the premier agency established by the Govt, of India to undertake scientific and industrial 
research in the country, is looking for a suitable scientist/technologist for the post of Director for 
Structural Engineering Research Centre (SERC), Ghaziabad. SERC is devoted to undertake basic 
and applied research on various aspects of structural engineering, e.g. bridge engineering, tall 
structures, wind engineering and special structures, natural disaster mitigating and material science; 
to take up sponsored R&D work for public and private organizations, especialiy with regard to 
computer-aided analysis and design, monitoring of important bridges and other structures by actual 
field measurements, tests on special models, etc.; to develop comprehensive computer software for 
structural engineering applications. The major R&D programmes of the Centre are in the areas of tali 
and large span structures, especially on analysis and design of superstructures of bridges, their 
aerodynamic behaviour, performance monitoring and diagnostic of existing bridges. 

The post carries the pay scale of Rs 5900-200-7300 (to be revised) plus allowance as 
admissible to Council officials. The appointment to the post will be on contract for a period of six 
years or superannuation, whichever is earlier. 

For further details, please contact the Director-General, CSIR, Rafi Marg, New Delhi 110 001, 
India (Fax: 3710618, Telex: 031-65202 CSIR IN, 031-66147 CSIRIN, Gram CONSEARCH, 
New Delhi). 

Interested candidates may send their complete biodata by 30 November 1997 to the Director- 
General, CSIR, Rafi Marg, New Delhi 110 001. 


UNIVERSITY OF PUNE 

Recruitment of Junior/Senior Research Fellow 

Applications are invited for the Junior/Senior Research Fellow (JRF/SRF) to work on the project 
‘High Resolution Studies of Intermetallic Systems’, by the Department of Atomic Energy, 
Government of India. The project is approved for three years from 1997 to 98 under Prof. D. S. Joag 
in collaboration with MSD, BARC, Trombay, Mumbai, Dr P. Mukhopadhyay is the Principal 
Collaborator. 

Qualifications: 

(a) J.R.F. : Essential - M Sc (Physics/Electronic Science) with at least high second class 

(candidates awaiting results can also apply). 

(b) S.R.F. : MSc (Physics/Electronic Science) with at least high second class. Approximately 

two years experience, with publication(s) in Experimental Physics. 

Fellowship : As per DAE rules (Rs 2500/- p.m. for JRF and Rs 2800/- p.m. for SRF). 

Applications on plain paper giving bio-data and details of academic career should reach Dr D. S. 
Joag, Department of Physics, University of Pune, Pune 411 007 along with a self-addressed 
envelope on or before 31 October 1997. 

Advt. No.: 42 Subhaschandra Bhosale 

Date: 13 September 1997 Registrar 
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INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 

Faculty Positions at the level of Assistant Professor are open to Indian citizens at the Centre for 
Theoretical Studies in areas of theoretical high energy physics and phenomenology, quantum field 
theory, string theory, mathematical physics, interface areas between particle physics and nuclear 
physics/astrophysics. The present faculty of the Centre consists of N, Mukunda, J. Pasupathy, R. 
Godbole, D. Sen, A. Patel, G. Rangarajan, S. Jain and B. Ananthanarayan. 

Applicants should have Ph D with First Class in the preceding degree, 3 years of post-doctoral 
experience (relaxable in exceptional cases) and an outstanding research record, potential for 
independent research and academic leadership. The total emoluments at the minimum of the scale 
of Rs 3700-125-4950-150-5700 (likely to be revised) are around Rs 1,32,000 per annum. Applicants 
may send curriculum vitae with a list of publications, important reprints, research plan for future work 
and names of at least three referees with their address including Fax and E-mail address to 
Prof S. V. Subramanyam, Chairman, Division of Mathematical & Physical Sciences, 
Indian Institute of Science, Bangalore 560 012, India within 2 months of this advertisement. The 
referees may be requested to send their assessment of the applicant directly to Prof. 
Subramanyam (e-mail: dcphy@admin.iisc.ernet.in or fax: 091-080-3341683/3342085). 
Candidates are welcome to visit CTS home page URL http://ctshp.iisc.ernet.in and contact the 
Chairperson of CTS for further information. 

R(lA)308-23/97 

8 October 1997 REGISTRAR 


INDIAN INSTITUTE OF SCIENCE 

BANGALORE 560 012 

Applications are invited from Indian nationals preferably below the age of 35 years, for Faculty 
Positions at the level of Assistant Professor in the Department of Physics. The candidates should 
have (i) Ph D degree and (ii) three years (relaxable in exceptional cases) of post-doctoral experience 
in the broad areas of experimental or theoretical condensed matter physics. The department has 
major research strength over a broad range in condensed matter physics, and seeks to augment it 
further. The total emoluments at the minimum of the scale of Rs 3700-125-4950-150-5700 (likely to 
be revised) are around Rs 1,32,000 per annum. Candidates are requested to send their curriculum 
vitae with a list of publications, important reprints, a short description of the research activity they 
would like to pursue in case they are selected and names of at least three referees with their 
address including Fax and E-mail address to Prof. S. V. Subramanyam, Chairman, Division of 
Mathematical and Physical Sciences, Indian Institute of Science, Bangaiore 560 012, India 
within 2 months of this advertisement. The referees may be requested to send their assessment 
directly to Prof Subramanyam (e-mail: dcphy@admin.ilsc.ernet.in or fax : 091-80-3341683/ 
3342085). For further information please contact Chairman, Department of Physics (e-mail: 
chairman@physics.iisc.ernet.in) or visit the home page URL http://physics.iisc.ernet.in. 

R(IA)308-19/97 

8 October 1997 REGISTRAR 
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MEETINGS/SYMPOSIA/SEMINARS 


First Workshop on X-ray Crystallography 

Date: 17 November 1997 to 6 December 1997 
Place: Mysore 

The aim of the Workshop is to train researchers who are new to 
this field in various aspects of structure determination - from data 
collection to analysis. Experienced crystallographers from India 
and abroad are expected to deliver lectures and hands-on-training 
in sample selection, mounting of the sample, preliminary data 
collection, structure analysis, etc. 

Contact: Prof. J. Shashidhara Prasad/Dr M. A. Sridhar 

Department of Studies in Physics 
University of Mysore 
Manasagangotri, Mysore 570 006 
Phone: 091-821-516133 
Fax: 91-821-516133 
E-mail: mysxrd@giasbgO 1 .vsnl.net.in 

International Workshop on Soft-computing and 
Intelligent Systems 

Date: 12-13 January 1998 
Place: Calcutta, India 

Topics include: Introductoiy knowledge, theoretical developments 
to different real-life applications. Emphasis will be given to the 


main constituents of soft computing both individually and in an 
integrated manner. 

Contact: Dr A. Ghosh/Dr S. Mitra 

Machine Intelligence Unit 
Indian Statistical Institute 
203 B. T. Road, Calcutta 700 035 
Phone: 033-5778085 (Extn. 3100) 

Fax: 91-33-5566680, 6925 
E-mail: soft@isical.ernet.in 

National Symposium on Radiation and Molecular 
Biophysics 

Date: 21-24 January 1998 
Place: Mumbai 

Topics include: Radiation biology and biophysics; Environmental 
biophysics; Nuclear medicine and health; Medical biophysics; 
Biomolecular structure and function; Membrane and cellular 
biophysics; Techniques in biophysics; Biochemical dynamics; 
Protein engineering; Hot topics. 

Contact: Dr K. P. Mishra 

Radiation Biology & Biochemistry Division 
Bhabha Atomic Research Centre 
Trombay, Mumbai 400 085 
Phone: 91-22-5563060 Extn. 2343 
Fax: 91-22-5560750, 5560534 
E-mail: kpmibs@magnum.barctl.ernet.in 
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An integrated view of charge- 
transfer complexes 

In the centenary year of the discovery 
of the electron by J. J. Thomson, it 
is perhaps appropriate to reminisce 
about R. S. Mulliken, one of the 
giants who contributed to molecular 
electronic structure theory. 

Mulliken was born in 1896, just 
one year before the spectacular 
experiment of ‘JJ’. Even as a school¬ 
boy, Mulliken was aware of the sig¬ 
nificance of the discovery, as can be 
seen from the title of his graduation 
oration: ‘The Electron, What It Is 
and What It Does’. Since his father 
was a professor of organic chemistry 
at MIT, it was but natural that the 
young Mulliken took his early train¬ 
ing in experimental chemistry. He 
went to Chicago for his doctoral 
work and had a few post-doctoral 
stints in Europe and at Harvard. In 
1928, he joined the Chicago faculty 
in the Ryerson Physics Laboratories. 
With the insight of chemists and the 
rigour of physicists, he developed 
the field of Molecular Physics. 

Mulliken’s work has profoundly 
influenced the thinking of chemists. 
The coining of the term orbital, \ht 
generalization of the orbital descrip¬ 
tion from atoms to molecules, and 
the formulation of molecular orbitals 
as linear combinations of atomic 
orbitals are some of his early con¬ 
tributions. His interpretations of elec¬ 
tronic structures of diatomic and 
simple polyatomic molecules are text¬ 
book material. He worked out a new 
scale of electronegativity, which 
takes into account not only the 
affinity of an atom for an electron 
but also, in equal measure, its reluc¬ 
tance to lose an electron. He proposed 
the concept of hyperconjugation. He 
pointed out the importance of the 


overlap integral and also suggested 
a simple scheme for partitioning elec¬ 
tron densities over atomic and over'^ 
lap regions, Mulliken was fittingly 
honoured with the Nobel Prize in 
Chemistry (1966) ‘for his fundamental 
work concerning chemical bonds and 
the electronic structure of molecules 
by the molecular orbital method’. 

Mulliken’s contributions to mole¬ 
cular spectroscopy are equally 
important, as they have fundamen¬ 
tally shaped the course of research 
in this field. He emphasized the need 
to interpret the position of the bands, 
assign them to specific transitions, 
and quantify the intensity data. With 
his understanding of molecular orbi¬ 
tals and knowledge of group theory, 
assignments and selection rules were 
straightforward tasks. His formula for 
the oscillator strength forms the basis 
for all studies of absolute intensities. 
He also pointed out the importance of 
vibrational mixing, which contributes 
to the intensities of apparently forbid¬ 
den transitions in electronic spectra. 

A particularly interesting problem, 
which involves both bonding and 
spectroscopy, attracted the attention 
of Mulliken in 1950. When iodine 
is dissolved in benzene, an intense 
absorption band is observed at a 
wavelength quite different from the 
bands of the parent molecules, 
Mulliken suggested that the band was 
due to charge transfer from one spe¬ 
cies to the other. He proposed two 
idealized wave functions, one in 
which there was no transfer and 
another with a donor-acceptor bond. 
He argued that the ground electronic 
state was dominated by one of these 
functions, while a low lying excited 
state had the other character. With this 
qualitative model, he could explain the 
origin of the binding, dipole moment, 
and variation in band positions with 


acidic and basic characters of the 
parent molecules for the general class 
of charge transfer complexes. 

But the details were missing. For 
example, what are the precise struc¬ 
tures of charge-transfer complexes? 
What happens to the energy levels 
of the filled and unfilled molecular 
orbitals of the constituent units? Can 
one examine species which do not 
necessarily have an absorption band 
in the uv-visible region? 

Many of the above questions are 
now being answered. Charge-transfer 
complexes can be generated in the 
gas phase and studied using photo¬ 
electron spectroscopy and electron 
energy loss spectroscopy. The com¬ 
plementary procedures provide quan¬ 
titative information about the orbital 
energies of filled and unoccupied 
levels, to a good approximation. By 
comparing with the peak positions 
of the parent species, changes in 
orbital energies due to complex for¬ 
mation can be precisely monitored. 
The data are best interpreted using 
the quantitative version of mole¬ 
cular orbital theory (proposed by 
Mulliken’s student C. C. J. 
Roothaan). While such ab initio cal¬ 
culations are by no means exact, the 
results are extremely useful. Precise 
geometries, binding energies and 
trends in orbital energies can be 
obtained. Thus, the combined use of 
theory and experiment provides a 
comprehensive description of the 
nature of charge-transfer complexes. 

M. S. Hegde provides an account 
of the work carried out in his group 
over the last few years along the 
above lines (page 747). Many new 
insights have been obtained. For 
example, in related halogen com¬ 
plexes, diethyl ether prefers to inter¬ 
act with its a type lone pair, while 
the corresponding sulfide uses the 
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orthogonal p type lone pair. The 
computed structures have interesting 
parallels in the directionality of 
attractive intermolecular contacts 
found in the solid state for sulfur 
compounds. Complexes which do not 
have the characteristic charge-transfer 
band in the visible spectrum have 
also been studied. The results 
obtained for complexes with transi¬ 
tion metal Lewis acids are of special 
interest. 

J. Chandrasekhar 


Loss of crop diversity in the 
Central Himalayas 

Ironically, the very process of inten¬ 
sive agriculture or monoculture that 
saved the country from an almost 
certain famine during the early 1960s, 
has been one of major causes for a 
colossal reduction in the nation’s crop 
biodiversity. Prior to the Green Revol¬ 
ution, over 30,000 indigenous varie¬ 
ties or landraces of rice were grown 
in the country. Today there are not 
more than fifty and it is estimated 
that by the year 2000, over 75 per 
cent of the area under rice cultivation 
will be covered by only 10 improved 
varieties. In wheat, over 90 per cent 
of the irrigated area is covered by 
a single variety. The situation is 


nearly the same for many other crops 
such as cotton, sugarcane, pulses, 
etc. Monoculture has also led to a 
complete replacement and local ex¬ 
tinction of many of our lesser known 
crops such as the minor millets, indi¬ 
genous fibre crops and pulses. Thus 
in a typical village where one would 
have found about 30 to 4-0 crops 
under cultivation about 40 years ago, 
today only 6 to 10 exist. 

While we have satiated on the 
fruits provided by modern agricul¬ 
ture, the concern over the loss of 
our native crop genetic resources is 
slowly but surely being echoed in 
different fora. Apart from the con¬ 
cerns of the ‘purists’, of ‘conserva¬ 
tion for the sake of conservation’, 
the loss of crop biodiversity has been 
a major concern to the country at 
large also in ensuring a stable and 
secure food production system. The 
landraces and the traditional crops 
that have evolved in their native 
habitats are potential reservoirs of 
many useful genes. Literature is re¬ 
plete with instances of the wonders 
that have been churned out from 
these reservoirs. A wild plant of rice 
collected in 1963 from some part of 
Uttar Pradesh gave a gene that saved 
30 million hectares of paddy from 
a disease, the grassy stunt virus. A 
wild melon from India provided 
genes for resistance to the fungal 


disease, mildew, to melons in the 
United States of America. 

Maikhuri et aL (page 777) present 
a poignant tale of the loss of crop 
biodiversity from the Central Hima¬ 
layas, one of the ‘cradles of crop 
biodiversity’ in the country. Unlike 
the lower Indo-Gangetic Plains, the 
farming ecosystems of the Himalayas 
were relatively insulated from the 
syndromes of modern agriculture 
until about two decades ago. These 
sites have served as a rich storehouse 
of crop diversity, fostered in part by 
the tremendous heterogeneity of the 
landscapes as well as the innumerable 
cropping systems followed therein. 
However, in recent years, these store¬ 
houses are being rapidly undone with 
the advent of monoculture systems 
in the hills. Maikhuri et aL rightly 
lament that unless urgent measures 
are taken to stop this invasion and 
revive the traditional agroecosystems 
of the Central Himalayas, the region 
will be poorer of its immense crop 
genetic wealth. The consequences of 
the loss are, however, not going to 
be restricted to the Central Himalayas 
alone, but will certainly affect the 
rest of the country, for, the food 
security of a country can only be 
as good as the genetic diversity 
supporting it. 

R. Uma Shaanker 
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Need for a ‘Science Media Centre’ 


Imagine a situation where elite and 
moneyed people at large do not know 
what microwaves are and how harrhful 
they are but continue to buy and use 
microwave ovens just because they are 
available and are the ‘in thing’. Imagine 
another situation where the common man 
does not know that petrol contains a toxic 
metal, lead, which is released during com- 
bustion by vehicles and he inhales it on 
the roads. Imagine another situation where 
rural people do not know that freely 
available solar energy can be utilized to 
cook food, heat water, sterilize agriculture 
produce and generate electricity. The first 
situation would lead to the extensive buy¬ 
ing of tlie so-called latest technology of 
microwave oven which has long been 
controversial in the West because of 
health and safety reasons. The second 
situation would lead to rise in various 
respiratory and heart diseases among the 
common man whether he drives a vehicle 
or not. The third situation would lead to 
the under-utilization of solar energy, 
which a country like India has in abun¬ 
dance and cannot afford to ignore because 
she is bogged down by power problems. 
Although presumed to be ‘imaginary’, all 
these situations are fast becoming real in 
India, or for that matter would become 
real in any country where people at large 
are illiterate about science and its impli¬ 
cations but at the same time want to 
avail its benefits. Carl Sagan had put it 
succinctly, Tt is suicidal to create a 
society dependent upon science and tech¬ 
nology in which hardly anybody knows 
anything about science and technology.’ 

Indeed, one wonders whether we are 
all lemmings heading for the sea! We 
are so much carried away by the pre¬ 
vailing corruption, indifference and un¬ 
ethical practices followed by people in 
power. Science and technology has been 


slowly and stealthily making inroads into 
our lives, thanks to the liberalization 
policy of the Government! Luxurious cars, 
fancy two-wheelers, giant trucks and tank¬ 
ers, smart computers, xerox and fax 
machines, mobile phones and pagers, 
nicely packed soaps, detergents, junk 
foods and drinks, have suddenly become 
omnipresent in cities, towns and villages. 
In other words, science and technology 
is entering our lives in an unprecedented 
manner - and is likely to do so on a 
larger scale in the days to come - without 
anybody giving a single thought to"* its 
implications in a society that does hot 
know or care to know science. The con¬ 
sequences are likely to be suicidal as 
Carl Sagan has said. There are already 
reports of rise of various diseases, both 
physiological and psychological, among 
the Indian population due to the rising 
pollution, money chase habits and fast 
and mechanical life-style. Then there are 
wrong societal priorities given to various 
issues, mismanagement of people and 
resources, environmental backlash, and so 
on. 

Most of the present malaise bedeviling 
the society can be traced to the lack of 
science literacy and its intellectual con¬ 
sequence, scientific temper. How does 
one educate society about science and 
its implications in day-to-day life? Of 
course, through the various media. 
‘Media, by altering the environment, 
evoke in us unique ratios of sense per¬ 
ceptions’, said Marshall McLuhan, the 
media expert, The extension of any one 
sense alters the way we think and act 
and perceive the world. When these ratios 
change, men change.’ But a careful look 
at the media in the country shows a 
considerable apathy towards science. 
Except for a few features in the major 
dailies, TV and radio programmes, and 


a few stray reports on scientific devel¬ 
opments in the West, science does not 
figure as much as sports or for that matter 
economics in the various media. Does 
the onus lie on the mediamen or scientists 
and science communicators? It is the 
same egg or chick story. On one hand, 
the mediamen claim that they do not get 
proper and well-presented stories on sci¬ 
ence. On the other hand, scientists and 
science communicators claim that the 
mediamen are not interested in science 
and want only sensational stories which 
make headlines. 

No doubt, there are media people who 
have bias against science coverage in 
their newspapers for various reasons. First 
of all, during schooling they themselves 
had often' become a victim of science 
due to improper teaching and had there¬ 
fore developed a scare about the subject. 
This scare has led them to believe that 
people at large are scared about science 
and are therefore not interested in science. 
Secondly, they do not get well-presented 
stories on science because skilled com¬ 
municators in science are still a rarity. 
Again, this lacuna among scientists could 
be traced to their schooling when com¬ 
munication is the least expected skill from 
a science student. Scientists are therefore 
often shy and uncommunicative! In fact, 
they glorify their non-communicativeness 
and look down upon anybody who tries 
to communicate science to the masses! 

How does one break this vicious circle 
which has roots in improper schooling? 
Obviously, by having regular meetings 
and exchange of views between media- 
men, scientists and science communica¬ 
tors. There is, therefore, a strong need 
for a ‘Science Media Centre’ in the coun¬ 
try where scientists, science communica¬ 
tors and mediamen could meet and see 
eye to eye. In addition to bringing them 
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together for a free exchange of scientific 
information and ajiarmonious relationship 
for a balanced and humane growth of 
the society, the Centre should have an 
up-to-date data bank on Indian scientists, 
scientific bodies, associations, institutes 
and organizations. It should also be able 


to provide any mediaman an easy access 
to information on the latest developments 
in science in the country and abroad, 
guide and assist him in contacting sci¬ 
entists and providing him background 
material on any topic of his interest. 
Besides, it also should be a training 


ground for scientists in the art of com¬ 
munication in various media. 

Dilip M. Salwi 

MIG Flat No. 132, Pkt-SB, 

Sector-IV, Rohini, i 

Delhi 110 085, India 


Swarnajayanti fellowships 


An announcement calling for research 
grants from scientists in the age group 
of 30 to 40 years under the Swarnajayanti 
Fellowships sponsored by Department of 
Science and Technology was advertised 
in the 25 August issue of Current Science. 
In the first week of September I received 
a letter from DST enclosing a copy of 
the same advertisement and urging me 
to submit an application in this category. 
After examining the format of the pro¬ 
posal and the fact that it was announced 
as part of the celebrations marking 50 
years of India’s independence, it became 
clear to me that major research projects 
in the frontier and cutting edge areas of 
science and technology were to be sub¬ 
mitted. As a matter of fact, the screening 
for the successful applicants is planned 
through a two-tier review system. 

In any research project the applicant 
would like to propose his/her best and 
most innovative ideas. The writing of a 
new and major research project is done 
in stages, from the evolution of the idea 
to the development of a concrete work 
plan. This is an arduous, time-consuming 


and responsible job for the applicant. 
This is further heightened in this case 
because the Swarnajayanti Fellowship 
scheme is so prestigious. Given this back¬ 
ground, I was somewhat puzzled to note 
that there was hardly any time allowed 
for the writing of the project. As per the 
announcement, the documents must reach 
DST by 15 September 1997. I am unable 
to understand how a detailed project report 
can be drafted, finalized and forwarded 
to DST in less than two weeks. 

The DST-sponsored research projects 
are publicly funded and it is important 
that they are implemented in a manner 
so as to maximally benefit a large and 
diverse group of scientists. In my opinion, 
the DST has not allowed sufficient time 
for the dissemination of information to 
the large body of scientists. In such a 
scenario, the tendency would be to submit 
hastily ‘pasted’ research proposals in 
order to make it prior to the deadline. 
This is not in the interest of a correct 
scientific attitude and the development of 
a high quality research base in our coun¬ 
try. In any system of open competition. 


not only must an equal opportunity be 
provided to all the contenders but it must 
also appear to be so to everyone con¬ 
cerned. The procedure for the submission 
of Swarnajayanti Fellowship applications 
must appear to be fair and open to the 
large body of committed and dedicated 
scientists in this country. The urgency 
and haste with which applications have 
been called for makes people suspicious. 
In such a scenario, any further action by 
the DST will also be called into question, 
with charges of nepotism, favouritism, 
high-handedness, etc. being levelled, 
whether or not any of these aspects were 
intended. I urge the DST to kindly extend 
the deadline for the submission of grants 
in this category, say up to 31 December 
1997. This will give sufficient time to 
the eligible scientists to submit detailed 
and rigorous research proposals in the 
thrust areas. 

Ashwini Nangia 

School of Chemistry, 

University of Hyderabad, 

Hyderabad 500 007, India 


Medical research in India 


Poverty, unhygienic living conditions and 
over population are chiefly responsible 
for infectious diseases and malnutrition 
in India. Environmental chemicals are 
also responsible for health hazard in our 
country. Keeping this in mind, several 
scientists, all over the country, have been 
working on prevention and control of 
these national health problems. This fact 
is evident from the research findings of 


Indian scientists who were honoured by 
Indian Council of Medical Research 
(ICMR) recently. The research works of 
14 out of 19 scientists who received 
ICMR awards, are directly related to 
national health problems. These are (1) 
safe, effective and reversible male con¬ 
traceptive, (2) fertility-regulating vac¬ 
cines, (3) immuno-diagnosis of leprosy 
and designing of subunit vaccines, (4) 


development of simple procedures for the 
isolation of M. tuberculosis, (5) immuno- 
genetic basis of susceptibility to leprosy 
and pulmonary tuberculosis, (6) molecular 
evaluation of Japanese Encephalitis 
viruses, (7) insecticide-impregnated bed- 
nets for malaria control, (8) molecular 
biology of malai'ia parasite, (9) malaria 
vaccine development, (10) malnutrition 
and infectious diseases with relevance to 
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child health, (11) pathophysiology of 
acute diarrhoeal diseases with reference 
to acute infectious diarrhoea, (12) neuro¬ 
toxicities of environmental chemicals with 
reference to insecticides, (13) epidemio¬ 
logy and clinical features of Tropical 
Sprue and (14) population-based survival 
studies in cancer patients. 

We have sufficient knowledge about 
the causes and treatment of communicable 
diseases and malnutrition. With adequate 
health education and Public Health Pro¬ 
gramme these diseases can be controlled, 
as it is done in developed countries. 
Therefore, 1 emphasize that control and 
eradication of the causes of these diseases 
are more relevant than research in this 
field. However, researchers in health sci¬ 
ences in India should give priority to 
two fields namely, male and female 
antifertility agents and health hazards 
(occupational and air/water contamina¬ 
tion) caused by environmental chemicals. 

Research works based on health prob¬ 
lems of third world countries are not 
published by reputed journals because the 
findings do not come in the fold of their 
health problem, it is therefore logical for 
our scientists to publish their findings in 
Indian Journals. The suggestions made by 
our scientists are sometimes applied in 
public health programmes without pub¬ 
lication in journals. This fact may account 
for a lesser number of publications by 
Indian scientists in American and Euro¬ 
pean journals. 

However, we should not lag behind 
our counterparts in the developed coun¬ 
tries. Hence several scientists have chosen 
clinical and experimental (animal) studies 


on neurological, cardiovascular, renal, 
hormonal and immunological disorders 
and cancer. Although technique/equip¬ 
ment used by our scientists are much 
older, their findings are recognized for 
publication. Further, our scientists visit 
developed countries and present their find¬ 
ings in conferences/seminars. Our 
researchers are unable to do better than 
this due to unavailability of laboratory 
facilities and financial assistance and due 
to lack of freedom to choose a relevant 
field. 

The data presented by Arunachalam 
{Curr. ScL, 1997, 72, 912-922) clearly 
indicate that academic institutions (uni¬ 
versities and medical colleges) contribute 
more than research institutions to research 
in health sciences. In .spite of having 
heavy teaching load and other work in 
the department, teachers choose research 
work too. Unfortunately, several of them 
do not receive encouragement and facili¬ 
ties for research. If ihe Head of the 
Department is incompetent for research, 
then there is suppression of research 
activities in the department. This rules 
out leadership and team work. 

Furthermore, a reseat'cher in an aca¬ 
demic field is not benefited from his/her 
research publications and research awards. 
Rules and conditions of promotions do 
not give preference to research achieve¬ 
ments but only to years of service. As 
a result, fixation of pay scale and pro¬ 
motions are at a bargaining level. The 
genuine requests of teachers are turned 
down on flimsy grounds and they are 
warned ‘any request in this regard will 
not be entertained’. We are forced to run 


around to get our service anomalies rec¬ 
tified. Under this circumstance, research 
which needs dedicated work and freedom 
gets only a stepmotherly treatment from 
a suppressed and humiliated teacher. The 
facts quoted by me here are neither imagi¬ 
nary nor fictional but experienced by 
many hapless teachers including me. This 
culture is seriously harming academic 
standards in higher level education and 
motivation for research. 

Further, I would like to add here that 
if research on health problems come under 
a banner ‘Health Sciences’ instead of 
‘Medical Sciences’, then there may be 
collaboration between medical and non¬ 
medical (those not having a basic medical 
degree but specicilized in one of the medi¬ 
cal subjects) scientists and with experts 
in allied subjects. 

A research funding agency like ICMR 
plays a major role in solving national 
health problems. But due to shortage of 
funds, they are not able to sanction re¬ 
search projects proposed by teachers in 
liniversides/medical colleges. If the 
hurdles enumerated here are removed, 
then research works in health sciences 
can have a forward march in India also. 


Vanaja Paul 


Department of Pharmacology & 
EnvironmentaI Toxicology, 

Dr A.LM. Postgraduate Institute of 
Basic Medical Sciences, 

University of Madras, Taramani, 
Chennai 600 113, India 
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IRS-ID beams good quality pictures 


All the three cameras on-board Indian 
Remote Sensing Satellite IRS-1 D, namely, 
the high resolution Panchromatic (PAN) 
camera, the multi-spectral Linear Imaging 
Self-Scanner (LISS-III) and the Wide 
Field Sensor (WiFS) have been tested by 
commanding from the Spacecraft Control 
Centre (SCC) of ISRO Telemetty, Track¬ 
ing and Command Network (ISTRAC), 
Bangalore. The cameras have beamed 
high quality pictures. 

The PAN camera was tested for the 
first time at 10:44 a.m. Indian Standard 
Time on 7 October 1997 when the satellite 
was in its 120th orbit around the earth. 
The satellite was passing over Allahabad, 
Madurai and Tuticorin during the camera 
operation. The other two cameras, LISS- 
III and WiFS were tested on during the 
subsequent orbit at 12:33 p.m, when the 
satellite was passing over the Gulf coun¬ 


tries. On 8 October all the cameras were 
again tested by switching them on simul¬ 
taneously. An analysis of the data received 
and processed by National Remote Sens¬ 
ing Agency (NRSA), Hyderabad, has 
confirmed that the cameras are perfor¬ 
ming well and the images are of good 
quality. 

The PAN camera is a high resolution 
camera with 5.8 m ground resolution. 
LISS-III operates in four spectral bands 
in the electro-magnetic spectrum - three 
in visible and Near Infrared (NIR) and 
one in Short Wave Infrared (SWIR) 
region. It provides a ground resolution 
of 23.5 m in visible and NIR bands and 
70.5 m in SWIR band. The third camera, 
namely, WiFS has a ground resolution 
of 189 m. The availability of data from 
IRS-1 D cameras along with data from 
IRS-1 C will further enhance applications 


capability pertaining to land and water 
resources management in the country. 

IRS-1 D was launched on 29 September 
1997 by India’s Polar Satellite Launch 
Vehicle (PSLV-Cl) from Sriharikota, into 
a polar orbit with 820 km apogee and 300 
km perigee. Since its launch, the process 
of raising the perigee of the IRS-ID satellite 
has been progressing well in a step-by-step 
manner using the propellant on board the 
satellite. The propulsion system on board 
the satellite is performing very well and 
the satellite has already reached a sun- 
synchronous orbit. Now that the perigee is 
above 700 km, the orbit will be fine tuned 
around this perigee to commence normal 
operations in the next few days. With these 
manoeuvres, the planned mission life of at 
least three years is ensured. 

All the systems on board IRS-1 D are 
functioning well. 



Colour-codod imagery obtained from the Wide Field Sensor (WiFS) of !RS-1D on 7 October 1997. The picture was taken over 
Iran-Oman-UAE region. The imagery covers an area of about 800 x800 km and has a ground resolution of 188 m. The narrow 
part of the ocean region appearing in black is the Strait of Hormuz. 
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Colour-coded imagery obtained on 7 October 1997 from the multispectrai camera system (LISS-Ill) of IRS-1 D. 
The imagery, with a ground resolution of 23 m, shows Southern Iran covering an area of about 28x28 km. 
Geological features can be seen in northern part of the image and fine drainage pattern is visibie in the centrai 
part. The red area represents vegetation. 
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Picture taken by the Panchromatic camera (PAN) of IRS-1 D on 7 October 1997 showing part of Tuticorin town in Tamil Nadu. 
The picture which has a 5.8 m ground resolution clearly shows rectangular salt pans. The regulated drainage system can also be 
seen besides built-up structures. 
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IRS-ID orbit raising manoeuvre 


The Indian Remote Sensing Satellite, IRS- 
ID, was injected into an elliptic orbit of 
822x301 km instead of 817 km circular 
polar orbit by the Polar Satellite Launch 
Vehicle (PSLV-Cl) on 29 September 
1997, due to an anomaly in the fourth 
stage performance, resulting in a A V 
deficiency of 130 m/s. The inclination of 
the orbit was 98.64° as intended. Soon 
after injection into the orbit, the solar 
panels were deployed automatically by 
the on-board sequencer. The three axis 
stabilization of the spacecraft was also 
accomplished through the auto acquisition 


sequence as planned and all the systems 
performed satisfactorily. 

Considering the shortfall in the A V and 
the need to attain a functional sun- 
synchronous orbit for nominal payload 
operations, a strategy was worked out 
carefully, keeping in mind the limited 
onboard monopropellant hydrazine fuel 
(84 kg) and the RCS thruster performance. 
The orbit was raised in a step-by-step 
manner by concurrently firing the 11 N 
and the four 1 N thrusters. More than 
5V2h of thruster firing carried out over 
a period of ten days, raised the perigee 


of the orbit to 737 km by 11 October 
1997 These operations were carried out 
using the Time-Tag telecommand mode 
at the apogee in the non-visible region 
of the orbit. The performance of the RCS 
system using for the first time all-surface 
tension tanks, was perfectly normal and 
all the thrusters functioned well providing 
the needed throughput and the nominal 
ISP was more than 200 s. At the end of 
the orbit raising operations, around 
16.5 kg fuel was left in the tanks which 
would provide a minimum satellite 
mission of around 3 years. 


International Academy of Astronautics Book Award 


Space Technology for Sustainable Deve¬ 
lopment, a book written by Prof. U. R. 
Rao, Member, Space Commission and 
former Chairman of ISRO, has won the 
prestigious Book Award of the Inter¬ 
national Academy of Astronautics (I A A). 
The book is published by Tata McGraw- 
Hill Publications, Delhi. The annual Book 
Award, consisting of a citation and medal, 
was presented to Rao on 7 October 1997 


during the 48th International Astronautical 
Federation (lAF) Congress at Turin, Italy. 

Accepting the award, Rao stated that 
his close working with developing nations 
was what provided him the inspiration 
to undertake this work. The book deals 
with the relevance and application of 
space technology for socio-economic de¬ 
velopment of three quarters of the global 
population which is struggling to find 


their equitable and rightful place in the 
global village. 

It may be recalled that Rao had earlier 
received Alan D. Emil Award for Inter¬ 
national Cooperation in 1992, and Frank 
G. Malina Award for Space Education 
in 1994, both given by lAF, Paris. He 
is the only person to-date who has 
received all the three prestigious awards 
instituted by lAF/IAA. 


European Patent Office delivers favourable interim judgement on 
opposition to Neem Patent 


On 30 September 1997, the European 
Patent Office (EPO) delivered a favour¬ 
able interim judgement on the challenge 
of a European patent on the fungicidal 
effects of neem oil (Patent No. 436 257 
BI) owned by W. R. Grace & Co. Dr 
Vandana Shiva, Ms Magda Alvoet (MP 
of the European Parliament) and other 
NGOs of the Neem Campaign enabled 
this optimistic development close on the 
heels of the repeal of the turmeric patent 
(No. 5 401 504) in the US on 23 August 
1997, after the US Patent Office found 
the claim to novelty to be unsustainable 
in US patent law. 

The Opposition Division of the EPO 
issued a provisional statement on the 


basis of the European Patent Convention 
(EPC). It reads in summary: 

3.7 In summary, it appears that the 
present patent cannot be maintained in 
view of the affidavit A2 (Articles 54 
and 56 EPC). Moreover, the content 
of the affidavits A3 and A4 could 
possibly form a very relevant prior art 
with regard to the inventive step. 

The Opposition Division has asked the 
applicants for more detailed information 
concerning the extraction process in order 
to proceed to the next stage. 

The Neem Campaign consisting of a 
group of NGOs and individuals, was 
initiated in 1993 in India to mobilize 


world-wide support to protect the tech¬ 
nical knowledge systems and resources 
of bio-rich countries from piracy by the 
bio-poor ones, particularly in light of 
intellectual property rights regimes under 
WTO and TRIPS. The neem patent became 
the first case to challenge, on grounds of 
biopiracy, European and US patents. 

Indian NGOs active in this arena main¬ 
tain that the revoking of the turmeric 
patent in the US, and now the consid¬ 
eration of revocation of the neem patent 
on the grounds of ‘prior art’ in the 
European Patent Office, demonstrates the 
imperative need for Europe and the US 
to revoke all patents based on foreign 
knowledge and ‘prior arf. 
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‘Mis-govemance of the bio-sphere and 
rapacious bio-mining in the bio-poor 
countries by unaccountable corporate dic¬ 
tatorships over the years has been the 
root cause of their present plight. They 
must democratize bio-govemance and re¬ 
form their antiquated IP laws in this 
arena so that benign technologies and 
ethical practices can be transferred to 
them from such bio-rich countries as 
India’, said a CEO of a farmers’ 
co-operative in Gujarat now investing 
abroad in Israel and other countries. 
Further, the bio-poor countries also need 


Physics of melts* 

One of the most fundamental geodynamic 
processes to which can be traced a host 
of planetary structures and phenomena, 
each in its turn, central to several sub¬ 
disciplines of earth and planetary sciences, 
is mediated by rock melting in planetary 
interiors and the subsequent deformation 
and relative movement of the melt and 
the matrix (two-phase flow). Earth 
scientists have long been aware of the 
implication of this process to the extent 
and composition of continental and sea 
floor volcanism that create the basic lay¬ 
out of the earth’s surface. However, not 
much progress could be made until the 
mid-eighties in using the knowledge of 
the volcanic features of the globe (Deccan, 
Hawaii, Iceland, Indian Ocean) delineated 
from their geophysical (gravity and 
bathymetry/topography and seismics) and 
geochemical (trace element distribution) 
signatures to obtain the attendant condi¬ 
tions of their origin in terms of quanti¬ 
tative thermodynamical parameters, 
because of the difficulty in describing 
the fluid mechanical behaviour of the 
matrix and of the melt fraction separating 
from it. 

A distinct advance in tackling this prob¬ 
lem was made by Dan McKenzie of 
Cambridge who provided a basic mathe¬ 
matical framework constituted by four 
conservation principles; the conservation 
equations of mass, momentum, energy 
and of atomic species. These equations, 
however, are quite complicated especially 


*Report of an Academy Discussion Meeting 
at Kodaikanal, 9-13 March 1997. 


to strengthen and update their archaic 
patent laws to bring them in line with 
ethical conduct and to disallow rampant 
biopiracy. A patent expert from another 
bio-rich country said the US must 
recognize foreign prior art. Patents are 
supposed to satisfy three criteria-of 
novelty, non-obviousness and utility. 
Novelty implies that the innovation must 
be new. It cannot be part of ‘prior art’ 
or existing knowledge. Non-obviousness 
implies that someone familiar in the art 
should not be able to achieve the same 
step. Most patents based on mis¬ 


appropriation of prior bio- knowledge vio¬ 
late the criteria of novelty read with 
non-obviousness because they range 
from direct piracy to minor tinkering 
which involves obvious steps to anyone 
trained in the techniques and disciplines 
involved. 

According to many natural-product 
chemists in India and abroad, the prece¬ 
dents of the turmeric and neem cases 
should be used by India to require the 
World Trade Organisation (WTO) to ‘out¬ 
law bio-piracy by such bio-poor countries 
as the US’. 


the energy equation. For, it contains terms 
that account for the latent heat of melting, 
for the heat transport by the separate 
movement of the melt and the matrix, 
and for the heat generation by their 
deformation. Their complete solution is 
therefore not yet available. Yet, much 
enlightening insight can be gained by 
analysing their solutions under simplified 
conditions as in many a fluid dynamical 
problem. Specifically for example, the 
assumption of isentropic melting produced 
by up welling, which is believed to be 
valid for the mantle both under the ridge 
axes and intraplate volcanoes, leads to 
fairly accurate estimates of the melt frac¬ 
tion generated during upwelling and of 
the volume of magma that would then 
erupt at the surface. Thus, proceeding 
from first principles, McKenzie and his 
colleagues showed how an oceanic crust 
of the observed thickness (7-8 km) would 
result from the partial melting of a mantle 
whose mean temperature is 1350°C and 
how localized hot jets with temperature 
of 1550°C can generate just the right 
amount of melt needed to produce the 
Hawaiian ridge, or how the trace element 
concentrations can provide constraints on 
the relative movements between the 
matrix and the separating melt. 

Indeed, this approach has many other 
fruitful applications to the solution of a 
variety of important terrestrial processes 
involving two-phase flow, notably the 
movements of fluids during crustal meta¬ 
morphism and in fluidized beds leading 
to mineral concentration and hydrocarbon 
migration, as well as environmental modi¬ 


fication by dispersion and differential 
transport of solutes and suspended mate¬ 
rials. 

These exciting possibilities of under¬ 
standing crucial earth processes through 
a more basic approach of mixed phase 
fluid flow have, in turn, spurred fruitful 
interdisciplinary collaboration between a 
few geophysicists, geochemists and fluid 
dynamicists towards developing a quan¬ 
titative framework for studying geological 
phenomena of a remarkably fluid-like 
earth. Herbert Huppert (DAMTP, Cam¬ 
bridge) recently coined the word ‘geo¬ 
logical fluid dynamics’ to underline the 
fact that the ideas of continuum and fluid 
dynamics are central to understanding 
almost every aspect of the earth. The 
Cambridge University graduate pro¬ 
gramme in Earth Sciences now has a 
core course in this subject, and a debate 
on the implications of this step to the 
content and structure of other geological 
courses has already begun. 

A discussion meeting on ‘Physics of 
Melts’ was accordingly arranged in April 
this year during the visit of Dan McKenzie 
to Bangalore as Raman Professor of the 
Indian Academy of Sciences. It was felt 
that an approach to the new quantitative 
culture in earth sciences could be quite 
effective if it is launched from a somewhat 
familiar ground notably, the physico¬ 
chemical aspects of rock melting which, 
howsoever qualitative, form a basic ele¬ 
ment of research in igneous petrology, 
and expose the expressive power of this 
paradigm for studies in hydrology, sedi¬ 
ment compaction and hydrocarbon for- 
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mation which keen scientists would not 
fail to notice. 

Seventeen scientists, mostly young re¬ 
searchers and academics from the areas 
of petrology, isotope geochemistry and 
geophysics, selected after a wide consult¬ 
ation, attended the discussion meeting. 

The meeting comprised of eight ses¬ 
sions including a final brainstorming 
session to discuss future initiatives 
individual as well as national. Each of 
the other sessions began with a long 
exposition by Dan McKenzie - the first 
two on the mathematical formulation of 
the problem starting with the basic con¬ 
servation principles through the concepts 
of scaling and dimensionless numbers and 
laboratory experiments, and drawing 
heavily from geological phenomena 


Supernova 1987A: Ten 

Bhaskar Datta 

Supernovae are gigantic explosions of 
stars in which millions of tons of hot 
gas and debris are released. Such an 
event at its maximum brightness may 
outshine the entire galaxy in which it 
appears, and can be one of the most 
spectacular sights in the sky. Most 
supernovae appear faint because of enor¬ 
mous distances separating them from us. 
However, if one erupts in our galaxy or 
a nearby galaxy, it, may be possible to 
see it with the naked eye. Five naked-eye 
supernovae were recorded between AD 
1006 and 1604. After a long gap of 383 
years since the last one, a supernova 
event that could be seen with the naked 
eye took place a decade ago. It was first 
observed by Ian Shelton from Las Cam- 
panas in Chile on 24 February 1987, and 
was located at a distance of 17,000 light 
years in the Large Megallinic Clouds in 
the southern sky. The Large Megallinic 
Clouds are a bunch of small, irregular 
galaxies that are companions to our own 
Milky Way galaxy. Photographs of the 
sky area where the eruption took place, 
taken some years previously, revealed a 
star at the location of the supernova. 
Catalogued as Sanduleak-69°202, it was 
a very hot, blue supergiant star about 


involving two-phase flow both at high 
Reynolds’ number (aerosol and sediment 
transport, crystallization of magma, etc.) 
as well as low Reynolds’ number 
(hydrology, sediment compaction, reser¬ 
voir engineering and oil extraction). These 
sessions were of tutorial nature with active 
involvement of participants using both 
the lecture and the discussion mode. 

The remaining six sessions also began 
with actual case analysis by McKenzie, 
of the Hawaiian and Icelandic volcanism 
and several other applications of the 
solution of conservation equations to 
special cases. In the latter part of the 
sessions, participants joined in drawing 
analogies with their own research pro¬ 
blems and articulating new strategies and 
approaches. 


The principal gain made by this dis¬ 
cussion meeting was in terms of new 
intellectual insights in formulating geo¬ 
logical problems quantitatively and with 
the possibility of testing hypotheses, and 
above all, a certain confidence in using 
the fluid dynamical approach. In fact, an 
overwhelming opinion voiced at the 
concluding session was that it would be 
highly desirable to re-examine earth 
science curricula in the counfry from this 
new viewpoint and introduce the subject 
of geological fluid dynamics in the core 
programme. 


V. K. Gaur, Indian Institute of Astro¬ 
physics, Koramangala, Bangalore 560 034, 
India. 
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fifteen times more massive than the sun 
and about fifty times larger in diameter. 

How does a star like Sanduleak-69°202 
get to become a supernova? According 
to the standard theory of stellar evolution, 
the initial stages of energy production in 
stars is due to thermonuclear reactions 
that fuse hydrogen nuclei into nuclei of 
helium with atomic number four. In these 
reactions, there is a net mass loss which 
reappears as an enormous amount of 
energy as per the famous mass-energy 
conversion rule given by Albert Einstein. 
Enormous amounts of light and heat can 
be manufactured by this process. The 
nuclear reactions that convert hydrogen 
to helium can occur in two ways. One 
process, the proton-proton chain, is a set 
of three reactions that are efficient at 
temperatures below about 16 million 
degrees Kelvin. The other, more efficient 
at temperatures higher than this, is a 
more complex set of six different nuclear 
reactions called the CNO cycle involving 
carbon, nitrogen and oxygen. In the 
interior of the sun where the temperature 
is about 15 million degrees Kelvin, the 
proton-proton chain produces ninety per 
cent of the energy and the rest is due 
to the CNO cycle. As the supply of 


hydrogen as fuel gets diminished, there 
is no longer enough pressure that was 
generated by the heat of the reactions to 
counter the inward pressure of gravitation. 
As a result, the core of the star will 
collapse under its own weight. This proc¬ 
ess will heat the core and its overlying 
layers. Hydrogen will then burn in a shell 
surrounding the core and another round 
of thermonuclear reactions, that fuse the 
helium nuclei into the nuclei of carbon 
and oxygen, will be triggered in the core. 
If the star is a massive one, like San- 
duleak-69°202, then after the helium burn¬ 
ing is over the weight of the outer layers 
can be sufficient to force the core con¬ 
sisting of carbon and oxygen to contract. 
Once again, this will lead to a heating 
of the core and the overlying layers. Now 
the scenario will be as follows. Helium 
burning will commence in a shell sur¬ 
rounding the carbon-oxygen core, and 
beyond this shell there will be another 
shell in which hydrogen conversion to 
helium takes place. The carbon-oxygen 
core will continue to contract till it 
becomes hot enough to trigger the next 
round of thermonuclear reactions that will 
fuse the carbon nuclei into the nuclei of 
neon, oxygen, sodium and magnesium. 
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This kind of process can repeat, with the 
ashes of one set of fusion reaction cycle 
serving as fuel for the next round of 
reactions which will produce heavier 
nuclei. However, after the production of 
iron nuclei, this repetitive process must 
come to a halt. This is because iron 
nuclei are extremely tightly bound by 
nuclear forces, and also because by the 
time there is a large abundance of iron 
nuclei the Coulomb electric repulsive 
forces among them will act to prevent 
them from coming too close to each 
other. 

What happens next to the iron core 
produced this way? Since the progenitor 
of the iron core was a massive star, the 
core is expected to possess a mass in 
excess of the Chandrasekhar limit. This 
implies that the iron core will not be 
able to stay as a stable configuration, but 
will start to collapse when the electrons 
in the core become degenerate (that is, 
lose their thermal kinetic energy). At this 
point, the collapse is expected to proceed 
at a very rapid rate (fractions of a second) 
to ever-increasing densities and tempera¬ 
tures. The squeezed nuclei and electrons 
can react with each other via the process 
of inverse beta decay to produce neutrinos 
and (progressively more) neutron-rich 
nuclei. Eventually, a stage will be reached, 
when the densities are pretty high, namely 
of the order of 10^"^ g cm-'^, that the highly 
neutron-rich nuclei will almost touch each 
other, and lose their individual identity. 
The composition then will be a more or 
less homogeneous sea of neutron matter, 
with small admixtures of protons and 
electrons. This is an enormously large 
value of density, possible only in centres 
of heavy nuclei such as lead or uranium. 
Because of the large density, the electron 
gas will attain a high value of the fermi 
momentum. That leaves little phase space 
for any more new electrons to join the 
club of these electrons. So, the neutrons 
that are formed will have to resist their 
otherwise natural tendency to decay into 
protons, electrons and neutrinos, and 
remain stable. A qualitatively new thing 
is now possible. Because the interaction 
potential between any pair of nucleons 
(nucleon is a collective term for either 
a neutron or a proton) is strongly repulsive 
with a rapid build-up at short inter-particle 
separations (of the order of a fermi), a 
system of such high density neutron 
matter will have a net repulsive force 
(which is a sum of nuclear repulsive 


force and the repulsive force of degen¬ 
eracy) sufficient to balance the inward 
gravitational crunch, and halt the core 
collapse. A new stable stellar configura¬ 
tion, made up of mostly neutrons, forms. 
Such an object is called a neutron- star. 
The abrupt halt of the core collapse is 
expected to produce powerful shock 
waves which will throw out the overlying 
shells of matter and radiation, resulting 
in a supernova eruption. Numerical com¬ 
putations suggest that typically a neutron 
star will have a radius of about ten 
kilometres but have the similar mass as 
that of the sun. In a sense, a neutron 
star is giant nucleus, with an atomic 
number of the order of 10^^. 

The large number of neutrinos that are 
produced in the collapsing core do not 
stay there. Neutrinos are sub-atomic ele¬ 
mentary particles that have zero or very 
small rest mass and no electric charge 
and are very elusive in the sense that 
these hardly interact at all with normal 
matter. Therefore, once produced, the neu¬ 
trinos will rapidly escape. In fact, they 
are expected to get out of the star’s 
confines hours before the shock wave 
from the interior blows the star to pieces. 
Two detectors, the Kamiokande detector 
in Japan and the IMB detector in the 
USA, both large water Cerenkov detec¬ 
tors, recorded a burst of neutrinos, during 
a 12-second interval, passing through the 
earth on 23 Februaiy 1987, about 18 h 
before the supernova was seen in the 
sky. This was strongly suggestive that 
the exploding Sanduleak-69°202 must 
have gotten to the stage of a neutron 
star formation. 

Neutron stars born this way usually 
possess the right amounts of spin and 
surface magnetic field so as to give them¬ 
selves away as pulsars. A pulsar emits 
beeps of radio frequency pulses at regular 
intervals of time that can be picked up 
by radio telescopes on earth. The funny 
thing about the Sanduleak supernova, des¬ 
ignated SN 1987A, is that in the ten 
years since the event took place, no neu¬ 
tron star has been detected in that region 
of the sky. This is a mystery. Now two 
well-known nuclear physicists Gerry 
Brown and Hans Bethe have come up 
with an explanation of this mystery of 
the missing neutron star’. Their idea is 
a novel one, and, if true, it may change 
our thinking on neutron star formation. 

The stellar collapse sequence described 
earlier is valid for stars whose masses 


are about ten to hundred times as much 
as the mass of the sun. For stars with 
initial mass much in excess of this, the 
nuclear repulsive forces are not sufficient 
to measure up to gravity. The collapse 
process in such cases is then a one-way 
traffic, namely collapse all the way whose 
end result is the formation of a black 
hole-a situation of extreme gravity from 
where no radiation or matter (the elusive 
neutrinos included) can make good their 
escape. This is the classic route to for¬ 
mation of a black hole. Sanduleak-69°202 
was an ordinary star of about fifteen 
solar masses. This is not enough initial 
mass for this star to end up as a black 
hole as per the above classic description. 
The detection of the neutrino burst is a 
clear indication that a black hole could 
not have formed there at that time right 
away. More likely, a neutron star was 
formed. So then, where is the neutron 
star? Alternatively, if a black hole formed, 
then no neutrinos should have been 
detected. 

Brown and Bethe believe that no pulsar 
could be detected in SN 1987A because 
no stable neutron star formed there. 
Instead, they have come up with a clever 
idea that there is a black hole at the 
centre of SN 1987A — a small one formed 
in a fundamentally different way than the 
classical theory suggests. Now it only 
remains to explain why neutrinos would 
be produced, if there is a black hole. 
The basic premise of the Brown-Bethe 
explanation is that high density neutron 
star matter will behave like a soft rubber 
ball. Such a system will not stand up to 
squeezing by external pressure, and so 
can follow a path to a final black hole 
state. Because short range nuclear forces 
are very repulsive, this cannot happen if 
neutron star matter is all or mostly neu¬ 
trons. Brown and Bethe suggest that alfer 
a neutron star is formed, the composition 
of its interior will undergo a spontaneous 
change whereby a new set of particles, 
called K mesons or kaons, will appear 
in substantial numbers. 

Kaon is a collective name given to a 
set of four elementary particles, all of 
which have a rest mass of about 
495 MeV. One of these is positively 
charged (designated K'^), another nega¬ 
tively charged (designated AT"), and the 
other two have zero electric charge (des¬ 
ignated Ar” and Af”). The existence of 
such particles has been known for quite 
some time now from high energy particle 
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physics experiments. It is also known 
that these are unstable particles (with 
several distinct decay channels) with a 
half life of the order of 8 x 10"'^ sec. The 
possibility of spontaneous deposition of 
kaons inside neutron stars was first sug¬ 
gested by David Kaplan and Ann Nelson^ 
in 1986. A feature of strongly interacting 
sub-atomic elementary particles, which 
goes by the name of chiral symmetry, 
stipulates that kaons have a net attractive 
interaction with neutrons and protons that 
is proportional to the baryon number 
density. This interaction is equivalent to 
a density-dependent mass of the kaon, 
and is such that it effectively lowers the 
energy of the kaon in the matter. Once 
the K~ meson energy comes down to the 
electron chemical potential, which in¬ 
creases with increasing density, the elec¬ 
trons change into KT mesons and neutrinos 
through the reaction > Af' + ia This is 
estimated to occur at a density ~ 3p(j, 
where is the equilibrium nuclear matter 
density whose value is about 2.8x10*"^ 
g cm"^. Above the density the K~ 
mesons condense into a zero momentum 
state. Although kaons made on earth in 
particle accelerators are very short-lived, 
kaons in neutron stars would be stable 
by virtue of their attraction to nucleons. 
Roughly as many protons as neutrons 
will be present because the charge carried 
by the former can be neutralized by the 
negatively charged kaons. As a result, 
the collapse remnant will resemble nuclear 
matter, that is, it will be a ‘nucleon’ star 
rather than a neutron star. Nuclear matter 
is more compressible that neutron matter. 
Besides, kaons are particles that obey the 
Bose statistics, and so can co-exist 
occupying the lowest energy level without 
exerting any resistance against infalling 


matter. These two phenomena, taken 
together, imply that a neutron star with 
a kaon condensate will have a softer 
equation of state than a neutron star 
without it. Such a neutron star, travelling 
the path of gravitational collapse can slide 
into the path of formation of a black 
hole if the kaon condensate is sufficient. 
This delayed formation-scenario of a black 
hole, induced by kaon condensation, is 
the key element of the Brown-Bethe 
hypothesis as it allows for time for the 
neutrinos formed earlier during the col¬ 
lapse to escape from the star. Had it 
been a straight, classic route to black 
hole, these neutrinos would have been 
gobbled up by the black hole, and could 
in no way pass through the earth. It so 
happens that ten seconds is about the 
time delay that Brown and Bethe compute 
for the gravitational collapse to black 
hole via kaon condensation. The neutrino 
burst detected on 23 February 1987 lasted 
for an interval of twelve seconds. It is 
interesting that the two time spans are 
so close to each other. It is worth men¬ 
tioning here that a completely different 
explanation of this time-spread is possible. 
For example, Cowsik^ has attributed this 
to a finite rest mass of the neutrinos 
which will cause lower energy neutrinos 
to arrive later. By analysing the neutrino- 
induced events on the time-energy plane 
he finds that masses 4eV and 22 eV fit 
the data best. In any case his analysis 
provides an upper bound of about 25 eV 
on the rest mass of the neutrino. 

The idea of Brown and Bethe of a 
delayed onset of a black hole starting 
with an intermediate neutron star stage 
with substantial- kaon condensation is a 
clever one, that is able to explain the 
mystery of the missing neutron star in 


SN 1987A as well as the neutrino 
observation. However, the idea is a model 
assumption that looks promising, and is 
yet to find a general acceptance among 
all astrophysicists. For one thing, kaon 
condensation is not the only mechanism 
for a delayed collapse of a nascent neutron 
star into a black hole. A delayed formation 
of a black hole can possibly also happen 
due to other evolutionary changes in the 
neutron star core, such as a phase tran¬ 
sition due to the formation of additional 
hadronic degrees of freedom besides neu¬ 
trons and protons. The passage to black 
hole can also be triggered by a substantial 
late fallback of the ejected matter onto 
the neutron star. Numerical estimates of 
the critical threshold density for kaons 
to make their appearance in neutron star 
interiors are beset with uncertainties. The 
values mentioned earlier are imprecise. 
The reason for this is that the exact value 
of the chiral symmetry term is not known 
from particle physics theory. The possi¬ 
bility exists that the value of may 
be estimated in future from heavy-ion 
collision experiments. Whatever may be 
the case, the SN 1987A has undoubtedly 
triggered a renewed interest in research 
on the equation of state of neutron star 
interiors. 
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Traditional knowledge systems and western science 


OPINION 


D. P. Agrawal 

Should WB allow the non-literate knowledge systems developed through the millennia, transmitted through 
word of mouth, tested through trial and error, to vanish without even trying to verify such knowledge? In 
this note we plead the case of the other knowledge systems to bring them within the ambit of science. 

Today, western science is contrasted with thing outside its purview becomes non- knowledge systems preserve the wisdom 
superstition and the occult, and scientists science. gained through millennia of experience, 

are contrasted with primitive people. Any- It is seldom realized that traditional direct observation, and the word of mouth. 
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Describing such knowledge, the United 
Nations University (1990s) proposal says: 
Traditional knowledge, which may be 
technical, social, organizational, or cul¬ 
tural was obtained as part of the great 
human experiment of survival and deve¬ 
lopment’ 

Western science vs traditional 
knowledge 

Western science imposes the contrasting 
categories ®of science/religion, rational/ 
magical, developed/under-developed and 
so on. But these categories are contrived. 
An aboriginal leader, Kwagley (in ref. 
1), complains, ‘Down through the mil¬ 
lennia, the Yupiaq produced and main¬ 
tained a science and technology to support 
a sustainable social and economic system 
... (but) at the advent of the Western 
society the Yupiaq ways were pronounced 
primitive and savage . . . 

Conditioned by the linear concepts of 
social evolution propounded by anthro¬ 
pologists like Frazer^ western science 
tends to trace social development through 
the stages of magic, religion and science 
and thus the primitive people come at 
the bottom of such development. 

It is common knowledge that foreign 
experts, consultants, go to non-literate 
cultures and assume that they are know¬ 
ledge blanks which need to be filled in 
with science. Following them, our young 
officers and environmental experts flaunt 
their ‘scientific’ knowledge to the 
rural/tribal people. But cultures are never 
‘blanks’. In fact, the knowledge of ‘primi¬ 
tive’ people, especially in pharmacology 
and agriculture far surpass the Western 
knowledge in these fields. The renowned 
ecologist Ramkrishnan, humbly admitted 
in a recent seminar (Centre for Science 
and Environment, March 1997) that the 
North-eastern tribal ecological manage¬ 
ment practices are far superior to anything 
he could teach them using western 
science. 

Indian folklore 

Let me brielly give some examples from 
Kumaun, Snowfall on wheat fields is 
considered good for the crop. Accurate 
time is fixed through observation of stars. 
In the Nanda folklore (Anthu), her curses 
on the pine (no plants will grow under 
you, no birds will nest in your branches 
etc.) and blessings on the oak (birds and 


bees will nest in your canopy, water will 
be there under your roots etc.) are basi¬ 
cally descriptions of the ecological prop¬ 
erties of these trees. Depending upon on 
which part of the tree-top, middle or 
bottom - the crow makes its nest, the 
severity of the coming winter snowfall 
is predicted. In the Kumauni folk medi¬ 
cine, the semen of a local fish {Schizo- 
thorax) is considered a potent medicine 
for leucoderma which in allopathy is an 
incurable disease. 

Ancient geological observations 

Even geological observations were made 
by early humans and transmitted through 
myths. The geological history of the 
Kashmir valley'^'^ - of the vast sea that 
formed and was drained out by the 
Jheium-is recorded in a myth in the 
Nilmata-Purana. The braiding of the 
Satluj is recorded in the legend of 
Vashishta trying to commit suicide and 
the Satluj breaking into hundreds of 
channels - hence called Shatadru. The 
regression of the sea (> 20,000 yrs BP) 
is recorded in the legend of Parashuram 
who threw his parasu to push back the 
sea‘\ Their models were personalized but 
the observations were right. Nader 
explains, ‘Myths in a broader, paradig¬ 
matic sense are condensed expressions of 
root metaphors that reflect the genius of 
particular knowledge traditions.’ 

Folk knowledge in the western 
hemisphere 

Goodenough (in ref. 1) has reported on 
the navigational skills of the atoll dwellers 
of western Caribbean islands of Micro¬ 
nesia. He says, several things stand out 
about Carolinian navigational knowledge. 
It has all the features of a practical 
science. It contains a massive amount of 
discrete information, which, in the 
absence of writing and reference books, 
has to be committed to memory. The 
information is highly organized in a sys¬ 
tematic way; the different ways of 
organizing it provide much redundancy 
as an aid to recall. It involves highly 
abstract thinking: the compass as a set 
of imaginai 7 points at equal intervals 
around the horizon, named for the stars 
and abstracted from their perceived 
motions, but not identical with them; the 
use of ‘drags’ as imaginary divisions of 
one’s course of travel; the use of imagi¬ 


nary places as points of reference to 
calculate ‘drags’; and schematic mapping 
in the form of ‘trigger fish’. 

The same Polynesians have taught 
marine biologists the biology of fish popu¬ 
lations. Johannes (in ref. 1) says, ‘The 
native fisherman searches with his eyes 
and ears and he is ... more in touch 
with his prey and their surroundings than 
his modern, mechanised counterpart.’ 
Johannes admitted that he had gained more 
new (to marine science) information during 
sixteen months of fieldwork . .. than ... 
during the previous fifteen years using more 
conventional research techniques, 

Bielawski (in ref. 1) finds that the most 
significant difference between the western 
Arctic and the Inuit sciences is that in 
the latter systems humans are placed in 
the space of nature and are inseparable 
from nature, while Arctic science does 
not. One has to remember that the Inuit 
knowledge is formed through ‘doing’, 
‘hearing about it’ and ‘being there’-all 
interactive and personalized forms of 
knowledge transmission. 

Describing the knowledge of geese 
hunting by the coastal Cree people of 
Canada, Scott (in ref. 1) says, it is heur- 
istically useful but not in itself sufficient 
to assume . .. that capacities of intelli¬ 
gence and communication are shared by 
geese and humans. Hunters need to know 
more about what is shared and what is 
different, and in what measure .... Scott 
adds, ‘Numerous studies have found that 
the “anthropomorphic” paradigms and 
egalitarian hunters and horticulturists not 
only generate practical knowledge con¬ 
sistent with insight of scientific ecology; 
but simultaneously cultivate an ethic of 
environmental responsibility that in west¬ 
ern societies has proven elusive.’ 

Summary 

Thus we see that folk knowledge systems 
can be very demanding on human mental 
faculties, as also very elaborate, logical 
and rational - no less than western sci¬ 
ence. But western science need not judge 
these knowledge systems with its own 
yard-sticks. Folk knowledge was genera¬ 
ted through millennia of observation and 
experimentation, trial and error, and is more 
eco-friendly a system of knowledge, in 
which humans are part of nature as nature 
is part of their being. And therefore in this 
system there is no exploitation of nature 
but a symbiotic relationship with it. 
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The traditional knowledge systems are 
perhaps better preserved in the isolation 
of the Himalayan region or in tribal 
societies. These knowledge systems 
need to be studied, documented, pre¬ 
served *“ before they are lost under the 
onslaught of the development projects. 
As far as I know, except in ethnobotany, 
medicine and water-harvesting, not much 
work has been done to study folk 
knowledge systems in India, or even 
abroad. 

To conclude let me quote Nader* again, 
the belief in the omnicompetence of sci¬ 
ence has been steadily gaining ground 
throughout this century in this culture, 
and operating on a core-peripheiy model. 


in the world ... We need not idealize 
non-western science to make the point 
that there are different types of knowledge 
that provide valid truths of use to human 
kind. If a dominant science silences that 
knowledge, we all lose. Consider a view 
that includes the footprints of time: a 
view of knowledge in which imagination 
and vision can be openly checked against 
criticism; the myth of a single science 
can be seen as myth; the false separation 
between science and non-science may be 
considered as a barrier to new thinking 
.... Ironically, standardization, uniform¬ 
ity, and conformity may not provide the 
best possibilities for new kinds of science 
in the long run .... 
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SCIENTIFIC CORRESPONDENCE 

Multiple shoot formation and in vitro fruiting from cotyledonary 
nodes of Vigna mungo (L.) Hepper 


Black gram (Vigna mungo L. Hepper) is 
an important grain legume and a good 
source of dietary protein which is widely 
cultivated in the tropics, subtropics and 
temperate zones of the world. The lack 
of an efficient in vitro regeneration system 
in this legume crop has hindered attempts 
to tissue culture selection and genetic 
transformation for crop improvement. The 
very few available reports on V. mungo 
are hybridization of V. mungo and V. 
radiata through embryo culture*, regen¬ 
eration from apical meristem^ and onto¬ 
geny of somatic embryos^. There is no 
report about in vitro flowering in V. 
mungo. Owing to sex reversal, conven¬ 
tional hybridization is rather difficult in 
the genus. Further, breeders often face 
difficulties during hybridization of tropi¬ 
cal varieties with the temperate varieties 
due to the extreme asynchrony of flow¬ 
ering time of temperate varieties. If in 
vitro flower induction of pulses is estab¬ 
lished, the system would help the breeder 
for making superior hybrids within a 
short period. However, in Arachis hy¬ 
po gaea!^ and soybean^ in vitro flowering 
has been achieved, but not mature viable 
seeds. Hence, in the present report, a 
highly reproducible and efficient method 
of nodal regeneration, in vitro flowering 
and pod formation are reported. 

For in vitro germination of cv. Vigna 


mungo vamban 1, the seeds were sur¬ 
face-sterilized by standard procedures and 
allowed to imbibe in a rotary shaker 
overnight. One decoated seed was im¬ 
planted in each culture tube containing 
15 ml Murashige and Skoog^ (MS) basal 
medium and allowed to germinate. In all 
media 3% sucrose was used and gelled 
with 0.7% bacto agar; the pH was adjusted 
to 5.8 before autoclaving at 1.4 kg cm^ 
for 20 min. Each culture tube was incu¬ 
bated in light-dark (16-8 h) conditions 
of cool fluorescent light of ca. 3000 lux 
at 25±2°C. For each concentration 20 
replicates were kept. The effect of the 
^ number of intact cotyledons and the pres¬ 
ence of shoot tip on multiple shoot in¬ 
duction was studied by culturing the 
explants with none, one or both cotyle¬ 
dons intact and with and without the 
shoot tip. All the different types of ex¬ 
plants were cultured on MSB^ (MS 
medium+ Bg vitamins^) medium with 
different concentrations of 6-benzylami- 
nopurine (BAP). The most suitable ex¬ 
plant and cytokinin concentration were 
selected. For further production of mul¬ 
tiple shoots from the original explant, 
parent explants were transferred to new 
culture medium (MSBg) after 28 days. 
The percentage of multiple shooting and 
the number of shoots produced per explant 
at primary culture and subsequent recul¬ 


tures were calculated. Elongated shoots 
(3-5 cm) excised from regenerating ex¬ 
plants (primary and recultures) were trans¬ 
ferred to MSRF (half strength MS 
inorganic + full strength organic addenda) 
medium with different concentrations of 
IB A. The number of roots, flowers, pods 
and seeds per pod were counted and 
analysed statistically. 

Cotyledonary node explants with or 
without cotyledons and/or shoot tips elon¬ 
gated after 2 days and gradually induced 
multiple shoots (Figure 1 a) and/or roots 
according to explant type, hormone and 
its concentration on MSBg medium. The 
number of attached cotyledons and the 
presence of shoot tip affected shoot re¬ 
generation. The number of shoots pro¬ 
duced was greater in the-explants with 
both cotyledons without shoot tip com¬ 
pared to explants with one or no cotyledon 
(Table 1). Explants with one cotyledon 
produced multiple shoots from the axis of 
attached cotyledon, while the other side of 
the node without cotyledon showed no 
shoot regeneration but formed callus. This 
result coincides with an earlier report in 
Vigna radiata^. The removal of shoot tip 
increased the shooting efficiency of the 
explants. Among the six different types of 
explants tested, the one with both cotyledons 
but lacking shoot tip was found to be the 
most efficient for regeneration. 
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Figure 1. Nodal regeneration, in vitro flowering and pod formation in Vigna munga (L.) Hepper cv. Vamban 1. 
a. Multiple shoots at cotyledonary node; b, Reculture of explant after excising pre-formed shoots; c, In vitro 
flowering; d, In vitro fruiting; e, Viable seeds from pods produced in vitro. 


BAP in MSBg medium positively in¬ 
fluenced multiple shoot formation. MSB 5 
medium devoid of cytokinins induced 
shoot regeneration from the explants with 
one or both cotyledons in a very low 
frequency but in the absence of both 
cotyledons they produced greenish callus. 


Among the concentrations used, 13.3 jiM 
BAP showed the best response with the 
maximum number of cultures with mul¬ 
tiple shoots (Figure 1 b) (Table 1). All 
the IB A concentrations in MSRF medium 
resulted in root induction and the effi¬ 
ciency differed with concentrations. Root 


induction was very quick (7 days) at 
2.46 \iM and slow (30 days) at 0.049 jiM 
IBA respectively. Callusing was observed 
before root induction at cut ends of shoots 
at much higher concentrations (4.9 and 
9.8 piM) of IBA. 

In the present study different concen- 
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Table 1. Morphogenetic responses of explants at 13.3 )iM BAP 


Percentage of cultures 




regenerating multiple 

Mean number of 

Average length (cm) 

Explant types 

shoots^ 

shoots/explant 


after 28 days 

With shoot tip 

4.5 ±3.5 

2.0 ±0.0 


2.5 ±1.2 

With one cotyledon 

8,0 ±2.8 

6.5 ± 1.5 


3.8±3.1 

With both cotyledons 

With no cotyledon 

0 

0 


0 

Without shoot tip 

6.5 ±2.6 

3.00 ±0.5 


2.7 ±0.5 

With one cotyledon 

9.5±1.8 

7.63 ±1.5 


4.2 ±0.5 

With both cotyledons 

With no cotyledon 

0 

0 


0 

‘^Percentage of 20 replicates. 





Table 2. Flowering and pod-forming responses of regenerated shoots at 

IBA concentrations 

Percentage of 





IBA flowering 

No. of 

No. of 

No. of 

Per cent 

(pM) shoots 

flowers/plant 

pods/plant seeds/plant viability 

0.000 0 

_ 


_ 

- 

0.049 0 


- 

- 

- 

0.490 90 

7.7 ± 2.2 

5.7 ±1.6 

1 ±0 

100 

2.460 90 

3.6 ± 1.4 

3.0± 1.1 

1 ±0 

100 

4.900 0 

- 

- 

- 

- 

9.800 0 

- 

- 

- 

— 


trations of MS medium (half strength 
inorganic 4- full strength organic, full 
strength MS medium) were used. Each 
medium contained 3% sucrose supple¬ 
mented with different concentrations of 
IB A. Among the MS media concentra¬ 
tions, flowering response was observed 
in half strength inorganic + full strength 
organic MS medium. No flower induction 
was observed in full strength MS medium. 
In vitro flowering in axillary branches 
from cotyledonary nodes of Ginseng with 
half strength nitrogen compounds in MS 
medium and high sucrose concentration 
has been reported^^. Substitution of nitrates 
in MS medium resulted in flowering from 
groundnut cotyledon"^; ammonium was 
found to promote this flowering. Contraiy 
to the above report, we found that in V. 
mungo half strength ammonium salt 
induced flowering. In Ginseng, maturation 
of flower was maximal at 3% sucrose‘s 
Our results also suggest that this 3% 
sucrose concentration is also optimum for 
flowering and maturation in V, mungo. 
Growth regulators are also key factors in 
sex expression. Generally auxins induced 
female flower formation whereas GA 3 
enhanced malenessEven though flower 
induction was observed when IBA con¬ 
centration was at 0.49-2.46 |iM, we did 
not come across any unisexual flowers 


in V. mungo. Two to ten flower buds 
were produced in each cultured plant 
(Table 2) of which only one developed 
into a pod while the others abscised 
(Figure 1 c,d). Interestingly, irrespective 
of the IBA concentration, each pod 
produced only a single viable seed 
(Figure 1 e). 

In the present report, establishment of 
new shoot initials after excising pre¬ 
formed shoots from the existing meristem 
in subsequent recultures has been inves¬ 
tigated which could turn out to be of 
great use in the transformation of Vigna 
mungo, since de novo regeneration sys¬ 
tems have been demonstrated to be 
amenable to Agrobacterium-mQdmtQd 
transformation'^ Nodal regeneration pro¬ 
tocols may be further extended to the 
tissue culture-based selection for stress 
tolerance. Since shoots are produced from 
the same explant, nodal culture will more 
likely provide true-to-type progenies. This 
protocol can be extended to plant breeding 
studies and for the purpose of quick 
flowering and pod formation under in 
vitro conditions. 
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Cambrian trilobite biostratigraphy for the Himalaya 


Knowledge of paleontology and strati¬ 
graphy is vital for constraining tectonic 
and geophysical models of Himalayan 
evolution. Peter Jell and Hughes have 
recently completed a monograph that 


describes new taxa and revises trilobites 
previously described from the Himalayan 
Cambrian^ This work illustrates many of 
these specimens photographically for the 
first lime, considers ihc effects of tectonic 


deformation on their form, and provides 
computer-aided retrodeformations which 
improve understanding of their original 
morphology. Results of this work are 
relevant for students of Himalayan geo- 
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logy and this report presents a brief sum¬ 
mary of our conclusions, more details of 
which are available elsewhere^ 

Our study was based on examination 
of previously described type material held 
in the Geological Survey of India, the 
University of Jammu, and Yale Univer¬ 
sity, in addition to new collections from 
Kashmir, Zanskar, and Spiti. Resolution 
of the effects of tectonic deformation, 
and other styles of variation, on trilobite 
morphology*^ has resulted in the synonymy 
of many previously described taxa into 
a total of 34 identifiable species belonging 
to 29 genera, with an additional 10 taxa 
questionably assigned to species or dis¬ 
cernible at the generic level only. 

On the basis of these revisions, a new 
Cambrian biostratigraphy for the Hima¬ 
laya is proposed (Figure 1). Intraregional 
correlations can be established at three 
horizons. The lowermost horizon can be 
correlated among six sections from the 
Salt Range to the Lesser and Tethyan 
Himalaya, and is characterized by 
redlichiid trilobites of late Early Cambrian 
age. The two other horizons are based 
on shared species of primitive libristomate 
trilobites, and are of mid Middle Cam¬ 
brian age. These two horizons are 
recognized within the Tethyan Himalaya 
only. 

Ninety-seven per cent of the genera 
and 48% of identified species are found 
outside the Himalaya. These taxa either 
possess an equatorial-Gondwanan or a 
cosmopolitan distribution (e.g., Bailiella, 
Tonkinella, Lejopyge). Himalayan Cam¬ 
brian trilobite diversity is generally low. 
This may be largely because the majority 
of trilobite-bearing Himalayan Cambrian 
rocks were deposited in deeper water 
settings. The Himalayan Cambrian bears 
greatest similarity at the species level to 
faunas from South and North China, with 
seven and five species in common, 
respectively. Fewer species in common 
with Australia, Vietnam, and Iran may 
reflect the fact that fewer trilobites have 
been described from those areas. This 
information on faunal distribution is con¬ 
cordant with current paleogeographic 
models for the Cambrian"^ which place 
South and North China, Vietnam, Iran, 
and Australia in close geographic proxi¬ 
mity, and at similar equatorial latitudes. 
Given the low regional diversity of the 
Himalayan fauna and its similarity to 
those of China, the Chinese stadial scheme 
has been applied directly to the Himalayan 


Cambrian, rather than erecting a separate 
Himalayan scheme (Figure 1). 

The revised taxonomy and new bio¬ 
stratigraphy permits the following con¬ 
clusions about the Himalayan Cambrian; 
(1) the earliest trilobites known from the 
Himalaya are of late Early Cambrian 
(Tsanglangpuian) age^; (2) deposits of 
this age are the most widespread 
trilobite-bearing deposits of the Hima¬ 
layan Cambrian; (3) Middle Cambrian 
(Maochungian-Changhian) deposits are 
restricted to the Tethyan Himalaya and 
the Salt Range; (4) the top of the Spiti 
section correlates with the base of the 
Kashmir section, and hence the supposed 
discreteness of these faunas^ is partly the 
result of biostratigraphic differences 
between the areas; (5) faunal differences 
occurring between contemporary Kash¬ 
miri and Spiti faunas are likely the result 
of biofacies differences; (6) all taxic dis¬ 
tributions are consistent with current 
understanding of Cambrian paleogeogra- 
phy and there are no marked faunal 
anomalies within the region; (7) faunal 
similarity is greatest with areas positioned 
at similar palaeolatitudes and; (8) the 
youngest Cambrian trilobites yet recorded 
in the region are from northwestern Kash¬ 
mir and are of early Late Cambrian 
(Kushanian) age^. 

There has long been debate over the 
relationship between Cambrian succes¬ 
sions in the Pohru Valley, Kashmir and 
in Spiti^’^. Biostratigraphic overlap only 
occurs between the top of the Spiti section 
and the base of the Kashmiri section. 
Three Middle Cambrian trilobite-bearing 
horizons in Spiti are older than any known 
in Kashmir. Of the 20 Middle Cambrian 
species recorded from these basins, seven 
belong to intervals unique to one or other 
area. Of the 13 contemporary species, 
three are common to both areas, four are 
unique to Kashmir, and six are unique 
to Spiti. Paleoenvironmental differences 
may be responsible for differences 
between contemporary Kashmiri and Spiti 
faunas'^, but the sedimentology of both 
areas is too poorly known to evaluate 
this further. Despite these differences, 
none of the taxa in either basin is exotic 
to the equatorial peri-Gondwanan realm. 
Only one new genus and three new 
species have been recognized during the 
study, and these forms all have relatives 
in the equatorial peri-Gondwanan region. 
The relatively small number of ende¬ 
mic taxa suggests that trilobite-bearing 


Himalayan Cambrian environments had 
open access to a broad equatorial peri- 
Gondwanan faunal realm. 

The Himalayan Cambrian trilobite fauna 
is consistent with the passive-margin- 
model for the northern margin of India* 
and with current concepts of regional 
land mass distributions. The faunal simi¬ 
larity of Himalayan sequences with those 
of South China supports arguments that 
the South China block was the compli¬ 
mentary passive margin to the Himalaya 
during the earliest Phanerozoic**. 
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Design of an atomic force microscope for 
topographic studies 

A. D, Kaul Narinder Singh, Anil Sonkusare, Pradeep Kumar and S. S. Wadhwa 

The developments in atomic force microscopy have been briefly reviewed. The atomic force 
microscope, simple in operation and modular in design has been developed at the Central 
Scientific Instruments Organisation, Chandigarh. Initial results of topographic studies in contact 
mode are presented in this paper. 


The development of atomic force microscope (AFM) in 
1986 by Binnig and co-workers^ was a spin off from 
the scanning tunneling microscope (STM) development 
which took place in the early 1980. AFM has an 
important advantage over the STM in that images can 
be obtained for insulating as well as conducting surfaces. 

In the past few years, several scanning probe micro¬ 
scopes (SPMs) have been developed, such as the atomic 
force microscope, the photon scanning tunneling micro¬ 
scope^, the scanning ion microscope^, the thermal profiler 
microscope"^ and the magnetic force microscope^. These 
new scanning probe microscopes utilize contrast forma¬ 
tion mechanisms other than electron tunneling and allow 
acquisition of high resolution information from insulators. 
Among these SPMs, the AFM has received greatest 
attention, as it is thought to be the most suitable for 
biological research. 

In AFM, the sample to be imaged is brought close 
to a sensitive tip attached to a small cantilever. Interaction 
forces between sample and tip deflect the cantilever. In 
the original design, the cantilever displacement was 
detected by the tunneling tip on the back of cantilever. 
Subsequently, various optical techniques have been 
developed for displacement detection. These techniques 
include diode laser feedback detection^ interferometry 
and optical beam deflection^’^ 

AFM was invented to image non-conducting surfaces 
with high spatial resolution. It is rapidly evolving as 
an analytical tool for profiling of surfaces from mi¬ 
crometer to nanometer scale. Images of surfaces of this 
length scale are becoming increasingly important and 
open up new opportunities in the miniaturization of 
machines‘^ 

The interaction force can be measured as a function 
of the separation between the tip and surface (a ‘force 
curve’) by multiplying the cantilever spring constant 
by the cantilever deflection, z. The system developed 
at the Central Scientific Instruments Organisation (CSIO), 
Chandigarh, uses the optical lever method, the cantilever 

The authors are in the Central Scientific Instrument.s Organisation, 
Sector-30, Chandigarh 160 020, India. 
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position can be detected to within ~ 2 nm. For 
i^j^ = 0.01 N/m, this results in a corresponding force 
resolution of 0.02 nN. 

Here, we present the design of an AFM capable of 
measuring surface topography. The AFM (Figure 1) is 
modular, simple in operation and the components can 
be arranged to calibrate both the z displacements of the 
piezo and the voltage-to-distance responsivity of the 
detector. These calibrations are needed in addition to 
the cantilever spring constant for accurate force 
determination between the tip and surface. 

Instrumentation details 

Mechanical and optical design 

All the force microscopes have the following major 
sub-systemsa sharp tip mounted on a soft cantilever 
spring; a way of sensing the cantilever’s deflection; a 
feedback system, to monitor and control the deflection 
(and hence, the interaction forces); a mechanical scanning 
system (usually piezoelectric), to move the sample with 
respect to the tip in a raster pattern; a display system, 
for the display of images of samples surface after 
transforming the measured data into image. The scanning, 
feedback and display systems are very similar to those 
used for scanning tunneling microscopy. 

Figure 2 shows a block diagram of the CSIO-AFM 
set up. The sample approach system consists of a 
differential micrometer and a piezo electric ceramic tube 
positioned to move the sample under the tip in X-Y-Z 
directions. Although the basic elements of all the force 
microscopes are similar, the details of implementation 
vary. The original atomic force microscope, for example, 
used a handmade cantilever spring forged from a piece 
of gold foil approximately 1 mm long. A small diamond 
stylus glued to the foil served as the tip. Today, the 
most advanced AFM cantilevers are microfabricated from 
silicon, silicon oxide or silicon nitride using photo¬ 
lithographic techniques. Typical lateral dimensions are 
of the order of 100 pm, with thicknesses of the order 
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Figure 1. Atomic force microscope developed at Central Scientific Instruments Organization. 


of 1 |LLm. This geometry gives spring constants in 
the range of 0.1-1 N/m and resonant frequencies 
10-100 kHz. The cantilevers can be fabricated with 
integrated tips or else small diamond chips can be glued 
on by hand. 

Cantilevers are usually made by lithographic methods 
using material that can easily be fabricated en masse 
such as silicon, silicon nitride and silicon oxide. The 
tip can be made of the same material. 

The other critical component of the AFM is the sensor 
that detects the cantilever’s deflection. Ideally, the sensor 
should have subangstrom sensitivity and should exert 
negligible force on the cantilever. Electron tunneling, 
which was the method Binnig used, has the virtue of 
being extremely sensitive. The tunneling current between 
two conducting surfaces changes exponentially with dis¬ 
tance, typically by a factor of 10 per angstrom of 
displacement. Although excellent results have been 
achieved using tunneling detection, it has the disadvan¬ 
tage that its performance can be degraded if the tunneling 
surfaces become contaminated. For this reason among 
others, most AFMs being designed use some form of 
optical detection. 

Optical detection schemes are divided into two basic 
types: interferometry'^ and beam deflection'^’Both of 
these methods are capable of measuring cantilever 
deflections of the order of 0.1 A, with a detection 
bandwidth of dc to 10 kHz. In a typical beam deflection 
AFM, light from a laser diode is specularly reflected 
from a mirror-like cantilever surface. The direction of 
the reflected light beam is sensed with a position-sensitive 
(two-element) photodetector. 

Interferometry systems used for atomic force micro¬ 
scopy have taken many different forms, and some of 
the more recent methods are almost as simple to 
implement as beam deflect!on"'■'^ One of the main 
advantages of interferometry is that it can be used with 
cantilevers that do not have a mirror-like reflecting 


surface. This is especially important for magnetic and 
electrostatic imaging, which often use fine wire canti¬ 
levers. Some of the early AFM interferometers had 
rather poor performance at low frequencies due to the 
large physical path difference between the reference 
beam and the light reflected from the cantilever. This 
problem has now been solved by using either a fiberoptic 
technique that places a reference reflector within microns 
of the cantilever or by using a two-beam differential 
technique''^’'". 

CSIO-AFM is based on an optical beam deflection 
method. Cantilever holder and optical components are 
mounted in the same housing as shown in Figure 3. 
The optical components consist of 670 nm, 4 mW focused 
laser diode (A) (56DLB302/P2, Melles Griot, Boulder, 
CO), focusing lens, and a Hammamatsu (S-3932) posi¬ 
tion-sensitive detector (PSD). These components are 
mounted on separate translation stages so that the laser 
spot can be accurately focused on the back of the cantilever, 
and reflected spot is accurately sensed by PSD. 

In the approach mechanism the piezo scanner and 
sample holder are assembled in an aluminium cylinder 
as shown in Figure 4. The sample is brought into contact 
with cantilever tip by operating the differential micro¬ 
meter. The sample scanner is a five-electrode, 6.7 cm 
long, 1.27 cm diameter piezo tube with 0.05 cm thick 
walls. The piezo tube has a maximum Z-displacement 
of 5 p.m and X-Y displacement of 25 |um. The approach 
mechanism used in CSIO-AFM is simple and reliable 
when compared to the software-controlled stepper motor 
driven similar mechanism in the commercially available 
microscopes. 

AFM is a sensitive instrument, care must be taken 
to ensure that external vibrations, such as from the 
laboratory building, do not limit the performance. The 
effect of external vibration is to cause unwanted motion 
of the tip with respect to the sample and the deflection 
sensor. The immunity of the AFM to external vibration 
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depends on the frequency of the vibration relative to 
the lowest resonance of the mechanical system. The 
mechanical system includes both cantilever and the rest 
of the AFM. The amplitude of relative tip motion is 
attenuated by a factor of in the limit. Thus, if the lowest 
resonant frequency is greater than 20 kHz, a typical 20 
Hz building vibration of amplitude 1 pm will result in 
relative tip motion of less than 0.01 A, a nearly harmless 
level. Because cantilevers can be easily made with 
high-resonant frequencies, the limiting factor is usually 
the rest of AFM. Good AFM designers focus on 
making the mechanical components of AFM rigid and 
compact, especially in the path from the cantilever to 
the sample. 

Feedback control and other electronics 

The feedback electronics is similar to the analogue 
controller described by Altman et al}^\ with the primary 
difference being in the detector design. We use 486DX2- 
100 MHz personal computer with 16 Mb of RAM and 
DT2821-F-8D1- data acquisition board (Data Translation, 
Marlborn, MA). An analogue feedback loop is used to 
regulate the applied force by comparing to a reference 
voltage, During the scanning, the error signal 



is simultaneously recorded and amplified 
before actuating the Z piezo. 

Typical spring constants of cantilevers can range from 
0.01 to 100 N/m and the forces measured with them 
can vary substantially. To accommodate this range of 
forces and the subsequent range of cantilever deflections, 
can be externally amplified to a maximum of 20X 
and internally amplified by 8X. For small input voltages, 
the amplification is linear to one part per thousand. 
can also be dc offset by ±15V. 

Present and future applications 

The ability of AFM to image both conducting as well 
as non-conducting surfaces has made it a highly versatile 
tool. It is already being used in a variety of fields. 

Future for atomic force microscopy is easy to predict. 
Because of its great versatility as a metrology tool, the 
AFM will find numerous applications in product deve¬ 
lopment. Its use has already started for quality control 
in the optical, semiconductor and magnetic recording 
industries. Engineers and scientists will make quantitative 
measurements of things ranging from surface roughness 
to magnetic bit shapes and from integrated circuit 
topography to lubricant thickness. The ability to measure 
three-dimensional profiles with nanometer resolution 
should make the AFM an important tool for inspecting 
optical disk stampers, measuring linewidths on integrated 
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Figure, 2, Block diagi'ani of atomic force microscope. 


Figure 3. Housing containing optical components, cantilever, etc. 
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circuit masks, and other applications. The AFM is also 
well-suited for visualizing thin film growth morphology 
and grain size. Some applications in this area at laboratory 
level have already been reported. This large base of 
technological applications will stimulate the development 
of instruments that are easy to use and that can handle 
large samples such as whole magnetic disks and silicon 
wafers. It will also stimulate innovations such as the 
recent measurement of surface conductance using a 
contact mode AFM with a conducting tip. 

In the physical sciences, the AFM will contribute new 
knowledge by allowing familiar phenomena such as 
friction, contact electrification, elasticity and wetting to 
be studied on a smaller scale than previously possible. 
It is not yet known whether the AFM will make sig¬ 
nificant contributions to traditional surface science prob¬ 
lems. Only a few microscopes have been operated under 
ultra-high vacuum conditions with atomically clean sur¬ 
faces. One interesting application would be to use the 
AFM to observe surface reconstructions on both 
insulators and conductors. More work will be necessary, 
however, to prove that the AFM tips have sufficient 
resolution and stability to make a significant contribution 
in this area. 



Figure 4, Approach mechanism. 
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Biological applications of atomic force microscopy, 
though technically challenging, are destined to be of 
great importance. Already the AFM has imaged individual 
biological molecules such as amino acids, biopolymers 
such as macromolecules such as proteins, and 

even entire cells. In some cases it has even been possible 
to watch biological processes as they occur, as in the 
polymerization of the blood clotting protein fibrin. We 
can expect to see significant benefits if this real time 
imaging capability can be extended to include processes 
on cell surfaces. It may be possible, for example, to 
observe the process by which viral particles, such as 
the AIDS virus, is attached onto cell membranes. Perhaps 
the most exciting potential application of the AFM is 
the sequencing of DNA. Several groups working with 
AFMs and other scanning probe microscopes are learning 
how to hold DNA molecules fixed on a substrate and 
are attempting to distinguish individual bases. Although 
this is a challenging goal, there is no fundamental reason 
why the technical problems cannot be solved. When 
they are solved, it may be possible to reduce the time 
necessary to sequence DNA, such as that of the human 
genome, by several orders of magnitude. 

Results and discussion 

Surface topography measurements is a starting point for 
a new design of AFM. For experiments in a specific 
area, certain modifications/attachments to the basic AFM 
may be required. 

Some example data is presented here which 
demonstrates the working of AFM developed at CSIO, 
Chandigarh. 

Force curves 

Force curves can be used to measure the pull-off adhesion 
force and relating this force to adhesion energy. The 



Figure 5. Plot of normal detector voltage as a ('unction of applied 
voltage. 
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pull-off force depends on the nature of the binding 
interaction between the tip and surface during contact. 
However, relating the pull-off force to the number and 
strength of bonds broken is difficult because the contact 
area between the tip and surface depends on the interfacial 
adhesion and other non-specific forces. 

An example force curve measured using a commercial 
silicon oxy-nitride cantilever with a force constant of 
= - 0.4 N/m is shown in Figure 5. The sample surface 
is a layer of photoresist on glass substrate of holographic 
grating. In Figure 5, is plotted against the Z piezo 
voltage, with the numbered labels corresponding to the 
following reference points: (1) Z piezo fully retracted, 
(2) pull-on force, (3) maximum attractive force, (4) 
maximum force which is preset by the computer program, 
(5) pull-off force (maximum adhesive force), (6) canti¬ 
lever restored to rest position. 

Contact mode imaging 

Holographic grating. The method of scanning under 
constant load (applied force) is frequently used in AFM 



Figure 6. Holographic grating. 



Figure 7. Micro-machined surface. 
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to image the surfaces. Once the tip contacts the surface 
and is set to a predetermined load, the X and Y piezo 
positions are scanned. In Figure 6, gray scale image of 
a 8300 nm x 8300 nm scan on 1200 lines/mm holographic 
grating is shown. The images were collected under an 
applied force of 20 nN. 

Micro-machined surfaces 

Silicon surfaces with different features written on it by 
lithography/etching techniques were also imaged in con¬ 
tact mode under preset applied force. In Figure 7, the 
gray scale image of a 25,000 nm x 25,000 nm scan is 
shown. The images were collected under an applied 
force of 20 nN. 

Biological and other samples 

Figure 8 is a gray scale image of polycarbonate filter 



Figure 8. 200 nm polycarbonate filter. 



Figure 9. Surfactant on polymer macro molecules. 
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with scan size 3.3 |am x 3.3 [xm (256 x 256 pixels 
resolution). The image deary identifies 200 nm diameter 
perforations in the filter. Similarly, Figure 9 is a 
200 nmx200nm (128 x 128 pixels ) scan of a polymer 
macromolecule with Trintoni X as surfactant. 
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Groundwater quality: Focus on fluoride and 
fluorosis in Rajasthan 


Vinod Agrawal, A. K. Vaish and Prerana Vaish 

The problem of high fluoride concentration in groundwater resources has now become one of 
the most important health-related geo-environmental issues in India. Rajasthan is one state 
where high fluoride groundwater is distributed in all the 31 districts and is influenced by the 
regional and local geological setting and hydrological conditions for the fluoride contamination. 
Studies have shown that nearly three million people are consuming excess fluoride-containing 
water; as such, the problem of both dental and skeletal fluorosis is widespread, specially in 
the rural population and in children. 


Fluorine is the most electronegative of all chemical 
elements and is therefore, never encountered in nature 
in the elemental form. It is seventeenth in the order of 
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frequency of occurrence of the elements, and represents 
about 0.06 to 0.09% of the earth’s crust’. Fluoride is 
an essential ion for all living beings from the health 
point of view. It helps in the normal mineralization of 
bones and formation of dental enamel. Fluoride when 
consumed in inadequate quantities (less than 0.5 mg/1) 
causes health problems like dental caries, lack of for¬ 
mation of dental enamel and deficiency of mineralization 
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of bones, specially among the children. On the contrary, 
if fluoride is consumed or used up in excess (more 
than 1.0 mg/1), it can cause different kinds of health 
problems which equally affect both young and old. 
Higher fluoride concentration exerts a negative effect 
on the course of metabolic processes and an individual 
may suffer from skeletal fluorosis, dental fluorosis, non- 
skeletal manifestation or a combination of the above^"^. 
The incidence and severity of fluorosis is related to the 
fluoride content in various components of environ¬ 
ment, viz. air, soil and water. Out of these, water 
(specially groundwater) is the major contributor to the 
problem^ 

Distribution of fluoride in groundwater 

Groundwater is an important resource for mankind’s 
existence and economic development. Due to the scarcity 
of surface water, Rajasthan has to depend on groundwater 
resources to a great extent. In arid and semi-arid areas 
of the state, groundwater is the only water resource for 
drinking and agriculture purposes. The total groundwater 
resources of the state are 11,715.11 mcm, which appear 
to be inadequate compared to the rapidly increasing 


Table 1. Number of villages and population exposed to high 
fluoride groundwater in Rajasthan 


Fluoride 

content 

(mg/1) 

No. of 
affected 
villages 

Total 

population 
under threat 

No, of affected 
children below 

7 years 

0.8-1.4 

269 

262,800 

54,183 

1.5-2.9 

1467 

1,643,542 

331,754 

3.0-4.9 

668 

719,309 

146,168 

5.0-9.9 

255 

238,447 

51,659 

Above 10.0 

43 

35477 

7525 

Total 

2702 

2,899,581 

591,289 


Table 2. Number of villages (district wise) and the fluoride level 
in Rajasthan (value in mg/1) 


District 




10.0 and 

L5-2.9 

3.0-4.9 

5.0-9.9 

above Total 


Alwar 

8 

Dausa 

18 

Jaipur 

126 

Pali 

_ 

Sikar 

2 

S. Madhopur 

4 

Bikaner 

6 

Bharatpur 

48' 

Dholpur 

11 

Dungarpur 

27 

Jaisalmer 

_ 

Jalore 

3 

Nagaur 

250 

Sirohi 

11 


11 

49 

175 

11 

6 

8 

2 

7 

85 

16 

70 

8 


9 - 28 

36 - 103 

116 18 435 

4 4 

5 1 19 

6 5 15 

4 „ 16 

- 56 

- 13 

2 - 36 

3 3 91 

7 3 29 

11 2 333 

1 - 20 
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demands for domestic and industrial uses^. The depth 
of water varies widely throughout the state. To the east 
of Aravalli, the depth is comparatively shallower than 
in the west. It generally varies between less than 10 
and 25 m in the eastern part, whereas in the western 
part, it ranges between 20 and 80 m. The water level 
slopes towards the east and south-east on the eastern 
side, whereas to the west of the Aravalli, it slopes 
towards west and the north-west. 

The problem of high fluoride concentration in ground- 
water resources has now become one of the most 
important toxicological and geoenvironmental issues in 
India. During the last three decades, the high fluoride 
concentration in water resources and the resultant disease 
‘fluorosis’ is being highlighted considerably throughout 
the world. India is also confronting the same problem 
and about 25 million people in 8700 villages are con¬ 
suming water having high fluoride^’^ According to the 
Survey of Status of Drinking Water Supply in Rural 
Habitation’ conducted by the Rajiv Gandhi National 
Drinking Water Mission in 1993, there are 9741 villages 
and 6819 habitations having fluoride content more than 
1.5 mg/1 in groundwater sources. 

Rajasthan is one state where fluoride in high level is 
present in all the 31 districts and has become a serious 
health-related issue in 23 districts, contrary to the earlier 
belief that only those districts coming under the ‘Banka 
Patti’ were affected^”. The studies carried out by the 
Rajasthan Voluntary Health Association (RVHA) noticed 
that the total number of problem villages is 2702 which 
have high fluoride content in groundwaters and a sub¬ 
stantial proportion of the population (i.e. around 3 million 
people) are using high-fluoride water sources. Moreover, 
nearly 35,000 people are consuming water having more 
than 10 mg/1 of fluoride. The most interesting fact of 
the study is that one-fifth of the affected population are 
children below seven years of age. According to a 
survey conducted by the Public Health and Engineering 
Department under the Rajiv Gandhi National Drinking 
Water Mission, New Delhi, (between 1991 and 1993), 
the drinking water sources in 9741 (25.7%) out of 
37,889 villages and 6819 (15%) out of 45,311 habitations 
were found to contain more than 1.0 mg/1 of fluoride 
(the permissible limit according to WHO) in the water 
sources. Table 1 summarizes the number of villages and 


Table 3. Fluoride content in various rocks 


Rocks 

Fluoride range 
(in ppm) 

Average 
(in ppm) 

Basalt 

20-1060 

360 

Granites and gneisses 

20-2700 

870 

Shales and clays 

10-7600 

800 

Limestone 

0-1200 

220 

Sandstone 

10-880 

180 

Phosphorite 

24,000-41,500 

31,000 

Coals (ash) 

40-480 

80 
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Table 4. Fluorosis-affected districts and the prevailing geological 
setup 


District 

Most affected region/tehsil 

Lithology 

Ajmer 

Kekri, Kishangarh 

Mica-tourmaline pegmatites, 
alkali igneous rocks, mica- 
schists 

Alwar 

Lachmangarh, Rajgarh 

Mica-bearing quartzite, lime¬ 
stone (marble), granites, 
calc-gneisses 

Banswara 

Bagidora, Ghatol, 
Kushalgarh 

Basalts, limestone, granites, 
schist, carbonaceous phyllite 

Bhilwara 

Shahpura, Banera, 

Mandal, Jahazpur, Asind 

Mica-tourmaline pegmatite, 
gneisses, mica-schists, lime¬ 
stone, granites, sandstone, 
fluorspar veins 

Barmer 

Balotra, Chohtan, Sheo 

Acid igneous rocks (apatite 
and biotite bearing), mica 
bearing sand, limestone, 
clays 

Bikaner 

Bikaner, Kolayat 

Clays, lignite, evaporites, 
sand 

Bundi 

Hindoli, Nenwa 

Limestone, quartzite, sand¬ 
stone 

Baran 

Anta 

Quartzite, mica-schists 

Bharatpur 

Bayana, Deeg, Kaaman 

Mica-bearing sandstone, 

quartzite 

Chittorgarh 

Begu, Chittorgarh, 

Rash mi 

Limestone, shale, clays, 
mica-schists 

Churu 

Ratangarh 

Lime kankar, granites, mica- 
sand 

Dungarpur 

Aspur, Dungarpur, 

Sagwara 

Granite gneisses, mica- 
schists, asbestos-bearing 

ultra-basics, fluorspar 

mineralization 

Dholpur 

Dholpur, Bari 

Sandstone, quartzite 

Dausa 

Lalsot, Dausa 

Dolomite, schists, quartzites 

Ganganagar 

Suratgarh 

Evaporites, mica-bearing 

sand 

Jalore 

Ahor, S anchor 

Granites, acid volcanics, 
mica-bearing sand, fluorspar 
mineralization 

Jhunjhunu 

Alsisar, Jhunjhunu, 

Khetri 

Mica-bearing sand, mica- 
hornblende-chlorite schists, 
granites, limestone 

Jaipur 

Bassi, Chaksu, Dudu, 

Phagi 

Mica-quartzites, mica-bearing 
sand, clays, limestones 

Jodhpur 

Bilara, Phalodi 

Sandstone, acid igneous 
rocks 

Jaisalmer 

Jaisalrner, Sanu 

Limestone, sand, clay, shale 

Jhalawar 

Jhalrapatan, Dag 

Basalts, limestone, sandstone 

Nagaur 

Didwana, Degana, 

Makrana 

Limestone, clays, mica¬ 
bearing sand 

Pali 

Bali, Pali 

Mica-schists, acid igneous 
rocks, fluorspar minera¬ 
lization 

Rajsamand 

Deogarh, Bhim 

Gneisses, mica-schists, horn¬ 
blende schists, crystalline 
limestone 

Sirohi 

Pindwara, Reodar 

Granites, gneisses, mica- 
schists, acid igneous rocks, 
fluorspar mineralization 

Udaipur 

Sarada, Salumber 

Gneisses, schists, amphi¬ 
bolites, limestone, dolomite, 
granites 
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population affected by high fluoride groundwater in 
Rajasthan‘S^ Village-wise distribution of fluoride level 
in the groundwater in some of the districts is given in 
Table 2. 

Status of fluorosis 

The problem of fluorosis in the state has been known 
for a fairly long time. The term ‘Banka Patti’ (a strip 
of land where deformed people reside) has been in use 
in Rajasthan for over a century and refer to a specific 
belt near Makrana. The first case of skeletal fluorosis 
was reported in 1959 from Jobner (Jaipur district)^. 
Later Thergaonkar and Bhargava‘^ reported the prevalence 
of dental fluorosis in parts of Jhunjhunu district. In the 
last few years many studies on the fluoride issue have 
been carried out and fluorosis was correlated with high 
concentration of fluoride in drinking water and a number 
of cases of fluorosis, both in human beings and domestic 
animals were reported from the state^^'^”^. 

‘SARITA Udaipur’, and we have carried out detailed 
assessment of fluoride content in groundwater sources 
in Dungarpur district and found that 150 villages are 
affected by the fluoride problem where the fluoride 
concentration was found between 1.5 mg/1 and 8.5 mg/1. 
A number of cases of both skeletal and dental fluorosis 
were reported in these villagesBesides, a substantial 
animal population is also suffering from the disease. 
The micro-level study reveals that the dental fluorosis 
is pronounced in those areas where fluoride content in 
groundwater is above 2.00 mg/1. But the skeletal fluorosis 
symptoms were observed only where the water contained 
more than 5.00 mg/1 of fluoride. The non-skeletal mani¬ 
festations are, however, commonly complained of by 
people living where fluoride is above 1.5 mg/1. It is 
estimated that nearly one lakh rural population in the 
district is being affected from the ill effects of the 
disease, whether it is dental fluorosis, skeletal fluorosis 
and/or non-skeletal manifestations. Similar studies are 
underway in Bhilwara district, where in 377 villages, 
the fluoride level in groundwaters ranges between 
1.5 mg/1 and 13 mg/1, thus affecting a population of 
nearly two lakhs 

Fluoride incidence and geological influence 

Fluoride incidence in groundwater is mainly a natural 
phenomenon, influenced basically by the local and re¬ 
gional geological setting and hydro-geological conditions. 
The chief sources of fluoride in groundwaters are the 
fluoride-bearing minerals in the rocks and sediments. 
The important fluoride-bearing minerals are: fluorite 
(fluorspar), fluorapatite, cryolite, biotite, muscovite, lepi- 
dolite, tourmaline, hornblend series minerals, glucophane- 
riebeckite, asbestos (chrysotile, actinolite, anthophyllite), 
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sphene, apophyllite, zinnwaldite, etc. These minerals 
have sufficient amount of fluorine in their composition. 
Even in some minerals like micas where fluorine is 
present as minor constituent, the fluoride content is very 
high. 

Biotite-Fluoride ranges from 970 to 3500 ppm. 

Phlogophite - Fluoride ranges from 3300 to 37,000 ppm. 

Lepidolite ~ Fluoride ranges from 19,000 to 68,000 ppm. 

Muscovite - Fluoride ranges from 170 to 14,800 ppm. 

Since rocks are made up of minerals and the soil is 
derived from parent rocks, fluoride is fairly abundant 
in rocks and soil. Keller^'^ gave the values of fluoride 
in various rocks (Table 3). 

The weathering and leaching processes, mainly by 
moving and percolating water, play an important role 
in the incidence of fluoride in groundwater. The various 
factors that govern the release of fluoride into water by 
the fluoride-bearing minerals are (i) the chemical com¬ 
position of water, (ii) the presence and accessibility of 
fluoride minerals to water, and (iii) the time of contact 
between the source mineral and water. 

In Rajasthan the widespread fluoride-rich water and 
the prevalence of fluorosis in certain areas are also 
indicative of features of regional and local geological 
significance. Table 4 lists some of the important districts 
having fluoride-rich groundwater, along with the impor¬ 
tant geological features responsible for the fluoride 
incidence. 

Conclusion 

The problem of high fluoride concentration in ground- 
waters in Rajasthan has to be tackled on a war footing•^ 
It is high time that an affordable solution is found to 
minimize the fluoride contamination for maintaining the 
good health of the large population of the state. There 
is an immediate need to defluoride the water system 
either by community or by domestic defluoridation tech¬ 
niques. Demonstration-cum-awareness camps for the pur¬ 


pose should be arranged in fluorosis-endemic areas. 
There is a need to carry out detailed fluoride mapping, 
hydrological studies for existing water sources to show 
flow lines and hydro-geochemical survey in areas where 
fluorosis is endemic. In the affected areas, the government 
should apply firm guidelines for the utilization of ground- 
water so that tube wells/hand pumps in high-fluoride 
zones could be discouraged. The short-term solution to 
minimize the fluoride level in drinking water could be 
the use of domestic defluoridation equipments or filters. 
An effort in this regard has been attempted by SARITA 
in a few villages of Aspur Panchayat Samiti in Dungarpur 
district which proved satisfactory and effective. 
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Charge transfer complexes revisited 
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Electron donors such as diethyl ether, benzene, and 
electron acceptors such as halogens combine to form 
charge transfer (C-T) complexes. A C-T complex gives 
a unique absorption band generally in the UV-visible 
region, w^hich is not present in the spectrum of the 
donor or the acceptor. A new approach to study a C-T 
complex is to isolate the complex in the gaseous state 
and find its occupied orbital energies from UV photo¬ 
electron spectroscopy (UVPES), excited states from 
electron energy loss spectroscopy (EELS) and compare 
the orbital energies from ab4nitio molecular orbitals 
(MO) calculations. Combined use of UVPES, EELS 
and MO calculations provides a complete molecular 
description of a C-T complex. Bonding and anti¬ 
bonding orbitals responsible for absorption in a 
C-T complex can be identified. In this article we 
describe this new approach to study C-T complexes. 


Atoms combine in a definite proportion to form a 
molecule. Similarly, two or more molecules can combine 
to give a new complex molecule. Benesi and Hildebrand^ 
discovered this fifty years ago while studying the effect 
of various solvents on the absorption spectrum of 
molecular iodine. A solution of benzene and iodine in 
n-heptane gives an absorption band at 268 nm, which 
is not present in the spectrum of either iodine or benzene. 
The colour of iodine solution in benzene is pinkish red 
whereas it is violet in carbon tetrachloride. They attri¬ 
buted this new absorption band due to the formation 
of an adduct called charge-transfer (C-T) complex. Such 
complexes are formed between the molecules having 
capacity to donate electrons (Lewis bases such as diethyl 
ether, diethyl sulfide, methyl amines, alcohols and ben¬ 
zene) and the molecules having ability to accept the 
electrons (Lewis acids such as I 2 , Br 2 , SO,, BF 3 , AICI 3 
and TiCl^). Therefore, these adducts were also called 
electron donor-acceptor (EDA) complexes, 

Mulliken^ was the first to propose a theory of C-T 
complexes to explain the observation of Benasi and 
Hildebrand. He used the method of ‘valence bond’ by 
considering each member of the complex as an ‘atom’ 
and the D-A pair as a diatomic-like molecule. He then 
wrote a simple diatomic-like wave function for the D-A 
complex as follows: 

(D-A) = aif^ °(D-A) A-), 

'ip^ (D-A) = '(D-A) + - A”). 

After solving these equations, Mulliken showed that 


hv^_rj. = Eg - = /p - -h C. Here D refers to the donor 

and A refers to the acceptor, jp^ and ip^ are wave 
functions of ground and excited states of the D-A 
complex, /g, is the ionization energy of the donor and 
is the electron affinity of the acceptor. This theory 
was fairly successful in predicting C-T band 
Subsequently, molecular orbital methods have been used 
to describe D-A complexes. Notable among them is 
due to Murrel’s perturbation approach^ Dewar’s modeF, 
Fukui et al.'s LCAO method^ and Flurry’s LCMO 
method^\ While the above EDA bonding models have 
their own weaknesses and strengths, none of them has 
considered the complex as a unique entity different from 
its constituents. In the real sense, the C-T complex is 
a new entity formed out of the monomers and it can 
be described using a different set of molecular orbitals. 
Such an attempt has been made by employing ab-initio 
SCF MO theory considering the C-T complex as a 
supermolecule^. 

, On the experimental side, a large number of C-T 
complexes have been studied by a variety of spectroscopic 
methods. Thermodynamic quantities AH and AE of C-T 
complexes have also been documented. A monograph 
on ‘Donor-Acceptor Bond’ by Gur’yanova, Gol’dstein 
and Romm^ gives an excellent account of C-T complexes 
up to 1975. Even though the formation of a C-T complex 
is a molecular phenomenon, they have been largely 
studied in non-polar solvents. Spectroscopic studies of 
C-T complexes in the gaseous state are extremely rare 
and only a few systems such as diethyl ether-I^ have 
been studied in gaseous state''^*’^^ 

MO description of molecules is valid only in the 
gaseous state. Molecular orbital energies are obtained 
from ab-initio MO calculations and direct proof of the 
existence of molecular orbitals came from photoelectron 
spectroscopy of molecules in gaseous state. D. W. Turner 
at Imperial College, London, discovered UV photo¬ 
electron spectroscopy in 1962 and measured ionization 
energies of different molecular orbitals in a molecule 
employing Hel (21.22 eV) photon source‘s Electronic 
excitation of molecules employing an electron beam 
(instead of a photon beam) was also developed during 
1960s where excitation energy in the deep ultraviolet 
region can also be obtained. The method is called 
electron energy loss spectroscopy (EELS)'“. Only after 
the development of UVPES and EELS, quantum-chemical 
calculations describing molecular orbitals were put to 
rigorous tests to describe the MOs of a molecule, A 
large body of UVPES studies of molecules exists in 
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the literature‘1 Since 1980, we have employed UVPES 
and EELS to obtain electron states of C-T complexes. 
While UVPES in conjunction with ab-initio MO calcu¬ 
lations provides energy levels of occupied valence or¬ 
bitals, EELS provides C-T band and also the excited 
states of the complexes. Thus, a complete energy level 
diagram of a C-T complex molecule can be obtained 
by the combined use of UVPES, EELS and MO cal¬ 
culations. In this article, we present this new approach 
to study C-T complexes in gaseous state. 

Electron states of molecules from UVPES 

UVPES is a direct experimental method to obtain ioni¬ 
zation energies of electron states in atoms and molecules. 
In this method, Hel photon (2'P —> VS\ 584 A; 21.22 eV) 
beam collides with molecules and the valence electrons 
whose ionization energy is less than 21.22 eV are ioni¬ 
zed. According to Einstein’s photoelectric effect, hv 
(21.22 tV) = E^ + E^, where E^ is the ionization energy 
and E^ is the kinetic energy of the photoelectrons. 
Kinetic energy of the photoelectrons is experimentally 
determined. Since the photon energy is known, ionization 
energy* can be obtained. According to Koopmans’ 
approximation^"^, each ionization energy (E^) is equal in 
magnitude and opposite in sign to orbital energy of 
electrons. Hence, energy of each MO in a molecule can 
be obtained from UVPES. 

We have fabricated UV photoelectron spectrometers’^ in 
our laboratory. The spectrometer consists of Hel lamp, 
180° hemispherical electron energy analyser and electron 
multiplier to detect electrons. Photoelectron spectra of HCl 
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Figure 1. Hel photoelcctron s[)ectiLim of HCl. 


and H^O molecules are described here to elucidate the 
identification of molecular orbitals by UVPES. 

Photoelectron spectrum of HCl molecule is given in 
Figure 1. H-Cl molecule is formed by the overlap of 
H(ls) and Cl (3p^) orbitals and the remaining four 
electrons of Cl atom in 3p orbital (3pJ, 3p^) remain 
non-bonding. Thus, the lowest ionization energy of HCl 
molecule should correspond to lone pair orbitals on Cl 
in HCl and the second ionization energy should corre¬ 
spond to bonding orbital. This is what is observed 
from the UVPES. The first two peaks at 12.75 eV are 
due to non-bonding Cl (3p) electrons on Cl in HCl and 
the second set of peaks beginning from 16.2 eV are due 
to bonding electrons. Since two lone pair orbitals 
are equivalent and they have jr-type symmetry, they are 
split into two peaks due to spin orbit splitting. 

Though a single ionization peak is expected for 
there are several peaks beginning from 16,2 eV. On 
removal of an electron from orbital of HCl, HCL 
is produced. In the photoionization process, an electron 
from ground electronic state and ground vibrational state 
in the neutral molecule is excited to the ground electronic 
state of HCr ion. Due to Frank-Condon principle, 
vibrational excited states of HCL are accessible for 
photoionization. The set of peaks from 16.28 eV to 
17.5 eV is the vibrational progression of HCP ion. 
However, ionization energy of the is 16.28 eV. 

Excited states from EELS 

In this method, a monochromatized electron beam collides 
with the molecules. Electrons involved in exciting the 
molecule lose their kinetic energy. The energy loss in 
the process of excitation is exactly equal to excitation 
energy. We have fabricated electron energy loss spec- 
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Figure 2. Hiccuun cnoig) loss speciriini of HCl. 
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trometers for molecules*^. Electron energy loss spectrum 
of HCl in the gaseous state is given in Figure 2, Not 
only do the electrons get excited to antibonding MOs, 
they can also get excited to atomic levels of chlorine 
which are called Rydberg states. Transitions are assigned 
based on quantum defect calculation*^. A complete energy 
level diagram can now be drawn knowing occupied 
molecular orbitals from UVPES and excited states from 
EELS, which is shown in Figure 3. Notice that all the 
energy levels are with reference to zero energy scale. 
Atomic orbital energies of H(ls) at --13.6eV, Cl(3p) at 
-13 eV and the MO energies of n^, (-12.75 eV), 
(-16.2 eV) are obtained from UVPES experiments. From 
the excitation energies obtained from EELS, or*^j, 4p 
and 4d Rydberg states are fixed. Thus, UVPES and 
EELS give a complete energy level diagram starting from 
energy levels of atoms. It is interesting to see that the 
two lone pairs Cl (3py, 3p^) in the MO diagram have 
essentially remained at the same level as that in Cl 
atom true to the meaning of non-bonding orbitals. Cl 
(3p^) and H(ls) bonding orbitals have shifted to -16.2 eV 
in the HCl molecule. Such a simple description of the 
MOs is not possible in the case of polyatomic molecules. 
Therefore, it is essential to employ quantum mechanical 
methods to obtain energies of molecular orbitals. 


MO calculations 

Ab-initio MO calculations have been generally successful 
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in predicting the geometry, orbital energies, dipole 
moment, vibrational frequencies, binding energy and 
many others properties of molecules. 

Many ab-initio MO programs have been developed 
anjd among them, Gaussian system of programs by 
Pople*^ and his co-workers are widely used. These 
Gaussian programs (latest being Gaussian-96) are com¬ 
mercially available. Input to these programs is a Z 
matrix, which specifies the atoms forming the molecule 
and their relative positions, namely, the distances and 
angles with each other. Optimization of geometry is 
carried out to obtain a minimum energy structure. 

MO calculations of H 2 O with 6-31G* basis set, for 
example, give five distinct sets of orbital energies at 
-13.55 eV, -15.52 eV, -19.37 eV, -36.61 eV and 
-556 eV. From the coefficients of the atomic orbitals 
of oxygen and hydrogen, the highest occupied orbital 
at -13.55 eV has 0(2p^) character and n symmetry. The 
second orbital at -15.52 eV lies in the H-O-H plane 
and has a-type symmetry. The third orbital is due to 
cTqpj at -19.37 eV. The fourth orbital at -36.61 eV is 
due to 0(2s). The orbital at -556 eV is due to 0(ls), 
not participating in bonding with H(ls). This is the 
delocalized electron description of HjO molecule from 
ab-initio MO calculations. 

UVPES of H 2 O shown in Figure 4 gives peaks at 
12.61, 14.74 and 18.51 eV corresponding to jr-type 0(2p) 
nonbonding orbital (Uq (1)), cr-type 0(2p), ((nQ(2)) and 
<7 qh orbitals. 0(2s) is observed at 32.5 eV when higher 
energy photon is used in the UVPES experiment. 0(ls) 
of H^O in vapour phase is observed around 545 eV 



Figure 4. Hel photoelectron spectrum of H^O molecule. 


Figure 3. Energy level diagram of HCl molecule. 
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from X-ray photoelectron spectroscopy. Thus, orbital 
energies from MO calculations are close to the observed 
values by photoelectron spectroscopy. 

Electron energy loss spectrum of H^O molecule in 
Figure 5 shows excitation bands at.7.31, 9.64, 10, 10.58, 
11.04 and 11.54eV. First excitation band at 7.31 eV 
(169 nm) is assigned to ;r-type 0(2p) to 3s (a*) and 
it is deep inside the UV region. Higher transitions are 
due to 0(2p) to 0(3p), 0(3d), 0(4s), 0(4p) and such 
Rydberg (atomic-like) transitions”. A complete energy 
level diagram of H^O based on UVPES and EELS is 
drawn in Figure 6 starting from two hydrogen atoms 
and one oxygen atom. Thus, the 6 valence electrons of 
oxygen and two valence electrons from two hydrogen 
atoms are occupied in four molecular orbitals. The two 
lone pairs on oxygen are non-equivalent in H^O molecule. 
A similar approach can be followed to obtain energy 
level diagram of a C-T complex molecule starting from 
a donor and an acceptor. 

Diethyl ether-I^ C-T complex 

Diethyl ether-iodine [CjH5)20-IJ is a typical C-T com¬ 
plex. The complex gives a C-T band at 249 nm. For¬ 
mation of this complex is described by the transfer of 
electrons from highest occupied oxygen lone pair in 
ether molecule to the antibonding cr* (cr^,) of I, molecule. 
Heat of formation of this complex is 4.3 kcal/mole. Even 
though this complex has been studied extensively, several 
questions remained unanswered. They are (a) what is 
the geometry of the complex? What are the donor and 
acceptor orbitals involved in the bonding? What are the 
bonding and antibonding orbitals involved in the 
absorption of hVj,.,.? Where are the electron states of 
the complex molecule vis-a-vis electron states of their 
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Figure 5. Electron energy loss spectrum of H 2 O. 
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monomers? Hel UVPES, EELS and MO calculations 
have given answers to these questions. In Figure 7, we 
show Hel UVPES of (C2H5)20, and their complex. 
Just as in H 2 O, there are two lone pairs of electrons 
on oxygen of ether molecule, nQ(l) and nQ(2) at 9.6 eV 
and ll.leV respectively. nQ(l) is a jr-type lone pair 
on oxygen and nQ(2) is the cr-type lone pair in the 
C-O-C plane. Ionization energy of ^ of 

ether occurs in the range 12-16 eV, UVPES of I 2 
molecule gives two peaks due to (split due to spin 
orbit splitting), two peaks due to and a single peak 

due to (jg of I^. The MOs of I 2 are shown in the inset 
of the figure. Upon complexation, iodine orbitals are 
shifted to lower ionization energy while the lone pair 
orbitals of oxygen in diethyl ether are shifted to higher 
ionization energies as shown in the diagram. Such an 
unambiguous assignment has been possible from ab-initio 
MO calculations^'^ The MO calculations showed that 
the optimized geometry of the molecule has C 2 y symmetry 
(Figure 8). Calculations at the MP2/3-21G'^' level gave 
an interaction energy of 4.5 kcal/mol agreeing well with 
the experimental value of 4.3 kcal/mol. From the coef¬ 
ficients of atomic orbitals, we have confirmed the or¬ 
dering of the molecular orbitals. Accordingly, the a-type 
lone pair orbital on oxygen of ether, no(2) is bonding 
with of I 2 and not the highest occupied :T:-type nQ(l) 



Fij^urc 6, L'.lcclron slates of H^O molecule, 
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of oxygen of ether hitherto believed. Thus, UVPES 
study in conjunction with MO calculation has now 
provided the ordering of the MOs of the C-T complex. 

Figure 9 gives EELS of l 2 --ether complex and their 
monomers^”. Electron energy loss spectrum of diethyl 
ether gave absorption bands at 6,5 and 7.2 eV due to 
and nQ(2)“^cr* transition. Higher energy 
transitions have not been identified. EELS of I 2 shows 
a band at 2.4 eV corresponding to 540 nm visible band 
of I 2 . The intense band at 6.9 eV is due to I (6p) 
Rydberg transition. EELS of the C-T complex shows 
a C-T band at 4.9 eV (249 nm), which is exactly the 
same as observed in UV visible spectroscopy. The 

2.4 eV band is blue shifted to 2.7 eV in the complex. 
The deep ultraviolet band at 6.9 eV is blue shifted to 

7.5 eV. From EELS, we now have exact energies of 
excited states in the complex. From the UVPES and 
EELS we have obtained electron states of the C-T 



Figure 7. Hel UV photoelectron spectra of diethyl ether, iodine and 
their C-T complex. 
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complex from corresponding frontier orbitals of 
diethylether and I 2 . This is shown in Figure 10. The 
and cTg of I 2 and EqCI) and nQ(2) of ether are obtained 
from UVPES. Location of of I 2 is now possible 
because, excitation energy from to is 2.4 eV. The 
position of I(6p) is also available because the second 




Figure 8. Optimized molecular geometiy of (CiH^liO-I and (C 2 H.j) 2 S-l,. 



Figure 9. Electron energy loss spectra of ether, 1, and their complex. 
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transition is at 6.9 eV. Due to C-T complex formation, 
the n^Cl) and no(2) are shifted to higher ionization 
energies and the orbitals of I 2 are shifted to lower 
ionization energies, which are determined by UVPES. 
From MO theory, the bonding orbitals are of ether 
and of Position of the first excited state of the 
complex should lie 4.9 eV above the shifted n^ of ether 
after complexation. The first excited state of the complex 
is also the same level to which the type of 

transition in the complex should occur which is at 
2.7 eV. Thus, of the complex is uniquely fixed. The 
figure illustrates that C-T complex is formed from the 
donor and acceptor orbitals and it is a new molecule. 
The bonding and antibonding orbital pairs are clearly 
defined and the transition from the bonding to anti¬ 
bonding level corresponds to the C-T band. If the C-T 
band was due to charge transfer from highest occupied 
lone pair from ether ^ 1 ^( 1 ) to of I 2 as proposed by 
Mulliken, the C-T band should have occurred at about 
3.5 eV but no such band is observed experimentally. 

To test this methodology, diethyl sulphide-l 2 C-T 
complex has been studied and in Figure 11, UVPES of 
this complex is shown. It is clear that the orbital 
energies are stabilized and lone pair orbital energies of 
sulphur are destabilized. From MO calculations of 
(C 2 H 5 ) 2 S-l 2 complex'^'^, it is jr-type lone pair electron 
on S that interacts with of I 2 . The optimized geometry 
is shown in Figure 8. The molecule has C^. symmetry. 
The C-T band is at 4.2 eV and indeed, the excitation 
energy from the shifted :7r-type lone pair, ns(l), to the 
shifted of I 2 is 4.2 eV as shown in the energy level 
diagram of complex shown in Figure 12. Again, the 
C-T band is due to excitation of the electron from 
bonding to antibonding orbital of the C-T complex. 

We have studied (C2H5)20-Cl2 and (C2H5)20-Br2, and 
> found that bonding is between a-type of oxygen lone 
pair of oxygen with ar^ of CI 2 and Br 2 in the case of 
diethyl ether. But in the case of (C 2 Hg) 2 S-Br 2 complex, 



Figure 10. Electron states of ether, U and their C-T complex. 
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Figure 11. UVPES of diethyl sulphide, I, and their C-T complex. 



Figure 12. Eleciron .stales of dielh)! sulphide-1, eoniplex. 
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bonding is between jr-type sulphur lone pair with of 
Br 2 . Thus, in general, donors containing S, the highest 
occupied lone pair on sulphur that is bonding with cj* 
of Brj, Cl^. 

Strength of the C-T complexes formed is reflected 
in the amount of shifts in the ionization energies of 
MOs of donors and acceptors. Higher the strength, higher 


is the shift. Amines NH 3 , CH 3 NH 2 , (C 2 H 5 ) 3 N are also 
good donors where N has one lone pair electron. Unlike 
in the case of O and S containing ligands, bonding 
between amine and halogen is simple. Interaction is 
between the lone pair on nitrogen with of halogen^^ 

Complexes with BF 3 and TiCl^ 



BF 3 and TiCi^ are Lewis acids. H 2 O, H 2 S, (C 2 H 5)20 
and all such Lewis bases combine with BF 3 to form 
1 : 1 molecular complexes^^. Photoelectron spectra of 
BF 3 , H 2 S and H 2 S-BF 3 are shown in Figure 13. An 
entirely new set of MOs is formed on complexation^^. 
Similar studies on the complexes of SO 2 with amines 
have been reported by us^'^. TiCl^ is found to form 
1 : 2 addition complexes with diethyl ether and diethyl 
sulphide^^ TiCl^ is a tetrahedral molecule. Nearly 
octahedral type of molecule is formed when reacted 
with diethyl ether. Geometry of the complexes formed 
is shown in Figure 14 a and b. Here again, the cr-type 
lone pair of oxygen in ether is interacting with Ti 
whereas jr-type ng(l) of S interacts with Ti. UVPES 
and EELS of these complex molecules have been studied 
and the electron energy level diagrams have been obtained 
as shown in Figure 14 c. 


Future trends 

With all these advances in MO calculations, occupied 
energy levels of complex molecules are predicted 
reasonably well but excited state energies are difficult 
to predict accurately. Accurate prediction of charge 
transfer excitation energy has not yet been possible 



c 



Figure 14. (fl) and (/;) optimized geometry of TiCh complexs. (c) Electron state.s of TiCl^-Z complex. 
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Figure 15. Optimized geometry of complex. 


except by Mulliken’s empirical method. Benzene-iodine 
C-T complex was studied 50 years ago but energy 
levels of have not been obtained by UVPES, 

EELS or MO calculations so far. This is because 
interaction energy is small and the complex dissociates 
before it is brought to the photon beam collision chamber 
in the UVPES experiment. It is essential to have a 
nozzle expansion cell where beams of benzene and I 2 
molecules are brought and made to collide with Hel 
photon. However, we have studied C^H^-ICl complex 
recently. The optimized geometry of the complex is 
shown in Figure 15. MO calculations show that bonding 
is between centre of a C-C n bond or one of the 
carbon and the of ICl. 

Electronic excitation by EELS is a versatile experi¬ 
mental technique and the method is much less used 
mainly because of non-availability of commercial instru¬ 
ments. Relative intensities of excitation peaks, electron 
impact excitation cross-section of molecules have not 
been studied. UVPES and EELS coupled with MO 
calculation is also an ideal subject of basic research. 
High resolution UVPES and EELS coupled with higher 
'level MO calculations would provide more insight on 
the bonding in molecules. 

Photoelectron-photoion mass spectrometric study 
would give mass of the complex molecule directly. 
Almost no study of obtaining mass of a C-T complex 
molecule exists in the literature. Primary mass peak of 
the complex molecule followed by the fragments of the 
molecular ion would give direct information on the 
dissociation characteristics of C-T complexes. 


Conclusions 

UVPES, EELS and MO calculations of typical C-T 
complexes have shown that they are new molecules 
formed out of monomers. Complete electron energy level 
diagram of a C-T complex can be obtained by this 
combination of experiments and theory. Electron states 
involved in the C-T excitation have been determined 
in typical C-T complexes and the method is general 


enough to study a large number of C-T complexes in 
gaseous state. , 
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Cloning of the PCR products is being increasingly used 
by a number of laboratories working on a diverse range 
of problems. There are a number of methods available 
each one with its relative advantages and disadvan¬ 
tages. This review seeks to highlight some of these 
methods and discuss their practical applicability under 
different experimental conditions. 


In the last 10 years, polymerase chain reaction (PCR) 
has emerged as a very useful and robust technique for 
researchers. Cloning of a PCR product is often useful 
for further characterization like restriction mapping, 
sequencing and also for expression and functional analy¬ 
sis. Sequencing of a cloned product is easier because 
many cloning vectors are commercially available, with 
a choice of specific primer sequences (M13 F & R, 
T3, T7, SP6) flanking the multiple cloning site in 
opposite directions. There are basically two approaches 
for cloning PCR products. The first is to start with any 
PCR-amplified fragment and insert it into the vector by 
ligation in vitro (ligation-dependent cloning). The second 
is to generate a PCR fragment, having suitable ends 
which can be inserted into the vector without ligating 
it enzymatically in vitro (ligation-independent cloning). 


Ligation-dependent cloning 

In ligation-dependent cloning, the DNA fragment of 
interest (insert) is ligated to the vector, using DNA 
ligase and then, this ligated product is used to transform 
bacteria. This is followed by selection of colony with 
right-sized insert. Here any DNA can be ligated into 
any vector. In this sense, this type of cloning offers 
versatile options. 

The strategies successfully employed for ligation- 
dependent PCR product cloning include: 


Blunt end ligation 

The conventional approach to clone PCR product is by 
blunt end ligation. Since the PCR product, amplified by 
Taq DNA polymerase has ragged ends, it is first smoothed 
by 3' —> 5' exonuclease activity of either of the following 
enzymes: Kienow fragment of E.coli DNA polymerase, 
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T4 DNA polymerase. Vent or deep Vent DNA polymerase 
and Pfu DNA polymerase. Pfu DNA polymerase seems 
to be the best of these enzymes though it is the most 
expensive. Also, a PCR reaction with either Vent or 
Pfu DNA polymerase gives rise to a blunt-ended product 
which does not need any polishing reaction. 

The vector is digested with restriction enzymes (RE) 
(e.g. EcoPN, Smal, Hindll, etc.) that gives blunt ends. 
For some unknown reason/s ligation efficiency is 5-50 
times more when EcoPN is used, compared to other 
enzymes ^ The vector is dephosphorylated with alkaline 
phosphatase to reduce vector self-ligation. In next step, 
vector and insert are ligated to their blunt ends using 
T4 DNA ligase (Figure 1 a). 
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Figure 1. Ligation of PCR products: n, blunt end ligation; b, generation 
of sticky ends on an insert by primer modification. 
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This is a multistep process and complete removal of 
alkaline phosphatase (used in the dephosphorylation step) 
is sometimes a problem. The residual enzyme reduces 
ligation efficiency. Overall efficiency in blunt end ligation 
is far less than sticky end ligation, making this strategy 
less preferred. Also while cloning PCR product, the 
need of adding/modifying one or few bases to the 
vector/insert, may not allow cloning for expression. 

In the commercially available cloning system (PCR 
script), the vector is linearized with a rare 8 base pair 
cutting enzyme Srfl, which remains active in the pro¬ 
prietory ligation buffer. The insert and ligase are added 
to it. When vector self-ligation occurs during the ligation 
step, Srfl linearizes it again so that the effective linear¬ 
ized vector concentration remains high^. 


Modification of primers 

Regarding efficiency, the most successful approach is 
to incorporate sticky end restriction enzyme site at the 
5' end of PCR primer. The idea is to digest the PCR 
product and vector with the same restriction endonuclease 
followed by sticky end ligation of them (Figure 1 b). 

This strategy has two disadvantages. Firstly, these 
PCR products having RE site at ends very often cannot 
be digested to create sticky ends as expected^'"^, defeating 
the purpose of the exercise. Secondly, if the same RE 
site is also located within the insert, the fragment gets 
digested. In case of long primers (18-30 mers), incor¬ 
poration of the RE site to 5' end may not change the 
primer-binding kinetics to template very much; but in 
techniques like RAPD analysis, where as short as 10 mer 
primers are used, incorporation of extra bases to create 
RE site at 5' end of primers effectively changes the 
PCR reaction kinetics. So the RE site has to be within 
the 10 mer itself, to be used as a primer. 

A strategy has been proposed by Stoker^ to avoid the 
above problem, where, by carefully designing the primer 
and exploiting the exonuclease activity of T4 

DNA polymearse, PCR cloning can be done directionally. 
In this method two long primers having the sequences 
(CG and CCGG respectively) at their 5' ends are used. 
PCR fragments amplified by these primers are incubated 
with T4 DNA polymerase and only dATP and dTTP 
but no dCTP and dGTP (Figure 2). T4 DNA polymerase 
cleaves the 5' end. A and T are replaced Eut not C 
and G. This gives Xmal and Accl sites at the two ends 
of PCR fragment to be ligated. This permits directional 
cloning without any RE treatment. The same strategy 
may be used for making other RE sites. 

Bhat et al^ tried a strategy where PCR fragment 
was incubated with T4 DNA polymerase and T4 
polynucleotide kinase together in a universal buffer 
system with dNTPs and ATP. The insert, thus flush- 
ended smoothed and phosphorylated was then blunt 
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end ligated with nonphosphorylated BarnYil linker 
(5'CCGGATCCGG30. In the next step, the whole mixture 
was diluted so that linker concentration dropped to 
1-2 p.M; dNTPs and Taq polymerase were added and 
PCR carried out. The DNA fragment thus amplified was 
then BamHl digested and cloned into vector by sticky 
end ligation. The major advantage of this technique is 
that a very small amount of DNA can be cloned. 

Vector modification 

The popular approach so far for cloning PCR products 
is by vector modification. Though many thermostable 
DNA polymerases are available commercially, Taq DNA 
polymerase is the most widely used enzyme. Products 
amplified with Taq DNA polymerase, very often have 
a y overhang of single nucleotide, which almost always 
is adenine (A), due to Tafs, strong preference for 
dATP^’^ Many researchers have tried to capitalize the 
presence of this extra A at the 3' end. The goal is to 
create an extra T overhang at 3' end of the vector, now 
called T vector. When a Taq polymerase amplified DNA 
fragment is ligated to such a vector, the 3' A of the 
insert DNA and 5' T of vector complement each other 
and ligase catalyses the formation of the phosphodiester 
bonds. T vectors have an added advantage, due to y 
T overhang, they do not self-ligate. 

Since ligation in T vectors is at least 50 times more 
efficient than blunt end ligation'^“‘\ these can also be 
used for cloning PCR amplified fragments generated by 
Vent or Pfu DNA polymerases which gives blunt-ended 
products. Here an extra 3'A is added to the DNA 
fragment by incubating it with dATP and Taq DNA 
polymearse (Figure 3). Also, when a DNA fragment to 
be cloned has RE sites at its ends which are not present 


5’ CGATTTC - 

5* CCGGTGC - primcf 

I PCR 
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3’ GCTAAAG 
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3' TAAAG 
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CGTGGCC 5* 


T4 ONA Pol. 

♦ dATP 

♦ dTTP 


Xmal 


GCA 3* 
CGTGGCC 5* 


STICKY END LIGATION 

Figure 2. Directional cloning of PCR product by primer modification. 
Here defined cohesive termini are created by T4 DNA polymerase. 
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in the vector, the ends are first smoothened by exo¬ 
nuclease activity. An extra A is then added to the 3' 
ends to make it compatible with a T vector (Figure 4). 


Strategies for making T vectors 

For generating a 3' single T overhang, an EcoRV cut 
vector, having blunt ends can be incubated with Taq 
DNA polymerase and dTTP. Taq polymerase will add 
an extra T to the 3' ends of the linearized vector because 
of its property of adding an extra nucleotide independent 
of template. The vector, with a 3' T overhang, called 
T vector, now can then be ligated with PCR product 
(preferably kinased)'^ (Figure 5), At least two groups of 
such vectors, having 3' T overhangs (TA vector, 
Invitrogen, CA and pGEMT, Promega, USA) are com¬ 
mercially available. 

However, The companies supply linearized vectors 
having 3' T overhangs ready for ligation. The limitation 
is not only the cost, but also the linearized vector has 
to be handled carefully and within a span of six months. 
Repeated freeze thawing leads to loss of the T overhang 
and thereby reduced efficiency. 

Another method to create a 3' T overhang is to 
incubate the smooth-ended vector with terminal trans¬ 
ferase and ddTTP'‘\ The use of ddTTP ensures addition 
of only one T residue. A ddT tailed vector can ligate 
directly to a PCR product with a 3' A overhang. It is 
claimed that 90% of the transformants was recombinant 
and 80% of them had insert of correct size. 

While making any type of T overhang, depending on 
the efficiency of the extra T addition, many vector 
molecules would not have any T overhang. These would 
self-ligate to increase the background colonies. An 
approach for increasing the proportions of effective T 
vector concentration and reducing background has been 
suggested by Hadjeb and Berkowitz'l After adding an 
extra T overhang using Taq polymerase, to the blunt- 
ended vector, the whole reaction mixture was subjected 
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to ligation reaction followed by agarose gel purification. 
The vector molecules without the T overhang self-ligated 
and migrated differently on gel while the ligated mole¬ 
cules had a different mobility. The linearized vector 
with 3' T overhang formed a single band. This band 
was purified and used for ligation. Increase in cloning 
efficiency from 5% to 80% by incorporation of this 
step has been reported. 

An innovative approach for making a T-vector capi¬ 
talizing on the property of a rare restriction enzyme 
Xcml was first proposed by Mead et and later 
improved by Schutte et al}^. Mead et al. synthesized 
a linker which has two Xcml sites in the middle and 
jBcoRI and Hindlll sites at both ends. The linker was 
designed so that when inserted into the EcoRl and 
Hindlll double-digested vector, it did not disrupt the 
open reading frame of the LaeZ sequence and retained 
the blue white selection advantage. On Xcml digestion, 
it released a very short fragment, thereby leaving the 
vector having two Xcml digested ends with 3' T over¬ 
hangs (Figure 6 a). The main advantage of this strategy 
is that T overhang is produced by enzymatic digestion. 
But even in this strategy, a gel purification step to get 
rid of the short DNA fragment (36 bp) generated upon 
digestion of the engineered vector is needed to increase 
the cloning efficiency. This step not only reduces the 
yield of ‘ready to ligate’ vector, but also the left over 
agarose may reduce the efficiency of ligation. 

To avoid this gel purification step, Schutte et ald^ 
designed a much shorter linker, (Figure 6 b) which 
releases around 20 bp fragment upon digestion. This 
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Figure 4. Strategy for making 3' A overhang in sticky end insert to 
make it compatible to T vector. 


Figure 3. Generating 3' A overhang in insert for cloning in T vector. 
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fragment can be removed by using commercially available 
columns or glass beads. In this strategy, 100% of the 
vector used for ligation will have a 3^ T overhang, an 
advantage over other methods. These engineered vectors 
are available from the ATCC. 


Ligase independent methods 

Since in most cloning experiments, the efficiency of 
ligation is a major limiting step, strategies have also 
been developed to avoid ligase reaction during cloning. 

Shuldiner et first described a PCR-based 

recombination-dependent strategy for directional cloning. 
The first step was to amplify the insert DNA with a 
set of primers whose 5' ends were complementary to 
the 3' ends of the desired linearized plasmid vectors 
(primer a & b in Figure 7). The PCR product, cleaned 
from excess primers was divided into two and then 
added to an equimolar amount of vector in two separate 
tubes. In one tube primer a & c and in the other, the 
other primers b & d were added. Both were amplified 
by PCR. During the first cycle of PCR, some of the 
5' ends of the PCR products annealed to the 3' ends 
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Figure 5. Strategy for making 3' T overhang by Tacj DNA polymerase. 
Adapted from ref. 9. 


of the plasmidsExtension resulted in the ligation of 
the PCR insert into the complementary 3' end of the 
plasmid. Subsequent cycles amplified the ‘ligated’ pro¬ 
duct in each tube. In next step, amplified products from 
both tubes were mixed together, denatured with NaOH, 
neutralized in boiling Tris and incubated for 3-6 h at 
60°C. This resulted in complementary heterologous re¬ 
annealing followed by cyclization of the recombinant 
DNA, ready for transformation of host. 

It is a fast, easy and reliable strategy without the 
need of any restriction or modifying enzyme. However, 
the primers have to be designed carefully so that 5' 
ends of the PCR product anneal with 3' ends of the 
desired linearized vector in the first PCR step. This 
approach has its own limitations too, e.g. it requires 
two plasmid specific primers in addition to the two 
PCR target primers (which are synthesized by addition 
of several extra bases at 5' end to obtain complementary 
ends to the 3' ends of the linearized plasmid intended 
for cloning into). Besides, several steps are necessary 
before the insert-containing plasmid is ready for bacterial 
transformation, including amplification of the complete 
cloning vector in a PCR reaction, which restricts the 
size of the plasmid to be used. 

Garces and Laborda’^ have improved this strategy by 
making it a single step reaction. They used two 40mer 
primers, the 5' 20 bp of each corresponding to the 
plasmid sequence immediately adjacent to the cloning 
restriction site of choice on either side. PCR amplification 
with these primers generated products whose 5' ends 
were complementary to the 3' ends of the plasmid at 
both extremes of the cloning site. The product was then 
denatured and annealed with the same restriction 
enzyme-digested vector (Figure 8). The annealed product 
was then subjected to extension reaction. Cyclization of 
this product gave recombinant DNA ready for transfor¬ 
mation of bacteria. This is a single tube reaction using 
only two primers. Larger size vectors can also be used 
as efficiently. 

To make ligase independent cloning easier a UDG 
vector'"'^ has been introduced. Here, at the 5' end of the 
PCR primers, instead of adenine (A), uracil (U) is 
incorporated^'^"'^ So, all the PCR amplified products 
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Figure 6. Linkers incorporated into the multiple cloning site of vector to generate T vector by Xcml digestion. 
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Figure 7. Strategy for ligation independent cloning. Adapted from ref. 14. 



Rasmid Linearization 
a1 Restriction site 

Y 

O ■ ■ ' O •-—0-0^' 

3. 0—0 . 00 3* 0—0—-5. 

PCR Product 


5'o—O- 


Step I 


"H- 


Ocnaturation 
A Annealing 






PCR 




^11 ^1 I I I I II 


-— 0-0 

I I I I I M I I ^ ^ 

- 0-0 ■ ■" '■O 0 


5‘ 


Step II 


Extension i, Cyclization 
Y 





ON^ 


Figure 8. One-step strategy for ligase independent cloning. Adapted 
from ref. 17. 


have U in place of A at their 5' ends (Figure 9). The 
PCR product is then cleaved with enzyme uracil de- 
oxyribonucleotide glycosylase (UDG) which cleaves all 
the U residues disrupting base pairing and thereby 
exposing the 3' overhangs. The UDG-treated product is 
then allowed to anneal to the complementary 3' ends 
of UDG cloning vector. This UDG vector has both 
ampicillin resistance and cloning sites within the LaeZ 
gene sequence, making selection of proper transformants 
easy. 

Kumar and Varshney^*^ have further improved this 
strategy of utilizing UDG for cloning. They synthesized 
primers with one U residue at a key position within 
last few bases at the 5' ends. The exact place of 
incorporating U is shown in Figure 10. When amplified 
products of these primers were digested with UDG, the 
U residues were cleaved. As a result the bases 5' to 
this U residue could not form stable pair rendering a 
sticky end for SacL This product was then ligated to 
Sad digested cloning vector. This approach has the 
advantage that (i) only one U is to be incorporated into 
the primer, which not only avoids a repeat sequence at 
the both ends of the product but also eliminates the 
need of synthesizing a long primer, (ii) Since all the 
commonly used vectors have a Sad site in the multiple 
cloning site, no specialized vector is needed for cloning. 
Generation of other restriction sites may also be possible 
by this strategy. 

These ligase independent methods have the advantage 
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Figure 10. Cloning of PCR product using UDG, by incorporation of 
a single U residue in the primer. Adapted from ref. 20. 


of avoiding the multiple steps like (a) preparation of 
vector and insert, (b) making suitable changes at the 
vector/insert ends, (c) ligation reaction, etc. The limitation 
of this approach is that the primers for every PCR 
product have to be specifically synthesized. 

This set of strategies is by no means exhaustive and 
the list keeps on increasing. The final choice of strategy 
will depend on the requirement of the particular labo¬ 
ratory. However, when primers are common for a number 
of targets to be cloned, ligase independent methods are 
to be preferred, otherwise ligase-dependent methods are 
advantageous even after taking into account the various 
problems and often inefficient nature of ligation and 
transformation. 
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A three-dimensionally modulated structure 
in a chiral smectic-C liquid crystal 

P. A. Pramod, R. Pratibha and N. V. Madhusudana 

Raman Research Institute, C. V. Raman Avenue, Bangalore 560 080, India 


In this article we report the discovery of a new twist 
grain boundary phase. This phase is characterized by 
a 2-dimensional undulation of the smectic-C^-like 
blocks in the form of a square lattice. We suggest that 
this three-dimensionally modulated structure, which 
was not anticipated by theory, owes its origin to chiral 
interactions. 


The formal analogy between superconductors and smectic 
liquid crystals was invoked by De Gennes' to predict 
the possibility of an intermediate phase with a lattice 
of dislocations in smectics. Goodby et al? discovered 
such a structure in a highly chiral liquid crystal. This 
twist grain boundary (TGB^) phase consists of a helical 
stack of blocks of smectic-A (S^) liquid crystal, separated 
by grain boundaries made of an array of screw dis¬ 
locations (Figure 1 a), in accordance with a structure 
which had been worked out by Renn and Lubensky^ 
Unlike superconductors, smectic liquid crystals can have 
other modifications like the smectic-C (S^) in which 
the molecules are tilted with respect to the layer normal 
and the smectic-C* in which the tilt direction has 
a helical arrangement about the layer normal. Although 
TGB phases with Sc-like blocks (TGBc) (Figure 1 b) 
and Sc*-like blocks (TGB^,) have been theoretically 
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predicted'^ ^ only the TGB^. phase has been experimentally 
characterized in some detail^’*^. Liquid crystals are rather 
soft, and can exhibit novel geometrical structures. We 
have found in a binary mixture a new TGB phase which 
has a 2D undulation of the blocks in the form of 
a square lattice. 

Experimental 

The new phase was found in binary mixtures of the 
chiral compound 4-(2'-methyl butyl phenyl 4'-n-octyl 
biphenyl-4-carboxylate (CE8)) and 2-cyano-4-heptyl- 
phenyl-4'-penty 1-4-biphenyl carboxylate (7(CN)5) which 
have very similar lengths and molecular structures. On 
heating, CE8 exhibits the phase sequence (with tem¬ 
perature in °C): crystal 67 70 85 134.6 

140.5 /, where //* stands for chiral nematic and 1 for 
isotropic phases. On the other hand, 7(CN)5 has a wide 
nematic range (crystal 45 102 /) and X-ray studies 

have shown that it has a strong skew cybotactic (S^-like) 
short range orderl The phase diagram of the binary 
mixtures is shown in Figure 2. The TGB phases are 
found only in mixtures with - 5 wt% to 45 wt% of 
7(CN)5. Most of the physical studies were conducted 
on a mixture with about 36 wt% of 7(CN)5, which 
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exhibits the following (known) phases on cooling: 7 
121.7 7/* 76.8 TGB^. Observations using a polarizing 
microscope show that as the sample is cooled further 
to 63°C, there is a distinct transition from the TGB^ 
phase to another phase, in which large patches develop 
a square grid pattern. As the temperature is lowered 
below 59°C the grid becomes less distinct. 

In a cell whose glass plates are pretreated with poly- 
imide and unidirectionally rubbed so that the nematic 
director has a planar alignment, the TGB^ phase exhibits 
a Grandjean plane texture^ similar to the cholesteric 
phase. In such a sample the boundary condition ensures 
that the helical axis is perpendicular to the glass plates. 
The local changes in the cell thickness produces sym¬ 
pathetic variations in the helical pitch producing the 
Grandjean plane texture. As the director alignment is 
fixed on the glass surfaces, only an integral number of 
half pitches can be accommodated between the plates. 
The number changes by unity across each Grandjean 
Cano (GC) dislocation line. As the temperature is lowered 
the texture goes over to a well-aligned square grid 
pattern, one of the axes of which is parallel to the 
rubbing direction. In wedge-shaped samples, the GC 
lines are seen in both the TGB^ (Figure 3 a) and the 
new phase with the square grid (Figure 3 b), demon¬ 
strating that there is a helical twist normal to the plates 
in both the cases. As the temperature is lowered to 


Screw 

dislocations 



Smectic 

blocks 



Figure 1. a, Schematic representation of the TGB^ structure. The 
direction of the average orientation of the molecules (director) is along 
the local layer normal, b. Schematic representation of the TGBj, 
structure (after reference 7). ‘N’ is the layer normal, and ‘n’ is the 
director, ‘r’ is the helical axis. 


59°C, the GC lines become highly distorted and appear 
to get anchored at surface irregularities. The spacing 
between GC lines increases only down to 59^C below 
which the irregular lines are not affected by temperature. 
The square grid is a pseudomorphotic (or metastable) 
texture below 59‘'C and is erased by a displacement of 
the cover slip, to produce a texture characteristic of the 
phase. As the temperature is increased, the square 
grid texture is recovered at 59°C, as are the distinct 
and straight GC lines in the wedge-shaped sample. These 
observations show that there is a new phase which 
occurs between the TGB^ and phases. It is charac¬ 
terized by a helical arrangement whose axis is normal 
to the glass plates for planar alignment and a square 
grid modulation in the orthogonal plane. It is a thermo¬ 
dynamically distinct phase which appears both on cooling 
from the TGB^ phase and on heating from the phase. 

We have also prepared cells whose glass plates are 
coated with a thin layer of glycerine which produces a 
degenerate planar anchoring. Again the square grid tex¬ 
ture appears in both the heating and cooling runs. Of 
course, in a wedge-shaped sample no GC lines form 
due to the degeneracy in the boundary condition, and 
the lattice spacing of the square grid is found to be 
independent of the thickness of the sample. Thus, surface 
anchoring is not important in stabilizing the modulated 
structure. In order to characterize the structure in greater 
detail, we have conducted the following experiments: 



Figure 2. Phase diagram of the binary mixtures of CE8 and 7(CN)5. 
Note that the TGB phases occur only in the mixtures and the new 
phase (UTGB^,) occurs in a narrow range of compositions. 


762 


CURRENT SCIENCE, VOL. 73, NO. 9, 10 NOVEMBER 1997 





RESEARCH ARTICLES 


a) The diffraction pattern of a laser beam from the 
structure brings out the underlying square grid 
distortion which results in a periodic variation of 
the effective refractive index (Figure 3 c). 

b) In cells prepared with homeotropic boundary con¬ 
ditions in which the director preferentially aligns 
normal to the glass plates, the TGB^ phase is 
characterized by a filamentary texture'^ each fila¬ 
ment corresponding to a rotation of the director 
by n radians, and the width of the filament 
- p/2, where p is the pitch of the TGB helix^ 
When the sample is cooled to 63°C, the filaments 
clearly develop an undulatory structure (Figure 3 d) 
with a periodicity which roughly corresponds to 
that of the square grid observed in the planar 
geometry. As the temperature is lowered to 59°C, 
i.e. in the phase, the filaments disappear, but 
on reheating they reappear with the undulatory 



Figure 3 a. Grandjean-Cano lines seen in the TGB^ phase in a 
wedge-shaped sample with pretreated glass plates as explained in the 
text. 



structure. The structure straightens out when the 
temperature is raised to 63°C. 

c) When small drops of the liquid crystal are deposited 
on a glass plate treated for homeotropic alignment, 
in the phase concentric GC rings are seen. As 
the temperature is raised to 59°C, undulatory fila¬ 
ments grow as arcs with their centres at the geo¬ 
metric centre of the drop. 

d) X-ray scattering studies on 25 jxm thick aligned 
samples taken between etched cover slips show 



Figure 3 c. Diffraction pattern of a He-Ne laser beam produced by 
the square lattice of the type shown in Figure 3 b. 



Figure 3 b. Square grid pattern (grid spacing ~ 2.5 pm) seen in the 
new phase at 60°C in a wedge-shaped sample. Note the two vertical 
Grandjean-Cano lines which are characteristic of a helical arrangement 
normal to the plane of the figure. 


Figure 3 d. Filamentary texture just below the transition to the UTGB^.^ 
phase exhibited in samples whose walls are pretreated for homeotropic 
alignment. Note the undulations in the filaments (crossed polarizers, 
periodicity of the undulation ~ 4 pm). 
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that in the TGB^ phase there is a relatively (com¬ 
pared to shai'p ring corresponding to the 
layer spacing^. As the temperature is lowered below 
63°C, the ring expands showing that the molecules 
are now tilted in the layers. Below 59°C, in addition 
to the ring, four relatively strong spots are also 
seen. Probably they indicate an unwound region 
of liquid crystal near the glass surfaces. In the 
present experiment, we are unable to verify if the 
TGB structure in the new phase is commensurate 
or otherwise. 

e) The effect of an external AC electric field was 
studied in different geometries. Under the action 
of a 10 kHz field applied along the TGB helical 
axis in the planar geometry, the dark regions sepa¬ 
rating the bright ones (see Figure 3 b) become very 
thin and straight and remain intact even at 30 V/pm. In 
the homeotropic geometry, under an appropriate 
setting of crossed polarizers, the undulatory fila¬ 
ments are seen to have periodic dark and bright 
bands along the length. If the filament is roughly 
parallel to a pair of wires between which a transverse 
electric field is applied, the dark bands expand and 
the bright ones shrink. When a very low frequency 



Figure 4, Schematic diagi'am of the geometrical arrangement of two 
neighbouring smectic-C"^ blocks in the proposed structure in the new 
phase. Note that the 2D-undulations in both the blocks have the same 
orientations of the wave vectors. The orientation of the smectic layer 
normal (large arrows) is different in the two blocks, which are separated 
by a grain boundary (not shown explicitly). The dotted areas representing 
smectic layers have Lindulation.s only in the vertical plane. The helicity 
of the director in the lower smectic-C’'^ block is shown by that of the 
‘nails’. 


(1 Hz) square wave voltage is applied between 
ITO-coated plates in the same geometry, for a field 
~ 5 V/pm, the filaments become broader and 
straight. Further, a narrow dark band in the centre 
of the filament shows a spatially periodic intensity 
modulation along the length which responds at the 
frequency of the applied voltage. This is best seen 
when the polarizer is set nearly orthogonal to the 
‘axis’ of the filament. On the other hand, a similar 
voltage applied to a TGB^ filament shows a con¬ 
tinuous dark band in the centre. 


Discussion 

Based on the above observations, we propose that the 
intermediate phase is TGB^.* in nature, i.e. there is a 
helical arrangement of tilted molecules within each 
like block. In addition, these TGBj^^-blocks have a 
two-dimensionally undulating structure such that it forms 
a square grid. A schematic diagram of such a structure 
is shown in Figure 4. 

The two-dimensional modulation with a square lattice 
is a consequence of the uniaxial nature of the TGB 
phase which has a helical twist. The electric field 
experiments on the material with negative dielectric 
anisotropy can be understood if there is a helical twist 
within each block, the field-induced unwinding of which 
produces solitons*, which appear like thin lines of the 



Figure 5, Temperature variation of the pitch in the three helica 
phases, viz. TGB^ and UTGBc.. The inset shows the temperatun 
variation of the lattice spacing of the square grid. 
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square grid or a'periodic intensity modulation along the 
length of the straightened filaments. Indeed the observed 
undulatory nature of the filament in the absence of field 
is a ‘side view’ of the 2-D undulating structure of the 
medium. The proposed structure is rather non-uniform 
with helical axes characteristic of a TGB smectic as 
well as in the orthogonal plane, i.e. in the blocks. This 
is reminiscent of the blue phases exhibited by short 
pitched cholesterics close to the transition point to the 
isotropic phased However, the present structure is an¬ 
isotropic and does not have cubic symmetry. As the 
smectic layer normals of the blocks rotate across the 
grain boundaries, the structure is highly non-uniform. 
The two dimensional undulation was not anticipated in 
the theoretical models of the TGB^.^ phased Since the 
grain boundaries also undulate along with the entire 
structure, we call the new phase the undulated TGB^.^ 
(UTGB<.*) phase. 

The temperature variations of the TGB pitch (measured 
using the spacing between GC lines in a wedge-shaped 
sample) and the lattice spacing of the square grid 
(measured using the optical diffraction pattern) are shown 
in Figure 5. The TGB pitch increases as the temperature 
is lowered, the rate of variation becoming very large 
in the UTGB^.,, phase. Measurements on the TGB^. phase 
also show a similar trend^. On the other hand, the lattice 
spacing of the square grid decreases quite sharply as 
the temperature is lowered from TGB^ to UTGB^.^ 
transition point, and levels off at lower temperatures. 
Indeed the pitch in the S^^/phase roughly corresponds 
to the lattice spacing at the lowest temperatures of 
UTGB^* phase. 

The physical origin of the UTGB^* phase with its 
highly non-uniform structure is obviously of interest. It 
would appear that the elastic energy cost of the defor¬ 
mations involved would normally make such a structure 
unlikely. However, we must remember that the TGB^ 
phase itself has a considerable non-uniformity, with 
almost perfect blocks separated by highly defected 
grain boundaries with screw dislocations. These two 
parts of the structure are so different that an anisotropic 
interfacial energy may be invoked between the blocks. 
The tilting of the molecules at the transition point may 
be expected to produce a helical twist along the smectic 
layer normal in a block'. It is easy to see that the angle 
made by the director with the grain boundary varies 
along the layer normal if the grain boundary remains 
fiat. This would cost extra energy which can be thought 
to arise from the fact that the director distortion across 
the grain boundary is no longer a pure twist. This 


energy can be lowered if the grain boundary and with 
it the blocks undulate along the smectic layer normal 
(Figure 4). This ensures that the director is parallel to 
the grain boundary, reducing the grain boundary energy, 
and of course the helical twist in the block is favoured 
by the gain in the chiral energy. Note that the dislocations 
are no longer pure screw dislocations'''. The undulation 
instability takes place along two mutually orthogonal 
directions in view of the uniaxial symmetry of the TGB 
structure. This means that in most of the blocks the 
smectic layer normal makes non zero angles with the 
two axes of the square grid. Indeed it is possible to 
show that for an appropriate set of parameters, i.e. the 
anisotropic grain boundary energy, the chiral term and 
the other elastic constants, the undulatory structure is 
energetically more favourable than the TGB^. structure 
in which there is neither a helical twist nor undulations 
in the blocks. 

Thus the UTGB^* phase is characterized by helical 
axes both along and normal to the layers and it 
naturally occurs between the TGB^ in which the helical 
axis is parallel to the planes, and in which it 
is normal to the planes. Very recently we have 
found that the UTGB^.^ phase occurs in a couple of 
other systems. Detailed experimental and theoretical 
results on this phase, which is perhaps one of the most 
non-uniform liquid crystalline phases found as yet, will 
be published elsewhere. 
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An investigation into the recent malaria 
outbreak in district Gurgaon, Haryana, India 


K. Raghavendra, Sarala K. Subbarao and V. P. Sharma 

Malaria Research Centre, 22, Sham Nath Marg, Delhi 110 054, India 


We present results of entomological and parasitological 
surveys carried out on a recent outbreak of malaria 
in district Gurgaon, Haryana. An, culicifacies sensu 
lato the major vector of malaria was found in high 
densities and was incriminated. The species was resis¬ 
tant to DDT and dieldrin and was susceptible to 
malathion and deltamethrin in laboratory tests and 
these results were in agreement with the observations 
on their field-efficacy. High incidence of P. falciparum^ 
break down of surveillance, favourable mosquitogenic 
conditions were some factors responsible for this 
outbreak. Suggestions for measures to avoid such 
outbreaks in future are discussed. 


In October 1996, high incidence of malaria associated 
with fever-related deaths was reported from villages of 
community health centres (CHCs), Nuh and Ferozepur 
Jhirka of Mewat region of district Gurgaon, Haryana 
(Source: Directorate of National Malaria Eradication 
Programme, Delhi). Twenty-three confirmed deaths 
occurred in CHC Nuh from September to November. 
Tables 1 and 2 give month-wise parasitological data of 
CHCs Nuh and Ferozepur Jhirka. High prevalence of 
P. falciparum was encountered during the transmission 
months in September and October. Parasitological indices 
observed in Nuh (population: 2.8 lakhs) for 1996 were: 


annual parasite index (API) 24.3; slide positivity rate 
(SPR) 6.03; slide falciparum rate (SfR) 3.26 and per¬ 
centage of P. falciparum (%Pf) 54.1 and indices for 
the same year for CHC, Ferozepur Jhirka (population: 
1.78 lakhs) were: API 37.00; SPR 8.0; SfR 4.89 and 
%Pf 61.1 (Source: District Malaria Officer, Gurgaon). 

In November 1996, when these CHCs were surveyed 
by us, the Health Department of the Haryana Government 
had already stepped up malaria control operations. In 
addition to three rounds of HCH indoor residual spray 
@ 200 mg/w? during May to September, special rounds 
of insecticide-spray were organized as follows: in Nuh, 
HCH 50% (October 1-31); malathion 25% @2g/m' 
(November 1-17); deltamethrin 2.5% @20mg/m^ (No¬ 
vember 17-December 12) and in Ferozepur Jhirka, HCH 
50% (October 1-16); malathion 25% (October 17- 
December 5) (source: District Malaria Officer, Gurgaon, 
Haryana). Both human dwellings and cattle sheds were 
sprayed with the insecticide. The affected villages were 
also fogged with technical malathion. Radical treatment 
was given to all fever cases (FRT) (Source: Chief 
Medical Officers, Nuh and Ferozepur Jhirka). 

This paper presents results of spot entomological and 
parasitological surveys carried out in villages of CHCs, 
Nuh and Ferozepur Jhirka of Gurgaon district, Haryana 
in November, 1996. 


Table 1. Parasitological data of CHC Nuh during 1996 


Month 

No. of 
blood films 
collected 

No. of positives 

SPR 

SfR 

%Pf 

Total 

Pv 

Pf 

Jan. 

2628 

97 

29 

68 

3.7 

2.58 

70.00 

Feb. 

2551 

8 

0 

8 

0.31 

0.31 

100.00 

Mar. 

2933 

22 

10 

12 

0.75 

0.41 

54.50 

Apr. 

2214 

25 

19 

6 

1.12 

0.27 

24.00 

May 

2860 

66 

61 

5 

2.30 

0.17 

7.57 

Jun, 

3044 

111 

108 

3 

3.60 

0.10 

2.70 

Jul. 

3031 

234 

228 

6 

7.70 

0.19 

2.56 

Aug. 

5478 

213 

210 

3 

3.90 

0.05 

1.40 

Sep. 

21,497 

1071 

722 

349 

4.98 

1.62 

32.58 

Oct. 

38,430 

2831 

1180 

1651 

7.36 

4.29 

58.31 

Nov. 

20,017 

1674 

460 

1214 

8.36 

6.06 

72.52 

Dec. 

7737 

433 

87 

346 

5.60 

4.47 

79.90 

Total 

112,420 

6785 

3114 

3671 

6.03 

3.26 

54.10 


Source: DM0, Gurgaon, Haryana. 

Pv, Plasmodium vivax] Pf, P. falciparum; SPR, Slide positivity rate = (No, of positives/total blood films 
examined); SfR, Slide falciparum rate = (No. of Pf positives/total blood films examined); %Pf=(No. of Pf 
cases/No. of positives). 
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Table 2. Parasitological data of CHC Ferozepur Jhirka during 1996 


Month 

No. of 
blood films 
collected 

No. of positives 

SPR 

SfR 

%Pf 

Total 

Pv 

Pf 

Jan. 

1501 

37 

10 

27 

2.46 

1.79 

72.90 

Feb. 

1594 

11 

3 

8 

0.69 

0.50 

72.70 

Mar. 

1448 

6 

4 

2 

0.41 

0.14 

33.73 

Apr, 

1288 

12 

11 

1 

0.93 

0.07 

8.33 

May 

1638 

38 

37 

1 

2.32 

0.06 

2.63 

Jun. 

846 

42 

40 

2 

4.96 

0.23 

4.76 

Jul. 

4765 

317 

309 

8 

6.65 

0.16 

2.52 

Aug. 

2633 

113 

113 

- 

4.29 

- 

- 

Sep. 

22,005 

1015 

642 

373 

4.61 

1.69 

36.74 

Oct. 

18,780 

3045 

1181 

1864 

16.21 

9.92 

61.21 

Nov. 

20,482 

1479 

173 

1306 

7.22 

6.37 

88.30 

Dec. 

5275 

471 

38 

433 

8.92 

8.20 

91,93 

Total 

82,255 

6586 

2561 

4025 

8.00 

4.89 

61.11 


Source: DM0, Gurgaon, Haryana. 


Materials and methods 

Entomological and parasitological surveys were carried 
out in four villages of CHCs Nuh and six villages of 
CHCs Ferozepur Jhirka (see Table 3). The selected 
villages also included those villages that are most affected 
during this current outbreak of malaria. Anopheline 
mosquitoes resting indoors in human dwellings and cattle 
sheds were collected with the help of a flashlight and 
an aspirator^ and were brought to the MRC Laboratory 
in Delhi in cloth cages covered with a wet towel. Blood 
films were made from fever cases and were given 
presumptive dose of chloroquine according to the 
National Malaria Eradication Programme Drug Policy 
(10 mg base/kg body wt). 

In the laboratory, mosquitoes were identified to species 
based on morphological characters with the help of an 
identification keyl The total number of each species of 
mosquitoes collected from human dwellings and cattle 
sheds were pooled and their abundance was expressed 
in man hour densities (MHD)^. An. culicifacies sensu 
lato were processed for various studies as follows: (i) 
Midgut and salivary glands were examined by dissections 
for oocysts and sporozoites respectively, (ii) Mosquitoes 
were exposed to DDT-, dieldrin- and del tarn ethr in- 
impregnated papers procured from WHO and to malathion 
papers, prepared at MRC^. Mosquitoes were exposed to 
DDT 4% for 1 h, dieldrin 0.4% for 1 h, malathion 5% 
for 1 h and deltamethrin 0.025% for 1 h. In another 
test, mosquitoes were exposed to graded times^ from 
15 min to 75 min and the time-mortality response data 
was subjected to probit-regression analysis^’ to calculate 
LT 5 „, time to kill 50%, LT^, to kill 90% and LT^y to 
kill 99% of the exposed population, (iii) From malathion- 
susceptibility tests dead and alive mosquitoes were 
individually processed for DNA isolation for the iden¬ 
tification of sibling species by polymerase chain reaction 
(PCR) assay^ These data were used to calculate the 
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susceptibility/resistance levels to malathion in sibling 
species. Blood films were stained with JSB stain^ and 
examined under microscope to identify malaria-positive 
slides and parasite species. 

Results 

Table 3 gives results of entomological studies -on the 
prevalence of anophelines, man hour densities (MHD) 
and information on the insecticides, dates and rounds 
sprayed in villages of CHCs, Nuh and Ferozepur Jhirka. 
The most prevalent species in villages of CHCs Ferozepur 
Jhirka were An. culicifacies followed by An. annularis, 
while in Nuh An. annularis was followed by An. 
culicifacies. The highest MHD of An. culicifacies was 
78.0 in village Tekri (Ferozepur Jhirka), followed by 
47.5 in village Salamba (Nuh). In village Salamba, 
deltamethrin was sprayed as indoor residual spray in 
the third week of November and during our survey in 
the fourth week, MHD of An. culicifacies was 1.5, 
which was about 33 times less than the density observed 
in eaiiier surveys. Similar observations were made in 
villages of Ferozepur Jhirka where malathion was sprayed 
as indoor residual spray. The sibling species composition 
of An. culicifacies was 61% species A and 39% B (ref. 
7) (h = 57). Of a total of 87 An. culicifacies s.l mos¬ 
quitoes dissected for malaria parasites, one mosquito 
was found positive for sporozoites in salivary glands 
(sporozoite rate of 1.15%) and none was found positive 
for oocysts. Laboratory susceptibility tests against dif¬ 
ferent insecticides on field-collected An. culicifacies in¬ 
dicated moderate to high degree of resistance to DDT, 
and almost complete resistance to dieldrin (Table 4). 
The same population was 78-88% susceptible to 
malathion while to deltamethrin it was fully susceptible. 
In time-mortality response studies with malathion, the 
populations have shown slight tolerance as observed 
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from the calculated lethal times (LTj,-37.05 min, 

50.88 min and LTg^-65.9 min) and time to kill all suscep- 
tibles was beyond the WHO diagnostic time of 60 min. 
In time-response studies with deltamethrin, An. culici- 
facies showed complete mortality within 5 min of ex¬ 
posure. In the present study using PCR, the dead and 
alive An. culicifacies mosquitoes (n = 32) were identified 
to sibling species A and B with species-specific primers^. 
These data were used to calculate malathion-resistance 
in sibling species A and B, which was respectively 
13.3% and 17.6%. High resistance to dieldrin (75%) 
observed in An. culicifacies s.l. (Table 4) suggests that 
species A and B were resistant to HCH. Observations 
on the ineffectiveness of HCH-indoor spray were con¬ 
firmed by the presence of high densities of An. culici¬ 
facies, An. annularis and other anophelines in sprayed 
villages. Effectiveness of malathion- and deltamethrin- 
indoor sprays was dramatic and spraying brought down 
the densities of An. culicifacies to negligible numbers 
and there was almost complete disappearance of other 


species. These observations were in agreement with the 
results obtained from insecticide susceptibility tests in 
laboratory (Table 4). Results of the parasitological sur¬ 
veys (Table 5) indicated a high prevalence of P. falci¬ 
parum malaria in the area. Of the 191 slides examined, 
118 were positive, of which 13% (15) were P. vivax 
and 87% (103) cases were of P. falciparum. The SPR 
was in the range of A3-1Q%, SfR-35-71% and %Pf 
was 54-100%. Agewise distribution of positive cases 
among the patients of both the sexes was: no case in 
0-1 yr age group, 22% (26) cases in 1-4 yrs; 23.7% 
(28) in 4-8 yrs, 12.7% (15) in 8-14 yrs and 41.5% 
(49) in 14 yrs and above age group. 

Discussion 

In our earlier studies in Haryana and the neighbouring 
states, species A and B were found sympatric’ and only 
species A was incriminated as a vector"’ and later by 


Table 3. Results of the entomological monitoring in villages of CHCs, Nuh and Ferozepur Jhirka of 

district Gurgaon, Haryana 


Village 

Anopheline species 

No. collected 

MHD 

Insecticide sprayed 
(spray round) 

CHC Nuh 





Salamba 

An, culicifacies 

392 

47.50* 

HCH (III) 16-9-96 

(2 surveys) 

An. annularis 

925 

123.33 



An. subpictiis 

42 

7,00 



An. Stephen.^ 

2 

0.33 


Salamba 

An. culicifacies 

3 

1.50 

Deltamethrin (I) 21-11-96 

Ghasera 

An. culicifacies 

5 

1.11 

HCH (III) 16-9-96 





Malathion (I), NA 

Akeda 

An. culicifacies 

0 

_ 

Deltamethrin (I) 19-11-96 


An. annularis 

10 

6.66 


Dhillana 

An. culicifacies 

15 

30.00 

NA 

CHC Ferozepur Jhirka 




Ferozepur Namak 

An. culicifacies 

45 

15.00 

NA 

Newli 

An. culicifacies 

1 

0.66 

Malathion (I), NA 

Tekri 

An. culicifacies 

390 

78.00** 

HCH (III), NA 

(2 surveys) 

An. subpictus 

51 

6.37 



An. annularis 

3 

0.75 



An. aconitus 

14 

4.66 


Pratapbas 

An. culicifacies 

206 

29.42 

NA 


An. subpictus 

35 

11.60 



An. annularis 

10 

3.30 


Gohana 

An. culicifacies 

82 

20.50 

NA 


An. annularis 

147 

36.75 


Khedli kurd 

An. culicifacies 

3 

2.00 

Malathion (1), NA 


MHb: Man hour density =x 60/r x p (where /z=no. of mosquitoes; r = time in min; p-no. of persons). 

MHDs of the two surveys were 47.3 and 47.7. 

**: MHDs of the two surveys were 82.5 and 60.0. 

NA: Information not available at the time of spray. 
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Table 4. Response of An. culicifacies to different insecticides 


Village 

1 h exposure to 
impregnated paper 

Nos exposed 
(no. of replicates) 

Nos dead 


Percentage 

mortality* 

CHC Nuh 








Salamba 

DDT 4% 



30 (2) 

23 


73.0 


Malathion 5% 



133 (8) 

117 


87.9 


Deltamethrin 0.025% 


30 (2) 

30 


100.0 

CHC Ferozepur Jhirka 








Pratapbas 

Dieldrin 0.4%** 



44 (2) 

11 


25.0 


Malathion 5% 



50 (3) 

39 


78.0 

Tekri 

DDT 4% 



61 (4) 

28 


45.9 


Dieldrin 0.4% 



91 (4) 

22 


24.1 


Malathion 5% 



92 (4) 

73 


79.3 


Deltamethrin 0.025% 


147 (9) 

147 


100.0 

Mortalities after 24 h of holding have been corrected by Abbott’s formula where necessary. 


**Used to test susceptibility of mosquitoes to HCH. 







Table 5. 

Results of parasitological surveys 





No. of 

No. of positives 





blood films 







Village 

collected 

Total 

Pv 

Pf 

SPR 

SfR 

%Pf 

CHC Nuh 








Ghasera 

20 

13 

6 

7 

65.0 

35.0 

53.8 

Salamba 

13 

6 

1 

5 

46.1 

38.5 

83.5 

Malab 

11 

7 

2 

5 

63.6 

45.4 

71.4 

CHC Ferozepur Jhirka 








Ferozepur Namak 

28 

12 

0 

12 

42.8 

42.8 

100.0 

Tekri 

14 

8 . 

0 

8 

57.1 

57.1 

100.0 

Newli 

45 

31 

1 

30 

68.9 

66.6 

96.7 

Gohana 

10 

7 

0 

7 

70.0 

70.0 

100.0 

Pratapbas 

13 

9 

0 

9 

69.2 

69.2 

100.0 

Khedli Kurd 

37 

25 

5 

20 

67.5 

54.0 

80.0 

Total 

191 

118 

15 

103 

61.8 

53.9 

87.2 


immunoradiometric assay both P. vivax and P. falciparum 
sporozoite antigens were detected in species How¬ 
ever, in this study, the sporozoite-positive An. culicifacies 
specimen was not identified to sibling species, 61% of 
species A found in this area suggests the possibility 
that there was indigenous transmission of malaria due 
to species A. Of the other four prevalent anopheline 
species, the role of An. stephensi in rural areas is limited 
and this species attains significance in the transmission 
of malaria in urban areas. An. annularis is considered 
to be a secondary vector and only in some localized 
areas in eastern India, An. aconitus is considered as a 
secondary vector in coastal plains of Orissa and An. 
subpictus is a non-vector'^. High slide positivity rate in 
the population and 22% of the cases among children 
in < 4 yrs age group also supports that there was in¬ 
digenous transmission of malaria. The gametocyte rate 
among the Pf cases was 50%, i.e. a high percentage of 
carriers. High gametocyte rates among the patients in- 
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dicated that the Pf cases remained untreated or were 
not given prompt and proper treatment or may also be 
due to lower susceptibility of the earlier (asexual) stages 
of parasite to chloroquine. Field-studies on the in vivo 
response of P. falciparum to chloroquine in Haryana 
State'^ indicated complete susceptibility to this drug 
during 1978-1984, while during 1985-1989 it was 71% 
susceptible and during 1990-1994 it was 66% susceptible. 
In a recent study by MRC on the in vitro response of 
P. falsiparum isolates to chloroquine in this area during 
the current outbreak of malaria, 66% of the isolates 
tested were found susceptible (MRC-Annual Report, 
1996). Though the decreased susceptibility to chloroquine 
was observed in this area, high gametocyte rate among 
the patients may not be due to this single factor alone 
and other factors mentioned above might also have 
contributed. In a study carried out in 1981-82 in Kliar- 
koda PHC, Haryana'^ it was observed that P. vivax 
cases start increasing from March and show a peak in 
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May and August before declining. While P. falciparum 
cases were very slow from March to May and slowly 
started to increase peaking in October and cases were 
found up to January before declining by March. Per¬ 
sistence of P. falciparum malaria throughout the year 
in these CHCs (Tables 1 and 2) indicated a breakdown 
in surveillance. Added to this, heavy rains and floods 
due to breaches in two earthen dams created favourable 
mosquitogenic conditions and thus increased the mosqui¬ 
to genic conditions during post-monsoon months. Spraying 
of three rounds of HCH (50%) and a special round of 
the same insecticide did not control malaria as An, 
culicifacies was resistant to it (Table 4). Instead of a 
special round of HCH, malathion or deltamethrin would 
have effectively controlled An. culicifacies and inter¬ 
rupted transmission. This finding is supported by sus¬ 
ceptibility tests and field observations. 

During the 1981-82 epidemic of malaria in district 
Sonepat, Haryana, HCH was replaced by malathion and 
this strategy successfully controlled An. culicifacies spe¬ 
cies A and Later, repeated spraying of malathion, 
though there was no transmission, resulted in An. 
culicifacies becoming resistant although species A and 
B have different levels of resistance’^. Though the 
efficacy of malathion as a residual spray in decreasing 
the vector-densities in this region cannot be doubted at 
present, its continuous spray would hasten the develop¬ 
ment of resistance as has happened in Sonepat. To 
overcome this problem, as a strategy for the management 
of insecticide-resistance, alteration of insecticides with 
different groups, e.g. organophosphate and synthetic 
pyrethroids, would be advantageous in vector control 
programmes. In this context we quote A. W. A. Brown’^: 
‘Long-term sequential selection, where the change of 
insecticide is arbitrarily made several generations after 
its introduction, has an advantage over the present 
practice of waiting until resistance develops before 
making a switch: making the change before that happens 
has the effect of denying the target population the 
opportunity of developing fitness alleles to counteract 
the reduction of fitness which characterizes the incipient 
stage of resistance development.’ 

To avoid malaria outbreaks in future, entomological 
surveillance is essential. Data should be used to imple¬ 


ment situation-specific malaria vector control strategies 
in conjunction with parasitological surveillance. 
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Assessment of health risk due to 
exposure of radon and its daughter 
products in the lower atmosphere 

R. C. Ramola, M. S. Kandari and R. B. S. Rawat 

Department of Physics, H. N. B. Garhwal University Campus, 

Tehri Garhwal 249 001, India 

Radon concentrations were measured in the lower 
atmosphere in Garhwal Himalaya, India by using 
LR-115 type II, plastic track detector. The annual 
geometrical mean values of radon were found to be 
104 Bq/m^ and 123 Bq/m^ inside the cemented and 
mud houses, respectively. The mean value of inhala¬ 
tion dose rate due to indoor radon was found to 
vary from 4.2 mSv/y to 5.2 mSv/y, for cemented and 
mud houses respectively. The radon values were 
observed higher in mud houses which were con¬ 
structed with the soil and local stone obtained from 
the area. The observed values were higher than the 
international recommended values. Based on the avail¬ 
able data, the annual effective dose and the risk 
factors due to environmental exposure of radon and 
its daughter products have been calculated by using 
different dosimetric models. The estimated risk of 
lifetime lung cancer due to environmental radon 
exposure for a total population of study area, starting 
at age 1 was calculated as 0.0068 or 0.68%. The 
mean relative loss of life expectance was estimated 
as 0.26% for chronic exposure at the measured radon 
level. 

Exposure of persons to high concentrations of radon 
and its short-lived progeny for a long period leads to 
pathological effects like the respiratory functional changes 
and the occurrence of lung cancer^ Jacobi^ indicates 
that inhalation of short-lived radon daughters seems to 
be the most important component of the radiation ex¬ 
posure of the population from natural sources. According 
to an estimate, radon gas may be the major source of 
public radiation exposure, perhaps accounting for between 
5 and 20% of all lung cancer deaths^ Recently, the 
United States Environmental Protection Agency (EPA) 
estimated that 20,000 deaths occur annually from 
radon-induced lung cancer"^. Based on updated dosimetric 
models^, this estimate can be revised downward by 
approximately 25%. Radon decay products rather than 
radon itself are the active species responsible for the 
health hazard. In addition, a large body of human 
epidemiological data on occupational exposure to radon 
and its progeny, at the resulting elevated lung cancer 
risk, yielded quite consistent risk factors down to doses 
encountered in some dwellings^. 

The lung dose equivalent due to inhalation of the 
short-lived radon decay products cannot be measured 
directly, and so, must be inferred from the application 
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of a dosimetric model along with measurement of the 
inhaled activity. Dosimetric modelling of radon decay 
products exposure has presented special problems to the 
investigators in that the dose estimated depends upon 
the assumptions used in determining the activity depo¬ 
sition in various regions of the lung. Recent improve¬ 
ments in dosimetric modelling, combined with a growing 
volume of measured data for various exposure conditions, 
have advanced lung modelling to a point where its use 
has become widely acceptable. Due to the lack of hard 
epidemiological data, most of the current risk estimates 
for environmental exposures to radon have been obtained 
using dosimetric modelling^ In this paper, the dose and 
the risk factors due to environmental exposure of radon 
and its progeny in Tehri Garhwal have been calculated 
based on the measured data by using different dosimetric 
models. 

Radon in indoor and outdoor atmosphere has been 
measured by using LR-115 plastic track detector. The 
detector films attached on the glass slide are suspended 
inside the room at a height of about two meters from 
ground floor. After an exposure time of three months, 
films are removed and etched in 2.5 N NaOH solution 
for 2h at 60°C in constant temperature bath. The 
films are then scanned under an optical microscope for 
track density measurements. The calibration constant 
3.12 X 10“^ tracks cm"^ d"^ = 1 Bq m"^, determined by 
Ramola et al^ was used to express radon activity in 
terms of Bq/m"^ This exposure cycle has been extended 
on a time integrated four quarterly cycle to cover all 
the four seasons of a calendar year to evaluate the 
annual indoor radon levels. 

Table 1 gives the results of radon levels measured 
in the lower atmosphere in Tehri Garhwal. The resulting 
concentration of short-lived radon daughters, expressed 
in terms of the equilibrium-equivalent radon concentration 
(EECj^J, is related to the activity concentration, A,^^, of 
radon by the relation^: 

eec,, = fa,„, 

where F is an equilibrium factor. Based on recommen¬ 
dations of ICRP, the equilibrium factor for radon daugh¬ 
ters in indoor air is in the range 0.3 to 0.6, which is 
assumed to be 0.45 for the mid point of the range of 
reported values. The mean equilibrium factor in outdoor 
air is 0.7 and somewhat higher than indoor air^ 

The estimated dose due to radon and its daughters is 
calculated by the dose conversion factor^ 

1 Bq h/m^ EEC^^ = 1.0 x 10"^ mSv. 

The inhalation dose rate due to indoor radon is found 
to vary from 2.2mSv/y to 7.2mSv/y and 2.6 mSv/y to 
9.7mSv/y in cemented and mud houses respectively, 
with mean value of total dose being 4.2mSv/y and 5.2 
mSv/y (Table 1) respectively. 
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The mean residence probability of individuals living 
in Tehri Garhwal was calculated based on the question¬ 
naire filled by the residents of the surveyed houses. 
The calculated residence probabilities were found 0.60, 
0.22 and 0.18 in private homes, other buildings and 
outdoor respectively, which correspond to mean residence 
times of 5200, 2000 and 1560 h each year in these 
areas. On the basis of this data a single residence model, 
which yields an annual equilibrium-equivalent exposure 
(E) in Bq h/w?, is formulated as: 

E = 5200 h X -1- 2000 h x + 1560 h x q, 

where C.„, and are time average mean values of 
equilibrium-equivalent concentration of radon in air of 
private homes, other buildings and outdoor air respec¬ 
tively. The estimated mean annual exposure to radon 
daughters from the different residential areas are listed 
in Table 2. The calculated annual exposure for indoor 
radon values were higher than the ICRP recommended 
levels^. These values may vary for individuals, depending 
on the life-style of the inhabitants and the exposure 


time indoor. It is expected to be higher for house-bound 
women, particularly in mud houses where they spend 
most of time in indoor activities. 

At attempt is made to calculate the lung cancer risk 
due to exposure of radon in the houses of Tehri Garhwal, 
The calculation is based on a model developed by Harley 
and Pasternack‘‘\ The following assumptions were made 
in the model: 1, It is assumed that no lung cancers 
occur before age 40. 2, It is assumed that no radiation- 
induced lung cancer occurs within 5 years of exposure, 
i.e. there is a 5-year latent period. 3, Repair mechanisms 
are assumed, such that the lung cancer probability from 
a given exposure decreases exponentially with time (after 
5 year latent period), with a 20 year half time. 4, The 
contributions to life time risk are ignored after the 
person reaches age 85, 5, It is assumed that the risk 
per WLM is 40% greater for the general population 
than for miners, due to the combined effects of differences 
in average breathing rates, average lung sizes, aerosol 
particles sizes and in the fraction of unattached radon 
daughters (greater in the general environment than in 
mines due to lower dust levels). 


Table 1. Calculated annual dose due to exposure of radon and its daughters in the houses of Tehri 

Garhwal 




Annual mean % 


Annual dose (mSv/y) 



Number of 

of radon cone. 




Type of house 

measurements 

(Bq/tn^) 

Minimum 

Maximum 

Mean 

Cemented houses 

57 

104 + 6.2 

2.2 

7.1 

4.2 

Mud houses 

42 

123 + 6.9 

2.6 

9.7 

5.2 


Table 2. Estimated mean annual exposure to radon daughters in indoor and 
outdoor environments 


Contribution from 
residence 

Equivalent-equilibrium 
exposure 
(Bq h/m^) x 10^ 

Potential alpha energy exposure 

mJh/m^ 

WLM 

Cemented houses 

Indoors at home 

267 

1.47 

0.43 

Indoors elsewhere 

103 

0.57 

0.16 

Outdoors 

49 

0.27 

0.078 

Total 

419 

2.31 

0.668 

Mud houses 

Indoors at home 

339 

1.86 

0.54 

Indoors elsewhere 

127 

0.70 

0.20 

Outdoors 

49 

0.27 

0.078 

Total 

515 

2.83 

0.818 

Mean value 

467 

2.57 

0.743 

ICRP recommendations 
Indoors at home 

90 

0.51 

0.14 

Indoors elsewhere 

23 

0.13 

0.036 

Outdoors 

4 

0.002 

0.0064 

Total 

120 

0.66 

0.19 


Conversion factor: 1 Bq h/m^ = 5.52 x 10”^ mJh/m^ = 1.60 x ICT® WLM. 
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The exponential factor given in assumption (3), cor¬ 
responds to the assumption of a ‘decrease in rate of 
risk expression due to repair, cell death or unspecified 
mechanisms’, with a 20 year half time*^ With this 
choice of half time, the risk estimates match the results 
of the studies of miners, where it is found^‘ that the 
incidence of lung tumours is higher when first exposure 
to radon daughters occurs at 40 or 50 years of age, 
compared to first exposure at age 20. Since lung tumours 
do not usually appear before age 40, exposure at the 
earlier age allows more time for decay of the risk. 
However, the model could be equivalently adjusted to 
match the observations by assuming that the vulnerability 
is greater if exposure occurs at a later age”’. 

With these assumptions, the probability of lung cancer 
induction for a person between the ages of 40 and 85 
is taken to be: 

AO, t^) = 1 .4 X 10'" X NO^) X Pit, 0 X 

where Ait, = the probability of lung cancer induction 
at age t, due to an exposure to N WLM occurring at 
age t^;, MO = number of WLM of exposure at age 
t^, where exposure is taken to be in a typical indoor 
atmosphere; Pit, 0 = the probability that a person alive 
at age t^^ will still be alive at age —= the time 

interval since the exposure. 

Based on the above model, the estimated risk of 
lifetime lung cancer due to environmental exposure to 
radon in Tehri Garhwal for different age groups is given 
in Table 3. The probability of lung cancer induction 
was higher for the persons living in mud houses. 

It is seen from Table 3 that the total calculated risk 
of radon-induced lung cancer for a mean annual exposure 
of 0.74 WLM per year, for the total population of study 
area, starting at age 1 is 0.0068, or 0.68%. In other 
words, a person who is exposed to 0.74 WLM per year 
for every year of his life has a 0.68% chance of suffering 
a radon-induced lung cancer. Almost all lung cancers 
are fatal, so this can be taken to represent the approximate 
lung cancer mortality rate. 

The relative lifetime risk of lung cancer from inhaled 
radon daughters and the air concentration in the study 
area was calculated based on the ICRP model^; 

R/R^ = 0.001 (Bq/m-^'r* (6 x + 1.5 + 1.3 CJ, 

where C. , C. and C, are the annual mean values of 
^^^Rn daughters concentrations in indoor air at home, 
in indoor air elsewhere (e.g. the working place) and in 
outdoor air, respectively. Radon values are expiessed in 
terms of equilibrium-equivalent radon concentration in 
Bq/m^. 

The relative lifetime risk of lung cancer in the study 
area was calculated as 0.43 and 0.53 perBq/m^ for 


people living in cemented and mud houses. The risk is 
calculated higher for the people living in mud houses. 
However, the average value of lung cancer risk is 0.48 
for population living in the area. This indicates that the 
lung cancer risk for a population exposed throughout 
an average lifetime to the calculated mean equilibrium- 
equivalent radon concentration is about half of the 
normal lung cancer risk (without radon daughter being 
exposed). 

The health detriment by lung cancer from inhaled 
radon daughters can be expressed in terms of the attributable 
loss of life expectancy. On the basis of the relative excess 
risk coefficients, the attributable loss of the life expectancy, 
average over both sexes, is calculated as'^ 

L.= 1.4xl0-"£: (days), 

where L,., is the attributable loss of life expectancy and 
E is the annual radon exposure in Bqh/m*^. 

Based on this model, the attributable loss of life 
expectancy was calculated to be 59 days and 72 days 
for the population living in cemented houses and mud 
houses respectively. An average value of attributable 
loss of life expectancy was calculated to be 66 days 
for the total population in the study area, which is 
comparable to the value (16 days) calculated by ICRP'^ 
for an exposure of 15 Bq/m^ for the reference population 
living in different parts of the world. Compared with 
a mean life expectancy, of about 70 years for the 
total population in the study area, the mean relative loss 
of life expectancy is calculated as = 0.0026 or 0.26% 
for chronic exposure at the measured radon level. 

From the studies of miners, it is clear that an exposure 
to high concentration of radon daughters leads to an 
increased incidence of lung cancer. The study has now 
focused on the normal indoor environment and efforts 
are being made to use the experiences for miners to 
estimate the incidence of radon-induced lung cancer 
among general population. Such estimates cannot be 
very precise, in part because the miners studies do not 
lead to well-determined relationship between the rate of 
cancer induction and the exposure levels. In particular, 


Table 3. 

Estimated lifetime lung cancer risk due to radon 
sure at different ages 

expo- 

Age at 

Probability of lung 

cancer induction X 10"^ 


tirst 

exposure 

Cemented houses 

Mud houses 

Mean 

1 

61 

74 

68 

10 

61 

74 

68 

20 

51 

63 

57 

30 

51 

63 

57 

40 

30 

37 

33 

50 

18 

22 

20 

60 

8.7 

11 

10 

70 

2.6 

3.1 

2.8 
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there are disparities in the results of studies for different 
groups of miners. These disparities may arise from the 
difficulties in obtaining accurate crucial data , such as 
the year-by-year exposure history over the working 
lifetime of the individual miners. 

Further, there are problems in using results obtained 
for miners at relatively high radon exposure levels for 
the prediction of the effects of radon at much lower 
levels encountered in the normal indoor environment. 
Here arises the problem of extrapolating from large dose 
level to small dose level. The generally adopted solution 
is to assume linearity although this assumption may 
overestimate or underestimate the true risk. 

The difficulty with estimating risks at lower radon 
level is that epidemiological data do not provide a direct 
evidence of health effect at the moderate exposure 
involved, in particular among the'general public. On 
the other hand, the current understanding of dose- 
response relationship, especially for the alpha radiation 
from radon decay products, suggests the prudent course 
of presuming that the proportionately small lung cancer 
risks estimated for these exposures actually occur. A 
complication is that, based on the epidemiological evi¬ 
dence, it is thought that the risk from radon is to a 
greater or lesser degree synergistic with that of smoking, 
so that most of the risk estimated for radon exposure 
of the general public occurs among smokers, who even 
without radon incur much greater risk (25% or greater 
chance of dying from smoking one and half pack of 
cigarettes per day) knowingly and voluntarily. It is thus 
ironic that exposure at 150 Bq/m^ of radon is often said 
to be equivalent in risk to smoking half a pack of 
cigarettes per day, a factor of ten overestimate tor those 
who do not smoke. Still health risk estimates provide 
one of the main bases for determining what radon 
concentration might be deemed excessive and hence for 
focusing research and control efforts. 

Finally, the calculated values of dose, lung cancer 
risk and attributable loss of life expectancy for the 
present study are totally based on the available models 
used for similar study at different places in the world. 
These values are recorded above international recom¬ 
mended level. As such these values cannot be taken as 
the reference but may be used as guidelines to initiate 
further studies, especially on real radon-induced lung 
cancer incidence and epidemiological studies to formulate 
a new model for this area. 
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Single strand conformation 
polymorphism profiles with 
biotinylated PCR products to detect 
mutations in rpoB gene of 
Mycobacterium tuberculosis 
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"'Tuberculosis Research Centre, Chetput, Chennai 600 031, India 
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7HT, UK 

A fragment of the rpoB gene, including the region 
shown to be involved in rifampicin resistance, was 
amplified from 15 rifampicin-resistant and 6 rifam- 
picin-sensitive clinical isolates of Mycobacterium 
tuberculosis by the polymerase chain reaction (PCR). 
One of the primers, employed in PCR, was bio¬ 
tinylated. The biotinylated strand of the PCR product 
was separated from the unbiotinylated strand using 
streptavidin magnetic beads. Both the strands were 
subjected to single strand conformation polymorphism 
in polyacrylamide gel electrophoresis. The DNA bands 
were silver stained to study their migration pattern. 
A shift in the migration of either of the strands of 
the test strain compared to the strands from a control 
rifampicin-sensitive strain was considered as indicative 
of resistance. This strategy was found to ease the 
visualization of shift in the migration of the strands 
in 17 of 21 samples and thereby detection of mutations. 

Single strand conformation polymorphism (SSCP) is one 
of the usual procedures to detect mutations*’^. It is base 
on the fact that separated strands of DNA adopt a folded 
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conformation as a result of self-compiementarity and 
intramolecular interactions. A single nucleotide mutation 
usually leads to an altered conformation that can be 
identified as a change in DNA strand mobility by 
nondenaturing gel electrophoresis. Therefore, in SSCP, 
a good separation of DNA strands is essential to achieve 
sharp migration of bands. Often, DNA strands reanneal 
rapidly to form double strand DNA with little or no 
single DNA strand for SSCP analysis^ Biotinylation of 
one of the primers employed in the PCR and subsequent 
separation of the biotinylated strand from the unbio¬ 
tinylated strand using streptavidin magnetic beads pre¬ 
vented the reannealing of strands and was found to ease 
the detection of shift in the migration of bands'^. However, 
in the above study, a nested PCR was employed to 
amplify the region of the rpoB gene in which mutations 
have been shown to determine the rifampicin resistance. 
In the first PCR, a 293-bp region of the rpoB region 
of Mycobacterium tuberculosis was amplified. In the 
second PCR, 103-bp region of the first PCR product 
was amplified using a biotinylated forward primer. It 
is evident that the nested PCR requires more time and 
is more expensive. So, it is always desirable to have a 
simple and less expensive procedure which is practicable. 
Therefore, the aim of this study was to generate a 
biotinylated PCR product in a single PCR using a 
biotinylated forward primer and an unbiotinylated reverse 
primer for easy detection of mutations. 


The clinical isolates were obtained from the pulmonary 
tuberculosis patients attending Tuberculosis Research 
Centre, Chennai. Fifteen rifampicin-resistant isolates and 
six rifampicin-sensitive isolates were selected and coded. 
One rifampicin-sensitive clinical isolate of M. tubercu¬ 
losis was used for reference. 

A portion of rpoB gene which is associated with 
rifampicin resistance in M. tuberculosis, was amplified 
by PCR. The PCR mixture (20 |xl) contained 50 mM 
potassium chloride, lOmM Tris-hydrochloric acid pH 
8.3, 1.5 mM magnesium chloride, 5% dimethysulphoxide, 
20 pM each of dATP, dGTP, dCTP, dTTP, 10 pM each 
of a biotinylated forward-FI Bio (5' GT TCT TCG 
GCA CCA GCC AG 3') and an unbiotinylated reverse- 
rpoB RO (5' TTT CGA TGA ACC CGA ACG GGT 
TGA C 3') primer (the primers were synthesized at 
R & D Systems Europe Ltd, UK) and 1 unit of Taq 
polymerase (Bio line). The DNA was extracted from 
the cultures by the procedures described by Baess^ and 
was used as template. The PCR was carried out using 
0.5 ml microcentrifuge tubes in a Hybaid Omni Geni 
thermo reactor. The reaction mixture was denatured at 
93°C for 2 min followed by 35 cycles each of denatu- 
ration at 93°C for 30 sec annealing at 58‘^C for 30 sec 
and extension at 72°C for 30 sec. The reaction was 
terminated after a final extension at 72°C for 10 min. 
The products were checked on 2% agarose gel electro¬ 
phoresis using the standard procedures. 



Fiuiirc 1 PCR-SSCP profiles of UBS and BS from a nfainpicin-sensitive and rifainpicin-resisianl 
isolate of M. tuberculosis. Lane 1, DNA marker; lane 2, Biotinylated rif. resistant; lane 3, Biotinylated 
rif sensitive- lane 4, Unbiotinylated rif. resistant; lane 5, Unbiotinylated rif. sensitive; lane 6, Alkali 
denatured rif. resistant; lane 7, Alkali denatured rif. sensitive; lane 8, Heat denatured nf. resistant; 
lane 9, Heat denatured rif. sensitive; lane 10, Undenatured double-stranded DNA (control). 
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The separation of biotinylated strand by streptavidin 
magnetic beads was carried out according to instructions 
from the manufacturer, Dynal, UK. In brief, 40 pi of 
the beads, suspended in 2x binding and washing buffer 
(BW buffer) pH 7.5 (10 mM Tris, 1 mM ethylene- 
diaminetetraacetic acid (EDTA) and 2 M sodium chloride) 
were mixed with equal volume of PCR product and 
incubated at room temperature for 30 min. After washing 
the beads with lx BW buffer, the captured DNA was 
denatured by adding 8 pi of 0.1 M sodium hydroxide 
(NaOH) and incubated for 10 min at room temperature. 
The alkali containing the unbiotinylated strand (UBS) 
was aspirated, made up to a volume of 50 pi in Tris- 
EDTA (TE) buffer (pH 8.0) and then precipitated by a 
standard ethanol-sodium acetate method. This strand was 
resuspended in 5 pi of TE buffer. The beads with the 
captured biotinylated strand (BS) were washed once with 
50pi of 0.1 M NaOH and washed 3 times with lx BW 
buffer and finally suspended in 5 pi of TE buffer. The 
separated strands were heated at 95°C for 5 min with 
an equal volume of loading buffer (0.25% bromophenol 
blue, 0.25% xylene cyanol and 30% formamide) and 
then snap-cooled before immediately loading onto the 
gel. 

A 10% gel was prepared by mixing 10.5 ml of 40% 
acrylamide—bisacrylamide (49:1; Sigma), 27.4 ml of 
deionized water, 2.1 ml of lOx Tris borate EDTA 
buffer (TBE buffer) pH 7.6, 2 ml of glycerol, 21 pi 
of tetramethylethlenediamine and 210 pi of 10% 
ammonium persulphate^. The dimension of the gel was 


Table 1. Observations on the mobility of DNA strands 
and the results of the classification of rifampicin sensitivity 
in 21 samples 


Sample ' 
no. 

Mobility of 


Classification by 

UBS='‘ 

BS 

PCR-SSCP 

Bacteriology 

1. 

Slow 

Slow 

R 

R 

3. 

Slow 

Equal 

R 

R 

4. 

Equal 

Equal 

S 

R 

6. 

Slow 

Equal 

R 

S 

7. 

Fast 

Fast 

R 

R 

8. 

Equal 

Fast 

R 

R 

9. 

Slow 

Slow 

R 

R 

11. 

Equal 

Equal 

S 

S 

12. 

Equal 

Equal 

S 

S 

13. 

Equal 

Equal 

S 

S 

19. 

Slow 

Equal 

R 

R 

20. 

Slow 

Equal 

R 

S 

21. 

Slow 

Equal 

R 

S 

22. 

Slow 

Equal 

R 

R 

23. 

Undetermined 

Fast 

R 

R 

32. 

Fast 

Fast 

R 

R 

33. 

Slow 

Slow 

R 

R 

34. 

Slow 

Slow 

R 

R 

36. 

Slow 

Slow 

R 

R 

38. 

Undetermined 

Fast 

R 

R 

44. 

Undetermined 

Fast 

R 

R 


*UBS: Unbiotinylated strand; BS: Biotinylated strand; R: Resistant; S: 
Sensitive. 


180 X 160 X 1.6 mm. The electrophoresis was carried out 
in Hoefer 600 model using 0.5 x TBE buffer at 90 V 
for 15 to 18 h at room temperature. The separated DNA 
strands were visualized by silver staining. 

The gel was treated with ethanol (10%), nitric acid 
(1%) and silver nitrate (0.2%)-formaldehyde (0.1%) 
solutions, respectively for 5, 3 and 20 min. Later the 
gel was washed three times with double distilled water 
before it was treated with sodium carbonate (3%)~ 
formaldehyde (0.025%) solution to stain the DNA. After 
staining^ the gel was preserved in glacialacetic acid 
(10%) and photographed. 

The slow or fast migration of either of the strands, 
compared to the corresponding strands from the rifam- 
picin-sensitive reference control, was considered as 
indicative of rifampicin resistance. 

The PCR-SSCP profiles of UBS and BS from a 
rifampicin-sensitive and a rifampicin-resistant isolate of 
M. tuberculosis are shown in Figure 1. Both the UBS 
and BS of the rifampicin-resistant strain migrated slower 
than the corresponding strands of the reference rifam¬ 
picin-sensitive strain. It is also seen that the alkali and 
heat denaturation of PCR products resulted in reannealing 
of strands with little DNA for separation. The observa¬ 
tions of the migration patterns of UBS and BS in 21 
samples are given in Table 1. In 3 samples (nos 23, 
38, 44), the migration of UBS was not determined either 
due to poor staining of little or loss of DNA, It can 
be noted that 13 of UBS and 11 of BS showed difference 
in their migration pattern compared to the corresponding 
control strands. Eleven of 18 UBS migrated slowly 
compared to 5 of 21 BS. Only 2 of 18 UBS migrated 
fast while 6 of 21 BS did so. In 7 samples the difference 
in migration pattern was exhibited by both UBS and 
BS and in another 7 samples it was by either of the 
strands. In this study, 14 of 15 rifampicin-resistant 
strains and 3 of 6 rifampicin-sensitive strains were 
correctly identified by the PCR-SSCP, 

Factors that affect SSCP analysis are discussed by 
Yap and McGee^ One of the factors, that is the re¬ 
annealing of the strands, especially when the product 
size is less than 100 bp, reduces the efficiency of SSCP 
analysis^’"^. The reannealing of strands can take place 
while the samples are being loaded and during the initial 
period of electrophoresis before the DNA has entered 
the geP. Yap and McGee^ had mentioned that the alkali 
denaturation resulted in better separation of single strand 
DNA because the alkali prevents the reannealing of 
strands. They also stated that heating at 42*^0 for 10 min 
before loading onto the gel reduced reannealing on some 
occasions. Both these were tried in our samples but we 
failed to get better separation. In order to overcome 
this, a novel approach was attempted. In this, a bio¬ 
tinylated primer was used in PCR. Then, the biotinylated 
and the unbiotinylated strands were separated and sub- 
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jected to SSCP by PAGE. The recognition of shift in 
the migration of strands was thus made easy. Another 
factor, that is the multiple conformations of strands 
would also limit the efficiency of PCR-SSCP analysis. 
The SSCP analysis of the PCR products of all our 
samples produced 4 bands in a different gel format and 
protocol (data not shown). This could be attributed to 
the possible two conformations of each of the strands 
while the other possibilities cannot be ruled out. Simi¬ 
larly, Telenti et al} observed a three-band pattern in 
his samples. In the present study, the occurrence of the 
multiple conformations of strands was not observed 
although it remains to be explained. 

A large-scale study to determine the association of 
the migration pattern of single stranded DNA with the 
specific nucleotide change in the rpoB gene might be 
useful for the presumptive identification of specific 
mutants in the clinical isolates. It is interesting to note 
that Telenti et al? observed a specific migration pattern 
for each of the nucleotide substitution. 

In this study, 3 (nos 6, 20, 21) of 6 rifampicin-sensitive 
strains were misclassified by the PCR-SSCP. It should 
be realized that SSCP does not differentiate rifampicin- 
sensitive strains with functionally silent sequence 
changes. Therefore, DNA sequencing of the PCR products 
only could confirm the mutations occurring in these 3 
specimens. Also, 1 (no. 4) of 15 rifampicin-resistant 
strains was misclassified by PCR-SSCP in the present 
study. On scrutiny, this isolate was obtained from a 
patient whose alternative isolates were sensitive to 
rifampicin. It should be pointed out that using different 
protocols such as conventional PCR-SSCP^ and auto¬ 
mated sequencing^”, the variations in the classification 
were reported. In the former, 2 of 66 and in the latter 
3 of 121 rifampicin-resistant strains were misclassified. 

The present PCR-SSCP format takes less time and 
is less expensive as it involves only one PCR. The 
results suggest that this procedure can be adopted for 
the detection of mutations in the rpoB region of M. 
tuberculosis. However, a separate study using a large 
number of sensitive and resistant strains needs to be 
carried out to assess the validity of the method. Also, 
attempts should be made for the early detection of 
rifampicin-resistant M. tuberculosis in sputum samples 
of pulmonary tuberculosis patients as it is a surrogate 
marker of multidrug-resistant tuberculosis. 
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The subsistence agricultural systems of the Central 
Himalaya harbour a huge variety of traditional crops 
and cultivars. However, a recent survey conducted 
in 150 different villages located along an elevational 
transect of Alaknanda catchment of Central Himalaya 
reveals that over a period of two decades (1970-74 
and 1990-94) the cultivated area under many tradi¬ 
tional crops has declined precariously due to various 
reasons. Many crops are facing danger of complete 
extinction and consequently the ecological and eco¬ 
nomic security of the traditional farming systems of 
this region appears to be in jeopardy. Linking tra¬ 
ditional crops with economic development of hill 
farmers through value addition adopting the tradi¬ 
tional and modern appropriate technologies may be 
the suitable strategy to conserve these crops in-situ. 

Modern agriculture, undoubtedly, has made significant 
contribution in minimizing the problem of hunger in 
the wake of ever-increasing demand for food world 
over. Its potentialities to fight hunger in future too, 
cannot be denied. For a country like India, ‘food power’ 
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is a major economic power and this was partly made 
possible by modern agricultural technology. Coexisting 
with this positive aspect are quite a few negative aspects 
of modern agriculture such as its dependence on fossil 
fuel-based yield increasing inputs, risks of vulnerability 
in the face of unpredictable climate changes and pest/ 
disease outbreaks, creation of nutrient imbalance resulting 
in soil and water pollution, loss of genetic resources 
and enhancement of inequity. Traditional agriculture 
suffered a major set back amidst a high cry of modern 
agriculture but still provides 20% of the world food 
supply^ Traditional agricultural systems are the reservoirs 
of a huge variety of crops and cultivars, many of which 
are still lesser known to the mainstream societies, and 
are better adapted to environmental conditions and social 
set-up compared to the modern agricultural systems’ 
Neither the modern agriculture nor the traditional agriculture 
seem to offer perfect solutions to the present complex of 
problems when one envisages parallel development in 
environmental, economic and social spheres. 

Traditional farming in the central Himalaya is complex 
in that crop husbandry, animal husbandry and forests 
constitute interlinked production systems. Inaccessibility, 
environmental heterogeneity and ecological fragility 
favoured evolution of subsistence production systems 
sustained with organic matter and nutrients derived from 
the forests. Modern agriculture could not penetrate for 
a considerably long period due to inaccessibility and 
extreme ecological conditions^ 

Reduction in crop diversity is one of the fast spreading 
recent changes in the region. The rate, causal factors 
and impacts of the declining trend in biodiversity are 
discussed in this paper. 

About 80% of people of Garhwal hills of Central 
Himalaya practise subsistence agriculture. Land holdings 
are small and fragmented. Per capita cultivated land is 
0.2 ha. Terraced slopes, covering 85% of total agricultural 
land, are largely rainfed, while the valleys, covering 
15% of area, are irrigated. Mixed cropping is common 
in rainfed agroecosystems. The cropping patterns are 
built around two major cropping seasons, viz. Kharif 
(April-October) and Rabi (October-April) generally 
up to ISOOmamsl and, at some locations, up to 
2000 m amsl. At higher altitudes (> 2000 m amsl), only 
summer season crops (April—October) are raised. Over 
40 crop species and numerous farmer-selected land races 
comprising cereals, millets, pseudocereals, pulses, oil 
seeds, tubers, bulbs and spices are cultivated (Table 1). 
This huge diversity has been maintained through a 
variety of crop compositions, cropping patterns and crop 
rotations^“l A wide range of variation in edaphic, topo¬ 
graphic and climatic conditions and selection piessures 
over centuries of cultivation, has resulted in an immense 
crop genetic diversity. The use of bullocks for draught 
power and humans for labour are the important inputs 


into the system. Crop yields are sustained with nutrient, 
water, energy, and organic matter inputs from the sur¬ 
rounding forests^’^ 

A variety of changes including loss of genetic diversity 
in traditional farming systems in Central Himalaya have 
emerged in response to population pressure, socio-cultural 
changes, technological innovations, market forces and 
land tenure/ownership policies. How much the genetic 
base has already eroded is hard to say, but state-driven 
‘Green Revolution’ (i.e. supply of high-yielding varieties 
(HYVs), inorganic fertilizers, pesticides and irrigation 
free of cost initially and subsequently at a highly sub¬ 
sidized price) since 1970s in this region has rapidly 
squeezed the native landraces^ A recent survey of 150 
villages located along an altitudinal gradient in the 
Alaknanda catchment of Garhwal hills reveals surprising 
facts on declining diversity of the traditional crops 
during a very short period of two decades (1974-1994), 
Area under oat {Avena sativa), buckwheat {Fagopyrum 
spp.), naked barley {Hordeiim himalayens) and legumes 
like cowpea, matbean, adjuki bean {Vigna spp.) and 
horsegram (Macrotyloma uniflorum) declined by 72-95%. 
These crops are mostly replaced by cash crops like 
potato, soyabean, kidney bean, pigeon pea, mustard and 
amaranths. About 65% of the area under Panicum 
miliaceum (hog millet) and Setaria italica (foxtail millet) 
is now cropped with high-yielding rice varieties and 
soyabean. Cultivation of Perilla fnitescense, Macroty¬ 
loma uniflorum and Vigna spp. is now on the verge of 
extinction (Table 2). Though the area under rice has 
not changed much, the farmer-selected cultivars grown 
till 1970s have been completely replaced by artificially 
bred HYVs of rice such as China-4, Taichung, Govinda 
and Saket-7. Similarly in the case of wheat, traditional 
varieties have been replaced by a HYV like Sonalika^ 
In the Himalayan Gazetteers of 1882, Atkinson listed 48 
varieties of rice and stated that there were thousands of 
other nondescriptive varieties. Today only 7-8 traditional 
cultivars including Ramjawan, Thapachini, Lalraati, Rikhva 
in irrigated land and Ghyasu in rainfed areas are rarely 
observed^ Reduction in crop diversity is partly because 
of introduction of HYVs and partly because of increased 
emphasis on cultivation of traditional cash crops, a trend 
also observed in some other parts of the Himalayas . 
When any species or cultivar is lost, the centuries old 
traditional knowledge about the same also disappears. 

Dependency on traditional crops is more prominent 
in inaccessible high altitude areas compared to the low 
altitude ones. Food consumption (capita"' yr"') level of 
the people of higher altitude villages is higher compared 
to the people at middle and lower altitude villages 
(Table 3). Around 40% of the dietary energy in the 
high altitude areas where HYVs of wheat and paddy 
have hardly reached, still comes from traditional finger 
millet, barnyard millet and amaranth cultivars^ 
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Table 1. Agricultural crop diversity across an altitudinal gradient in Central Himalaya 


Crop speceis 

English name 

Vernacular name 

Alt 

500 

1 J _l 

tudinal rang 

1000 

j III 

( 

meters 

1500 

1 1.1 

above mean sea leve 

2000 25( 

II 1 1 1 1 1 1 

1) 

30 

Allium cep a 

Onion 

Pyaz 

























“F 

Amaranthus oleracea 

Amaranth 

Chaulai 





































A. frumentaceus 

Amaranth 

Chuwa/Marcha/Ramdana 



























A vena sativa 

Oat 

Jai 























Brassica compestris 

Mustard 

Sarson 



































Brassica spp 

Mustard 

Toriya 


































Cajanus cajan 

Pigeon pea 

Tor 


. 






























Canabis sativa 

Hemp 

Bhang 

















--fe 










Chenopodlum album 

Pig-weed 

Bhetu 























Cleome viscosa 


Jakhiya 




























~w 

Colocasia himalayensis 

Taro 

Pindalu/Kuchain 





























Echinochloa frumentacea 

Barnyard millet 

Jhangora 
































Eleusine coracana 

Finger millet 

Koda 

































Fagopyrum esculentum 

Buck wheat 

Oggai 






















_ 

Fagopyrum tataricum 

Buck wheat 

Phaphar 






















_ _ 

Glycine soja 

Soyabean 

Bhatt 





























Glysine spp 

Soyabean 

Kala Bhatt 



























Glycine max 

Soyabean 

Soyabean 




























Hibiscus subdarifa 

Roselle 

Sun 
































Hordeum himalayens 

Nacked barley 

0-wa-jau 

























Hordeum vulgare 

Barley 

Jau 

































Lens esculenta 

Lentil 

Masoor 

































Macrotyloma uniflorum 

Horsegram 

Gahat 
































Oryza sativa 

Paddy 

Satti 































^F 

0. sativa 

Paddy 

Dhan 





























Panicum mlliaceum 

Hog-millet 

Cheena/Bhangna 

































Perilia frutescense 

Perilia 

Bhangjeera 


























^F 

Phaseolus vulgaris 

Kidney bean 

Razma 


























Pisum sativum 

Pea 

Matar 




























—p. 

Pi sum spp 


Kong 























r 

Sesamum indicum 

Sesame 

Til 





























Setaria italica 

Foxtail millet 

Kauni 































F 

Solanum tuberosum 

Potato 

Alu 































Sorghum vulgare 

Pear! millet 

Junyali 


























1 P 

Triticum aestivum 

Wheat 

Gehun 




































VIgna aconitifolia 

Mat bean 

Bhringa 













_k 














- p 


V. angularis 

Adjuki bean 

Rains 
















_ 














V. mungo 

Black gram 

Urad 














_^ 

















P 

V. rad i at a 

Green gram 

Mung 






_k 

















— w 


V. unguiculata 

Cow pea 

Sonta 














_ 

















P 

V. umbel lata 

Rice bean 

Bhotiya 


~ 






A — 







j 









Zea mays 

Maize 

Mungri 








r 

















t 






F 

Zingiber officinale 

“7inn/ar 

AHrak 








t ; 









_ 


1 1- 


. 




1^ 

JZ 
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The recent decline in agrobiodiversity is due to 
cumulative effect of a variety of factors including (a) 
degradation of the natural forests, the very base of 
sustaining traditional agriculture; (b) illusions about 
coarse and fine grains; consumption of traditional crops 


is considered to be a sign of backwardness in the 
emerging socio-cultural value system; (c) large scale 
migration for off-farm employment, resulting in aban¬ 
donment of agricultural land; (d) supply of HYV seeds 
at subsidized price by the government; (e) tendency for 


Table 2. Area in ha/village under different traditional crops in Kharif and Rabi seasons during 1970-74 and 1990-94 in Central Himalaya 

(after Maikhuri et al?) 


Area (ha/village) 

-—- Area declined 

Crops/cropping season 1970-74 1990-94 in percentage_ Probable reasons for decline 


Kharif season crops 
Panicum miliaceum 
Oryza sativa (irrigated)* 

Avena sativa 
Fagopyrum tatatricum 
Fagopyrum esculentum 
Parilla frutescense 
Setaria italica 
Oryza sativa (rainfed)* 

Eleusine coracana 
Echinochloa frurnentacea 
Vigna spp. 

Rabi season crops 

Triticum aestivum* + Brassica spp. 
Hordeutn himalayens 
Hordeum vulgare 
Brassica compestris 


14.2 

4.9 

65.5 

Cultivation/introduction of high yielding rice varieties (HYVs) 

14,2 

14.2 

- 

Cultivation/introduction of HYVs 

15.8 

3.4 

78.5 

Cultivation/introduction of potato 

8.6 

1.5 

82.5 

Cultivation/introduction of potato + kidney bean 

4.1 

0.3 

92.7 

Cultivation/introduction of kidney bean 

1.3 


100.0 

Cultivation/introduction of soyabean 

2.3 

0.8 

65.2 

Cultivation/introduction of soyabean 

11.2 

11.2 

_ 

Cultivation/introduction of HYVs 

9.6 

6.1 

36.5 

Cultivation/introduction of soyabean + amaranth 

2.5 

0.7 

72.0 

Cultivation/introduction of pigeonpea 

3.3 

- 

100.0 

Cultivation/introduction of pigeonpea + amaranth 

14.2 

14.2 


Cultivation/introduction of HYVs 

17.1 

4.7 

72.5 

Cultivation/introduction of potato, amaranth + kidney bean 

7.0 

1.1 

84.3 

Cultivation/introduction of HYVs 

2.0 

2.0 

- 

- 


For measuring the extent of decline in the cropping area under different crops over the period of two decades, 150 villages distributed over 
altitudinal gradient of 500-2400 m amsl in 11 valleys, viz. Niti, Mana, Finder, Birahi, Urgam, Mandakini, Banger, Mandal, Jalchaumasi, Nandakini 

of Alaknanda catchment were surveyed. ., . /uw y 

*Though the area under above crops has not changed, the traditional varieties/landraces have been replaced by the high-yieldmg varieties (HYVs). 


Table 3. Per capita annual consumption of traditional crops by the locals in relation to other food items along an altitudinal gradient of 

Central Himalaya in 1970-74 and 1990-94 (after Maikhuri et al^) 



(500- 

Lower altitude 

1000 m amsl) villages 

Middle altitude 
(1000-1800 m amsl) villages 

Higher altitude 
(1800-2400 m amsl) villages 

Food items 

Quantity 

(kg) 

Energy 

equivalent 

(MJ) 

Protein 

equivalent 

(kg) 

Quantity 

(kg) 

Energy 

equivalent 

(MJ) 

Protein 

equivalent 

(kg) 

Quantity 

(kg) 

Energy 

equivalent 

(MJ) 

Protein 

equivalent 

(kg) 

1970-74 

Common crops produced locally* 

105.00 

1637.60 

12.00 

92.00 

1441.00 

10.00 

58.00 

903.00 

7.70 

Traditional crops produced locally** 

86.40 

1170.40 

9.35 

90.40 

1252.60 

10.86 

150.60 

2085.00 

17.70 

Food grains imported from outside 

3.00 

51.40 

0.70 

— 


_ 




the village*** 

Animal products 

Vegetables 

97.20 

295.30 

4.90 

127.20 

384.30 

6.20 

206.80 

627.00 

10.50 

16.00 

248.80 

1.32 

26,0 

404.30 

2.15 

85.00 

1321.00 

7.0 

Total 

307,60 

3403.50 

28.27 

335.60 

3482.20 

29.21 

500.40 

4936.00 

42.90 


1990-94 


Common crops produced locally* 

119.90 

1942.50 

11.70 

Traditional crops produced locally** 

24.90 

369.80 

3.79 

Food grains imported from outside 

68.70 

1119.70 

7.28 

the village*** 



2.66 

Animal products 

50.50 

152.70 

Vegetables 

20.50 

318.80 

1.70 

Total 

284.50 

3903.50 

27.13 


103.70 

70.40 

54.40 

1680.00 

963.40 

885.10 

8.80 

8.68 

5.83 

49.80 

122.80 
56.10 

806.70 

1730.20 

908.80 

4.60 

15.70 

4.60 

74.20 

26.50 

227.80 

412.50 

3.90 

1.90 

102.30 

40.60 

323.60 

631.30 

6.40 

3.50 

329.20 

4168.80 

29.10 

371.60 

4400.60 

34.80 


*The common crops include wheat and rice, and easily available in market. 

**Excluding wheat and rice, the common food crops, all other crops clubbed as traditional crops. 

***Food grains imported refers to the amount procured from outside the village through barter or cash-based market. 
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maximization of profits through monocropping of cash 
crops (including both traditional and introduced crops 
and cultivars) and (f) lack of incentives for marketing 
of traditional crops. Maximization of economic returns 
is an important but not the sole factor guiding the 
choice of crops. Social, ecological and policy factors 
significantly influence the cropping patterns. Traditional 
millets and pseudocereals are generally considered to 
be the food of the poor. Policy interventions have 
encouraged improvement in production of a selected few 
common food crops like paddy and wheat ignoring the 
diversity and specificities of the mountain agriculture^’^’^ 
The vast genetic resource base plays a crucial role 
in maintaining the long-term stability of traditional 
agricultural system in a number of ways: it increases 
productivity through fuller utilization of environmental 
resources, improves soil fertility when legumes are 
incorporated in the crop mixture, reduces the chances 
of pest, pathogen and weed infestations, conserves soil 
nutrients, checks soil erosion and produces a rich and 
balanced nutritional diet. Traditional agriculture is 
entirely based on local resources while the modern 
agriculture operates based largely on external inputs. 
Dependency on external inputs is the major risk in 
inaccessible mountain villages^'"’^ Further, traditional 
cultivars provide parent genetic material for developing 
artificially bred HYVs""^. A food system based on only 
two or three food crops is extremely vulnerable to risks 
and is likely to be nutritionally unbalanced"^. There are 
numerous examples in history about the serious economic 
losses while relying on few homogeneous varieties. 
Among important examples are the potato famine of 
Ireland in 1846, the great rice famine of India in 1943, 
and the US maize crop damage in 1970. In contrast to 
this, in the traditional diversified agriculture, during 
unpredictable bad climate years, local food security may 
depend on stress-tolerant traditional staples such as 
millets. Traditional pulses (horsegram and Vigna spp.) 
have 1.5 to 2.0 times higher protein content than wheat 
HYVs and 2 to 4 times higher than that of rice HYVs. 
Certain traditional crops such as Paniciim miliaceiim, 
Setaria italica, Fagopyrum spp. if necessary, can be 
harvested over a period of 50 to 90 days^. HYVs of 
wheat and paddy do enable higher yields compared to 
traditional cultivars of these crops'”. However, the 
potential yields are often not realized because of poor 
irrigation system and poor access to fertilizers/pesticides 
due to mountain-specific constraints'^’Unless timely 
availability of yield increasing inputs is ensured, a 
change from traditional crops to HYVs may not dilute 
the problems of hill farming. Several advantages of 
traditional agriculture mentioned above can also be had 
with the modern agriculture, but our data suggests that 
value of a diversified farming system is marginalized 
once the HYVs are available to the hill farmers. Indeed, 
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these trends observed in the Central Himalaya cannot 
be generalized for other areas, 

A majority of the traditional crops possess immense 
medicinal properties. The grains of Setaria italica, Pani- 
cum miliaceum and Echinochloa frumentacea are used 
in jaundice, pneumonia and many other abdominal 
ailments. Macrotyloma uniflorum is used to dissolve 
kidney stones. The traditional landraces have high eco¬ 
logical and economic potential and thrive well even 
under adverse environmental conditions". The FAO Com¬ 
mittee on World Food Security defined food security 
as the economic and physical access to food, for all 
people, at all times. Many food-scarce areas of Central 
Himalaya are forced to purchase large quantities of 
grains from outside to meet local production shortfalls. 
Payments for food imports are a big burden on the regional 
economy. Increased production and consumption of tradi¬ 
tional food staples such as millets/minor grains, pseudo¬ 
cereals and pulses will increase food supplies and broaden 
the food base at household and region level. 

Crop yield data at two points in time (Figure 1) 
suggests that yields of most of the traditional food crops 
have remained stable. Thus, the food insecurity or short¬ 
age problem seems largely due to the changes in food 
habits (increasing preference for wheat and rice as 
staples), reduction in crop diversity and net sown area, 
and population growth rather than due to decline in 
yields of traditional crops. Many traditional mountain 
crops have comparative market advantages. Potential 
economic returns from amaranths and buckwheat are 
over two-fold of the returns from HYVs of wheat and 
paddy^. Farmers are unable to realize profits because 
of small and fragmented holdings, lack of policy pro¬ 
tection to small and marginal hill farmers and exploitation 
by the middlemen in the marketing channeT^"". 
Enhancement of local marketing and value addition 
capacity could trigger conservation of traditional crops 
together with economic development. 

In spite of many virtues of traditional crops, we are 
still losing the precious genetic diversity, the rivets of 
ecosystems’ stability, gradually. If serious view of the 
existing situation is not taken into account, the Central 
Himalaya will always remain a food-importing region 
and loose badly in terms of ecological and economic 
security. It becomes particularly significant when popu¬ 
lation is increasing. It has been predicted that by the 
turn of the century around 6% (62 millions) of India’s 
population will be living in the Himalaya. Furthermore, 
the region would lose traditional knowledge of cultivation 
and uses of these crops forever and would also lose 
the chance of being a diverse and nutritive food-producing 
region. In situ conservation of traditional crops and 
cultivars could succeed when these crops are strongly 
linked with economic development of hill farmers. Prag¬ 
matic multidisciplinary research efforts are needed to 
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Figure 1. Crop yield (kg x thousand/lia/yr) of various traditional crops across an altitudinal gradient in different valleys of the Alaknanda 
catchment of the Central Himalaya at two points of time. 


evolve farming systems which can provide enough quality 
food and economic security to the people of the region 
together with conservation of the traditional crop wealth, 
sustainability of the production systems and environmental 
conservation. Innovations built on integration of advantages 
of traditional and modern production technologies could 
offer more effective ways of addressing the problems of 
mountain farming system than a strategy aiming for re¬ 
placement of traditional agriculture by the modern one. 
Poor scientific knowledge on traditional hill farming and 
socio-economic dimensions of hill farming society is a 
serious impediment in identifying sustainable agricultural 
development solutions in the Himalayas. 
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Discovery of carbonaceous 
megafossils (Chuaria-Tawuia 
assemblage) from the Neoproterozoic 
Vindhyan succession (Rewa Group), 
Allahabad-Rewa area, India 

Vibhuti Rai, Manoj Shukla* and Rajita Gautam 

Department of Geology, University of Lucknow, Lucknow 226 007, India 
*Birbal Sahni Institute of Palaeobotany, 53 University Road, 

Lucknow 226 007, India 

Well preserved carbonaceous compressions and 
impressions of Proterozoic mega algal assemblage 
Chuaria circularis-Tawuia dalensis are recorded for 
the first time from the upper part of the Rewa 
Group, Vindhyan Supergroup, exposed in an escarp¬ 
ment near the town of Allahabad on the Madhya 
Pradesh-Uttar Pradesh border. These millimetric- 
sized fossils represent an important event in the 
evolution of the Proterozoic biosphere. The signifi¬ 
cance of the present record indicates towards con¬ 
tinuance of macro-organic community across the 
entire Vindhyan sequence. This aspect has been dis¬ 
cussed in the light of previous records from India 
and abroad and its bearing on the age of the upper 
part of the Vindhyan succession and correlation of 
the sequence on a regional scale. 

The Proterozoic (2.50-0.54 Ga) biota contains the key 
to later diversification of life forms of the Phanerozoic. 
Despite being scanty and varied, the records of micro¬ 
fossils and megafossils of the Precambrian have helped 
the palaeobiologists to build an evolutionary scheme 
where events related with distinct diversification of life 
forms occur in a sequential order. These events mainly 
pertain to the evolution of prokaryotes and their later 
diversification to eukaryotes, evolution of mega-algal 
carbonaceous forms, evolution of the Ediacaran mega¬ 
animals and the development of mineralized shell struc¬ 
tures amongst the micro-organismic community. Another 
noticeable event is related with the size domain of the 
organic world during the Proterozoic, viz. evolution of 
macro-sized plan from an earlier microscopic domain. 

We report here the occurrence of a well preserved 
Chuaria-Tawuia assemblage from the Jhiri Shale 
Formation of the Rewa Group, Vindhyan Supergroup 
of Peninsular India. Considering the earlier mentioned 
parameters of the Proterozic evolution of the organic 
world, the present find assumes significance as carbo 
naceous mega remains represent a highly evolved com 
munity during the Neoproterozoic (1000-543 Ma). 
Although carbonaceous remains of possibly mega-algae 
are reported from 2.1 Ga (ref. 1), a few reports also 
exist from 1.8 to 1.7 Ga (refs 2,3) and 1.3 Ga (ref. 4). 
A sudden increase in diversity and density of the group 
shows its acme during the Neoproterozoic time span''^"^ 


Chuaria-Tawuia represent a fossil assemblage under this 
carbonaceous category which occurs globally on a much 
wider scale. These carbonaceous remains are also known 
from the Proterozoic basins of India namely, the 
Vindhyan, the Bhima and the Kurnool. However, each 
basin has yielded such carbonaceous remains from just 
one stratigraphic horizon. In the Vindhyan basin, the 
newly discovered horizon occurs as the second level of 
carbonaceous mega-fossil yielding horizon, the first being 
the Semri Group''^“^^, 

The present find is from the road section (NH 27) 
joining Allahabad and Rewa near the village Sohagi 
(lat. 24°59' 00"N and long. 8r41'45"E), which is about 
56 km from Allahabad (Figure 1). To the south of 
Sohagi, a prominent escarpment of the Rewa Group 
emerges from a rather flat terrain of the Gangetic 
alluvium. A well-developed sedimentary succession of 
the Rewa Group occurs at the ascent of the hill (Figures 
2 and 3 a), The beds are usually flat with warping seen 
along the bedding plane. 



Figure 1. a. Study area, b, Geological map of the Viadhyan Basin. 
c, Locality map showing fossil-yielding horizon. 
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The Vindhyan Supergroup has a fairly established 
lithostratigraphic succession (Table 1), On the basis of 
various geochronological dates, the succession seems to 
represent development from ~ 1.4 Ga to ~ 0.6 Ga. Reports 
on the occurrence of carbonaceous megafossil remains 
have been published from time to time from different 
areas and stratigraphic levels'^'^^\ These suggest a highly 
diversified community of algal groups during the lower 
Vindhyan time span. Narsimhan and Raju”^ without 
assigning a name to their specimens, briefly described 
sub-circular, non-carbonaceous discs, with nearly 2 cm 
diameter, from the Jhiri (Jheeree) shales of the Rewa 
Group. Such large-sized forms are way beyond the size 
range of Chuaria circularis and possibly represent 
Beltanelloides or Beltanelliformis. 

The present finding of the carbonaceous mega-fossils 
assurnes importance as the new horizon yielding these 
remains is from a stratigraphically higher level of the 
succession in contrast with all earlier reports from the 
lower Vindhyan succession so far. The upper Vindhyan 
succession is represented by the Kaimur Group, the 
Rewa Group and the Bhander Group in ascending order. 
The upper part of the Rewa Group is developed in 
siltstone and shale lithologies (Figure 2). The stratigraphy 
of the sequence under present study has been worked 
out for more than a century^". Banerjee and Sengupta^^ 
gave a detailed litho-section of Sohagighat and empha¬ 
sized the source area of the sedimentaries of the Rewa 
Group and their possible depositional realm; Chakraborty 
and Chaudhuri^"^ discussed the stratigraphy of the Rewa 
Group besides proposing a palaeogeographic reconstruc¬ 
tion of the Vindhyan basin during its sedimentation. 
Volcaniclastic deposits from the Rewa Group of the 
Sohagighat section were also discussed in detaiP^. The 
sequence of the Jhiri Shale Formation which has yielded 
well preserved Chuaria—Tawuia assemblage is made up 
of ferrugenous, green to maroon coloured shale with 
occasional cream to grey-coloured layers (Figure 3 a) 



★ Chuaria - Tawuia yielding horizon 


Figure 2. Lithological succes.sion of the Rewa Group exposed near 
Sohagi village showing Chuaria-Tawuia yielding horizon after Banerjee 
and Sengupta^l 


and a few inter-spaced streaks of calcareous layers. 
These fine siliciclastic horizons are overlain by a thick 
succession of medium to coarse grained ferrugenous 
sandstone (Figure 2). The present horizon occurs just 
below the sandstone and ferrugenous siltstone layers 
(Figure 2). 

All the specimens discussed here have been deposited 
in the museum of the Geology Department, University 
of Lucknow, Lucknow. Specimen numbers have been 
given in the figure description. 

Systematic palaeontology 

Group: Acritarcha Evitt, 1963 (ref. 26) 

Genus: Chuaria Walcott, 1899 (ref. 27) 

(Figures 3 c-f, h-j, l-n, p~r, t-v, x-z) 

Type species: Chuaria circularis Walcott, 1899 (ref. 27) 
Description: Compressed circular to ellipsoidal carbo- 


Fieure 3. a, Succession of the Rewa Group exposed on the road section, b, Buff to brown coloured Shale-Siltstone horizon yielding 
Chuaria-Tciwiiia fossils, hammer encircled for scale. (Scale for c = 10 mm, for d-z= 1.0 mm). c, (GDLU/97A/IN3) A cluster of Chuaria cy'cu ciris 
specimens scattered on the bedding plane with a few showing peripheral split, d, (GDLU/97/VIN4) Four different specimens of C circularis, 
the lowermost partly preserved, the left one partly buried under the sediment layer and the top one showing wrinkles or concentric rmg-like 
structure at the centre, e,. (GDLU/97/VIN10) Four specimens on the bedding surface showing concentric wrinkles. The sample shows a diagonal 
crack in the upper part. /, (GDLU/97/VIN6) One large and another small-sized specimen of C. circularis, both showing peripheral split. 
g (GDLU/97A^IN9) Tawuia dalensis showing folds and creases along the longer axis, h, (GDLU/97A/IN5) Deformed C. circularis showing 
tapering, however, concentric folds are well preserved. A dark spot is clearly seen in the middle of the compression, i, (GD_LU/97/VIN2) Ve^ 
small sized C circularis clustered in the upper part of the specimen with two overlapping large specimens in the left-central part./, (GDLU/97/V1N0J 
Two well-developed compressed specimens of C. circularis showing peripheral foldings with larger specimen clearly showing a nng-like feature 
in its central part, k, (GDLU/97WIN21) T. dalensis with slight tapering towards left. I, (GDLU/97/VIN20) Carbonaceous compression of C. ^ 
circularis showing peripheral split in the lower part, m, (GDLU/97A/IN12) Dark carbonaceous disc of C. circularis. n, 

specimens of C circularis, the dark one carbonaceous while the one at the left showing typical ‘V’ shaped cracks/splits, o, (GDLU/J7/yiJNiyj 
7 dalensis with minor elongated surfacial cracks, p, (GDLU/97/VIN5) Typical C. circularis with well-developed concentric 
a (GDLU/97/VIN11) Partly preserved C. circularis showing peripheral concentric markings and ‘V’ split in the left margin, r, (GDLU/9//VliN:>; 
Two C. circularis specimens showing concentric annulations. s. {GDLU/97/VIN5) T. dalensis. t, (GDLU/97A'IN7 ) Partly ryf^ C circntoM 
with well-preserved folds. «, (GDLU/97/VIN8) Partly preserved C, circularis with carbonaceous concentric markings, v, (GDLU/97/VINIKJ une 
complete and another broken specimen of C. circularis. The smaller specimen shows angularity in folded sides, w, (GDLU/97/VIN1) T dalerisis. 

X fGDLU/97/VINl5) ‘Egg’- shaped specimen of T. dalensis without any internal feature or ornamentation, y, (GDLU/97A^1N11) An oblong 
specimen of C. circularis with two spines emerging near the bottom of the photograph, z, (GDLU/97A'IN23) Three overlapping specimens of 
C. circularis from left to right. 


784 


CURRENT SCIENCE, VOL, 73, NO. 9, 10 NOVEMBER 1997 























RESEARCH COMMUNICATIONS 


CURRENT SCIENCE, VOL. 73, NO. 9, 10 NOVEMBER 1997 








mM 


1 



1 


tt 

1 


















RESEARCH COMMUNICATIONS 


naceous discs, ranging in size from 1.0 mm to 3.7 mm, 
average being 2.0 mm. Concentric to irregular wrinkles 
on the surface particularly near the margins. Walls thick, 
psilate, opaque and without pores. Enveloping sheath 
absent. Marginal cracks and ‘V’-shaped splits are occa¬ 
sionally present. A few specimens also show a cluster 
of concentric rings in the central part of the main 
compression. 

Discussion: Chuaria has been studied in detail^* by 
several workers. On the basis of its large size, Chuaria 
was classed under acritarchs comparable to Leios- 
phaerids^*. However, Gussow” regarded these forms as 
spherical, planktonic organisms. Sun” described the form 
as spheroidal colonies of cellular filamentous cyanobac¬ 
teria with spheroidal to elongate macroscopic bodies. 
He compared these forms to the living cyanobacteria 
Nostoc. However, this comparison does not hold good 
as C. circularis has a thick, sturdy sporopollenin-like 
organic wall” as reflected in the well-preserved forms. 
Nostoc on the other hand has a thin layer which is 
unlikely to be preserved. 

SEM and TEM studies on Chuaria reveal the wall 
to be a multilamellar structure^*-*. TEM study conducted 
by lux'*" shows a ‘fine network, trabecular ultrastructure 
of the wall’. The opaque character of the wall led to 
its earlier comparison with forms like Fermoria and 
Protobolella'^ and various phosphatic fossils”*'. 

The size range of Chuaria given by Ford and Breed^* 
as 0.5 to 5.0 mm is not accepted by Vidal-'-'''’"; his 
specimens from the Visingso Formation were in the size 
range of 0.09 to 0.2 mm, going up to 3 mm. Vidal and 
Ford'” included specimens as small as 70ii.m in C. 
circularis. The upper size limit is generally accepted at 
5 mm but the lower size limit is uncertain. 

Chuaria is convincingly represented so far by only a 
single species, C. circularis. Although other species like 
C. wimani^^, C. globosa*^, C. fermorei"^ have been 
described, they lack convincing evidence to be placed 
under this genus®. Several workers""'”'** have included 
C. wimani under C. circularis. C. globosa has a doubtful 
generic status as it has an enveloping sheath unlike the 
type species. C. fermorei lacks folds as opposed to the 
type species. Other species namely C. annularis''^ and 
C. olavarriensis*^ are placed under C. circularis as they 
have been established on the basis of preservational 
variations only. C. minima'^ is also placed along with 
C. circularis as it can only be identified in macerated 
specimens under the microscope (for exine studies). 

Tawuia dalensis 

Group: Acritarcha Evitt, 1963 (ref. 26) 

Genus: Tawuia Hofmann (In Hofmann and Aitken, 
1979) (ref. 5) 

(Figures 3 g, k, o, s, w) 

Type species: Tawuia dalensis Hofmann, 1979 (ref. 5) 
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Description: An elongated cylindrical form (tomaculate) 
with semicircular termini, compressed as carbonaceous 
film or as impressions if carbonaceous film absent. 
Surface ornamentation smooth, outline smooth, sides 
parallel to slightly tapering. Compressional fold preserved 
in one specimen. The length varies between 3.3 and 
5.0 mm and width 1.6 and 2.2 mm. Aspect ratio varies 
between 1.6 and 2.94. Colour black carbonaceous to 
brown stained specimens depending on lithology. 
Discussion: Hofmann and Aitken® described Tawuia 
dalensis, from Little Dal Group, where it occurred 
alongside Chuaria circularis Walcott, 1899. However, 
prior to the erection of this new genus, such fossils 
were reported^'’ from the Belt Supergroup, Canada under 
the trace fossil genus Helminthoidichnites. Chapman'® 
recorded such fossils from the Vindhyan Supergroup of 
India as brachiopod genus Protobolella. Sahni*’ redes¬ 
ignated it to a new family Fermoriidae with undetermined 
affinity to Fermoria. 

T. dalensis has since been recorded from Svalbard**, 
China'®'^'”'*®, India® '"''^ and Russia*. Hofmann® and Sun” 
have given a detailed analysis of Tawuia. Duan®^ dis¬ 
cussed in detail the Chuaria—Tawuia assemblage from 
eastern China but contended that Tawuia may only 
represent a ribbon-like body (flat) and not a compressed 
cylinder-like form. His observation was mainly based 
on the absence of twistings and foldings in the specimens. 
However, in our samples, we have recorded a specimen 
showing well-developed foldings and creases along the 
length of the form. 

So far, Tawuia has been reported from the lower 
Vindhyans only® '"''®. The present record suggests that 
the taxa continued in the upper Vindhyans as well. The 
size range of the present record of Tawuia is definitely 
towards its lower range (based on global data), although 
much larger specimens have been reported from Canada 
and China. 

Chuaria-Tawuia assemblage demarcates a unique co¬ 
existence in the Neoproterozoic. The distribution of 
Tawuia has been very limited globally in comparison 
to that of Chuaria and therefore its present occurrence 
is significant in the light of its limited record from 
India. 

Although carbonaceous compressions are known in 
India since Jones’s report'*, Mathur® identified the form 
genera comprising Chuaria-Tawuia assemblage for the 
first time from the Suket shales of the Semri Group, 
Vindhyan Supergroup in Rampura, Madhya Pradesh. 
This stratigraphic horizon lies within the ambit of the 
lower Vindhyan strata. However, the present assemblage 
records its occurrence from another younger level in 
the Rewa Group (Vindhyan Supergroup). The two 
localities are distantly apart by about 600-700 km, a 
fact which needs to be emphasized because of the wide 
extent of the basin. The circular carbonaceous discs 
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Table 1. Lithostratigraphic classification and geochronological ages of the Vindhyan Supergroup. 
Major classification after Auden^^ The radiometric dates are after Srivastava and Rajgopalan^^ 
Kreuzer et and Crawford and Compston*''^ 
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comparable to Chuaria, from the Rohtasgarh Formation 
of the Semri Group in the Katni area were found to 
occur along with Grypania spiralis~''\ However, more 
detailed study of the biota is needed as Rai and Gautam"^'^ 
have also described several megascopic carbonaceous 
remains from Kaimur area, from a coeval stratigraphic 
horizon below the Kaimur Group. Chuaria was recorded 
from the Deoban mountains of Lesser Himalaya^”. How¬ 
ever, a closer examination of Tewari’s^" illustrations and 
specimens proved them to be either pseudo-fossils or 
simple spherical cavities. 

Hofmann^ discussed the significance of the time range 
of Chuaria-Tawiiia assemblage with emphasis on the 
700-1100 Ma span, while Sun and coworkeiV^'^' sug¬ 
gested a still precise range of 700-900 Ma for the biota. 
Zang^^ on the basis of data from China suggested a 
much wider range for Chuaria and Tawuia, i.e. from 
1200Ma to 600 Ma, The fact that Tawuia is invariably 
associated with Chuaria but Chuaria may not always 
occur with Tawuia, led Hofmann^ to establish a Chuaria— 
Tawuia assemblage zone with its potential chronostra- 
tigraphical relevance. He also tried to interpret a possible 
link between the two taxa with their biological affinity 
closer to that of large-sized eukaryotic algae of planktic 
habit, Duan^^ while discussing the affinity of Chuaria- 
Tawuia, expressed his reservation about them being 
originally spherical and cylindrical bodies. He contended 
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that these may represent original discs and ribbon-like 
body plans, with closer affinity to leaf-like plants without 
wood fibres. However, he concluded that the association 
represents marine planktic multicellular algal plants which 
are mutually related. The significance of Chuaria-Tawuia 
assemblage has been discussed at length by Sun^L Based 
on improved techniques, Sun recorded filamentous 
cellular structures from Chuaria and compared them 
with colonies of living blue-green alga, Nostoc. He 
considered Tawuia to have a very close taxonomic 
relationship with Chuaria but put it separately as a 
distinct genus. Vidal and Ford^' considered Chuaria to 
be an acritarch with the outer wall being psilate or 
chagrinate. They also considered that extremely small 
microscopic specimens (diameter 70 |LLm) might as well 
represent Chuaria, An emphatic account of the Chuaria- 
Tawuia association from Russia was given by Vidal and 
others^ with the observation on the assemblage’s pre- 
Varanger age. Recently, Steiner^^ described the Chuaria- 
Tawuia association from China and explained a possible 
biological affinity with recent cyanobacterial colonies of 
Nostoc balls. He also illustrated specimens attributed to 
C. circularis which were as small as 25 jim in diameter. 

The Chuaria-Tawuia assemblage of carbonaceous 
megafossils is recorded for the first time from the upper 
Vindhyan sequence of the Jhiri Shale Formation of the 
Rewa Group. This is the second such record from the 
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upper part of the Vindhyan Supergroup, the earlier being 
from the Suket shales of the lower Vindhyan succession. 

The assemblage is a biostratigraphically crucial record 
as the association globally represents a time span from 
1000 to 700 Ma, a pre-Vendian age. 

This suggested age corroborates well with other geo- 
chronological dates of different horizons of the Vindhyan 
sequence. 

The present find has opened up new vistas for search 
of such carbonaceous fossils in other younger horizons 
of the Vindhyan and coeval basins. A possibility of their 
occurrence in the Bhander Group cannot be ruled out. 
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Fluid of magnesitization: Diagenetic 
origin of Bauri magnesite, Kumaun 
Lesser Himalaya 
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The primary fluid inclusions in Proterozoic magnesite 
and associated marine dolomite of Bauri area in 
Kumaun Lesser Himalaya are studied to understand 
the origin of magnesite. The data obtained from both 
the carbonate phases closely match and their T,, vs 
Tjn plots shovi^ a correlation between salinity and 
temperature. A magnesite formation temperature of 
about 90''-160°C and a diagenetic replacement origin 
for these magnesites is suggested. 

The Lesser Himalayan magnesite deposits extending in 
Western Himalaya from Pithoragarh district of Uttar 
Pradesh to near Jammu in Jammu and Kashmir are the 
Indian representatives of the ‘Veitsch’ type magnesite 
deposits, as the lenses and pockets of these coarsely 
crystalline magnesites occur within the marine platform 
sediments. Diverse views about their origin are in vogue' 
ranging from direct chemical precipitation"’^ penecon- 
temporaneous diagenetic replacement'’"^'^ and epigenetic 
hydrothermal metasomatism by Mg and/or CO^-rich so¬ 
lutions^. The origin inferred from field, petrographic and 
chemical evidences has remained inconclusive. Consid¬ 
ering this dispute, present fluid inclusion data as new 
aspect in understanding magnesite genesis is significant. 

The Bauri magnesite deposit (29°44'N; 79°47'E) 
located about 5 km south-east of Kathpuria Chhina, 
50 km north of Almora on Almora-Takula-Bageshwar 
road is hosted by the dolostone of the middle to Late 
Proterozoic Gangolihat Formation. Magnesite is found 
as lenses, pockets and bands associated with dolomite. 
The dark grey to blue dolostone occurs in micro-crys¬ 
talline, massive as well as in stromatolitic form, whereas 
the magnesite is pinkish and very coarse and stellate. 
The contact between these two is both concordant, sharp, 
abrupt as well as exhibiting interdigitation and sutured. 
Relics of cryptocrystalline silica in the form of chert 
fillings and veins are observed both in dolostones and 
magnesites. Talc occurs as relics within magnesite as 
well as the product of later magnesite-quartz reactions^ 
Occasionally galena also occurs associated with both 
the carbonate facies. There is a gradual increase in MgO 
and FeO with a corresponding decrease in CaO and a 
striking depletion in Sr from dolostone to magnesite. 
However, no distinct variation in other major or minor 
elements and in insoluble contents has been noted. Both 
dolostones and magnesites are characterized by the same 


range of oxygen isotope ratios but a marked enrichment 
in lighter carbon isotopes in magnesites is found^. 

The fluid inclusions with nearly similar characters are 
observed both in magnesite and associated dolomite, as 
described below: 

(i) Primary monophase aqueous inclusions are common 
both in magnesite and dolomite. They are usually regular 
and equant (geometric) in shape, <10|am in size and 
found scattered in the grains. They also occur in small 
groups associated with the biphase inclusions. 

(ii) Biphase aqueous inclusions contain 80 to 95 vol% 
liquid and 5-20 vol% gas. They are commonly about 
10|am in size with a variation from <5p-m to rarely 
about 20 pm. They are mostly equant to subequant in 
shape, some of them are elongated and rounded. In rare 
cases movement of their gas is noticed. The distribution 
pattern and the shape of the mono and biphase inclusions 
in magnesite and dolomite (Figure I a and 1 b) suggest 
that they are primary in nature^ and hence these are 
taken to represent the fluid that participated in magne¬ 
sitization process. 

(iii) Although uncommon, inclusions with about 
20 vol% CO 2 and a major proportion of aqueous liquid 
are also observed. These inclusions are semicircular in 
shape, nearly 10 ±5 pm in size and occur in planar 
arrays, trails or in groups (Figure 1 c). Careful observation 
showed a liquid-liquid meniscus in two inclusions. Due 
to their secondary nature in magnesite, they appear to 
be unrelated with the magnesite formation process. 

The microthermometry on double-polished wafers con¬ 
taining magnesite and dolomite is carried out, using gas 
flow SGE and Linkam THMSG 600 fluid inclusion 
systems. The observation of the low temperature phase 
behaviour in many inclusions was poor because of 
optical limitations. The accuracy of the heating runs 
was found to be ±5°C whereas on freezing it was 
±0.4°C. Thermometric runs were repeated on many 
inclusions to check leakage and/or stretching in the 
inclusion cavities'^. 

On freezing, the monophase inclusions did not nucleate 
any vapour bubble indicating that they are not metastable 
stretched water solution. This also suggests that they 
were trapped at a lower temperature than biphase 
inclusions. The temperature of eutectic melting in many 
frozen inclusions could not be observed. However, the 
first phase separation in some biphase inclusions was 
noticed at a temperature range of -28.8° to -24.5°C. 
This is lower than the eutectic temperature of 
H^O + NaCl + KCl solution (cf. -22.9°C)"’. It is known 
that the presence of divalent cations like Mg and Ca may 
cause lowering in eutectic temperature of NaCl + KCl- 
bearing solution^ Hence from the estimated temperature 
of first phase separation, presence of other cations like 
Mg and Ca in the trapped NaCI-KCl-H^O fluid is 
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indicated. Such inference also supports the host com¬ 
position and suggests that this fluid participated in the 
magnesite formation. The salinity is estimated in terms 
of eq. wt.% NaCl considering final ice melting tem¬ 
peratures". The reported values indicate the amount ot 
NaCl which would produce equivalent lowering in melt¬ 
ing temperature. The recorded ice in magnesite^ is 
-6.3 to -13.8°C and in dolomite it is -7.1 to -13.2°C, 
which corresponds to a salinity of 9.6 to 17.6 eq. wt% 



Figure 1. Photomicrograph of bipha.se and monophase aqueous in¬ 
clusions (a) in magne.site and (fi) in dolomite, (c) shows HjO-COj 
inclusions in magnesite. 


NaCl and 10.6 to 17.1 eq. wt% NaCl respectively. The 
homogenization of these biphase aqueous inclusions in 
dolomite ranges from 84° to 162°C with a peak at 
100-110°C, whereas the biphase inclusions in magnesite 
were homogenized at temperature range of 92° to ]76°C 
with a histogram peak at around 120°-130°C (Figure 
2). The average estimated density of aqueous fluid in 
magnesite is about 1.04 ± 0.02 g/cml As the monophase 
inclusions were trapped after the thermal peak, they 
indicate a lower temperature than the biphcise inclusions, 
although by the usual petrographic observations their 
chronology is unpredictable. The samples having galena 
in addition to magnesite and dolomite generally do not 
show inclusions with lower temperature range (< 100°C) 
and no other distinct difference was noticed. 

The microthermometry on a few HjO -f- COj inclusions 
suggests the presence of CO^ with a low density (about 
0.78 g/cm^). The occurrence of talc shreds in magnesite 
together with the secondary COj-bearing inclusions in 
magnesite implies that the trapped CO, was produced 
by MgCOj -I- SiO^ reaction forming talc and releasing 
COj. As these secondary inclusions are not representative 
of magnesitization process, therefore they are not dis¬ 
cussed here. 

The r,, vs r„, plots (Figure 3) of Bauri magnesite 
show that the salinity of the fluid decreased along with 
the lowering in temperature, hence fluid was diluted at 
reduced temperature. This indicates mixing of two fluids, 
one being low saline, low temperature probably a 
meteoric water and the other diagenetic in nature as 
has been suggested by the salinity and temperature 
records'^ Such dilution by meteoric water would favour 
the magnesite formation because the carbonate solubility 



Figure 2. Hi.'.togram of biphase aqueous inclu.sions. a, For homog¬ 
enization temperatures in magnesite; b. For final ice melting temperature.'! 
in magnesite; c, For homogenization temperatures in dolomite; d, for 
final ice melting temperatures in dolomite. 
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Figure 3. Melting vs homogenization temperature diagi’am for Bauri 
magnesite. 


increases at lower temperature'^ and therefore the removal 
of Ca by Mg is easier at lower temperature. It is difficult 
to ascertain the advent of meteoric water mixing, however 
the near-horizontal distribution of higher homogenization 
temperatures over the plots suggests that the mixing 
was introduced soon after the attainment of maximum 
temperature. Further, the recorded temperature reflects 
near-formation temperature without applying pressure 
correction because these Proterozoic carbonates are 
effected by increased overburden pressure. 

The compatibility of inclusion data with the genetic 
models of Lesser Himalayan magnesite is discussed. 
This can place constraints on the process involved in 
magnesite origin. It is evident that the transformation 
of dolomite to magnesite by the Mg-rich emanations of 
basic magmatic origin is not possible because fluids of 
such origin have high temperature with rich CO^ contents, 
which in present case is lacking. These evidences also 
do not support hydrothermal replacement by Mg- and 
CO^-rich fluids, forming magnesite. For the hydrothermal 
deposits it is well demonstrated that they result from 
much larger volumes of ore fluid which must successively 
pass through the sites of the ore body, thus leaving its 
remnants^ Whereas this study shows that since the 
characters of inclusions and estimated micro-thermometry 
of magnesite and dolomite closely match therefore, they 
do not qualify for the origin from hydrothermal fluid 
flux. 

The chemical precipitation of magnesite/syngenetic 


model suggests that it was formed in high-saline media 
and high-Mg/Ca ratio. This has also been proved by 
the experimental precipitation of magnesite wherein high 
saline fluid was used^. Present day evidences of carbonate 
crystallization in sabkhas also indicate that hypersaline 
brine richer in Mg than ordinary sea water are required 
for the precipitation of primary magnesite. The recorded 
salinity of 18wt% NaCl eq. are much lower than the 
hypersaline fluid required for chemically precipitated 
magnesite. Also in the chemical precipitation, the grains 
are usually fine and the trapping of suitable inclusions 
is a major problem. The coarse crystalline magnesites 
are considered as product of diagenesisand the crystal 
size of carbonates has been used to distinguish early 
and late diagenetic origin'^’'^. In the present case the 
magnesite is coarser than dolomite and occurs in pockets 
and in lenses in the latter. The change in crystallinity, 
sharp contacts and form of magnesite suggests a post- 
dolomitization replacement event responsible for mag¬ 
nesite formation. These inferences indicate that dolomite 
is formed earlier and magnesite formed later. In the 
absence of a foreign fluid trapped in magnesite, its 
formation by syndiagenetic replacement is suggested. 
This is supported by the similar nature of fluids, identical 
inclusion cavities, their distribution pattern and minor 
difference in their temperature and salinity in magnesite 
and dolomite. The salinity and histogram peak of ho¬ 
mogenization temperature in magnesite (120°-130°C) is 
marginally higher than that in dolomite (100°-110°C). 
These conditions suggest an increased overburden during 
compaction and diagenesis and favourable environment 
during magnesite formation. The occurrence of algal 
structures indicates that Mg might have derived from 
original algal limestone which may contain as much as 
24% MgC 03 . A diagenetic event following primary 
sedimentary precipitation of magnesite also cannot be 
invoked as formation process. This is because no remnant 
of early stage fluid is found, the temperature is too low 
to completely eliminate the early trapped fluid if any, 
the trend of 7,^ vs is similar to diagenetic origin 
deposits'~’'^ and also because of the mode of occurrence 
of magnesite and dolomite. Hence, it is attributed that 
magnesite was formed by the diagenetic replacement of 
dolomite. 
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Petrography and metamorphic conditions of a new 
sapphirine-bearing assemblage from Kambam valley 
are described. Temperature of formation of sapphi¬ 
rine-bearing assemblages is high, around 850°C, and 
pressures range from 7.5 to 5 kbars, suggesting that 
sapphirine formation took place during decompression 
events. 

The sapphirine occurrence of the Kambam valley 
is the southern most, reported so far in the southern 
granulite terrain (SGT). Here we report the sapphirine 
occurrences of the eastern Kodaikanal ranges cluster 
around the Kambam fault, which hosts carbonatite. 
In addition, numerous syenite bodies and alkaline 
granites are common to the Kodaikanal ranges. The 
age of garnet separates (Sm-Nd garnet/whole rock) 
of Kambam valley and Kodaikanal ranges is around 
550 to 520 Ma. This indirectly gives the age of sap¬ 
phirine formation, as sapphirine develops after garnet. 
The age of the carbonatite, syenite bodies and alkali 
granites which occur along these intra-cratonic line¬ 
aments ranges between 790 and 550 Ma. The close 


spatial association of the high temperature sapphirine- 
bearing assemblages with the Kambam fault strongly 
suggest that their formation is closely linked to Pan- 
African tectonothermal event. 

In this paper, we report sapphrine-bearing assemblage 
from a new locality, south of the Kodaikanal ranges. 
This locality lies in the Kambam valley and is the 
southernmost sapphirine occurrence so far recorded from 
southern India. However, this sapphirine assemblage can 
be tied up with the numerous sapphirine occurrences 
from the eastern Kodaikanal ranges. Stress is laid on 
the tectonic significance of these sapphirine occurrences 
restricted to a rather narrow zone; the timing of sapphirine 
formation and the possible heat source. 

The South Indian granulite terrain can be broadly 
subdivided into a late Proterozoic (Pan-African) southern 
granulite terrain (SGT) and late Archaean northern 
granulite terrain (NGT) with the fundamental Palghat- 
Cauvery break, now a graben, separating the two. The 
SGT is dominated by granulite grade supracrustal units, 
in addition to the normal charnockite and two pyroxene 
granulites. These litho units contain critical mineral 
assemblages which are excellent tools in constraining 
the metamorphic conditions and P-T-t paths. High tem¬ 
perature (900°C) silica-deficient sapphirine granulites 
have been reported from several localities in SGT, viz. 
Ganguvarpatti^"^ Panrimalai"^, Perumalmalai^"^ and Usi- 
lampatti*^. 

The wedge-shaped Kambam valley is bordered by the 
Cardamom hills to the west and the Varushanad hills 
to the east (Figure 1). This valley, the resultant of a 
deep fault (the Kambam fault) trends in a NNE to NE 
direction. As can be seen from the map, the Kambam 
fault cuts across the eastern Kodaikanal ranges and 
extends further northward across the Kadavur massif 
anorthosite body of Proterozoic age. 

The dominant rock types of the area include granulite 
grade pelitic and calc-silicate lithologies, interbedded 
with pyroxene granulite bodies amidst quartzofeldspathic 
charnockites. The terrain as a whole is punctured by 
several granite bodies. Presence of syenite and late 
carbonatite intrusives is significant. 

Pelitic lithologies include both silica saturated (grt- 
cord-bt-sil) and silica undersaturated (spr-erd-opx-bt- 
spl-plag) varieties. Calc-silicate lithologies are intimately 
intermixed with pyroxene granulite bodies on a decimeter 
scale and contain wollastonite-scapolite-garnet-clino- 
pyroxene associations. Charnockite is normally devoid 
of garnet. The"present study focuses on the silica-deficient 
sapphirine-bearing assemblages. 

Silica-deficient pelitic granulites occur as in situ out¬ 
crops of a few meters amidst charnockite. Pelitic and 
calc-silicate bands can be seen in the vicinity. Two 
distinct mineral assemblages, viz. spr-crd-opx-bt-spl 
(sapphirine present) and crd-opx-bt~plag (sapphirine 
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absent) are noticed. Sapphire blue sapphirine and the 
indigo blue cordierite grains (up to 0.8 cm across) can 
be noticed even in hand specimens. Orthopyroxene and 
biotite define the regional foliation (NE-SW) and sap¬ 
phirine grains often athwart the foliation suggesting that 
sapphirine is late. 

Sapphirine is strongly pleochroic in shades of blue 
and green and is commonly intergrown with cordierite 
(Figure 2 a). Occasionally, sapphirine contains inclusions 
of spinel (XMg 0.70), cordierite and rare, calcic 
plagioclase. Sapphirine also occurs as slender ribs grow¬ 
ing across orthopyroxene plates (Figure 2 b). At places, 


n*o' u«o' 



Figure 1. Map of the Kodaikanal ranges showing the different 
sapphirine localities: 1, Panrimalai; 2, Perumalmalai; 3, Ganguvarpatti; 
4, Usilampatti; 5, Kambam; C, Kambam carbonatite; ODM & KDV, 
Oddanchatram & Kadavur massif anorthosite bodies. Inset-Key map; 
NGT, Northern granulite terrain; SGT, Southern granulite terrain. 
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sapphirine is found in complex intergrowth with 
orthopyroxene, cordierite and biotite. Chemically the 
sapphirines of Kambam plot between 221 and 793 in 
the (Mg 0 +Fe 0 )-Al 203 -Si 02 diagram (Figure 3). XMg 
varies from 0.87 to 0.91 which is slightly higher when 
compared to sapphirines from other localities (XMg 
0.73-0.87) in the eastern Kodaikanal ranges. 

Two generations of cordierite can be identified. 
Cordierite included in sapphirine represents the first 
generation (crdl). In sapphirine-absent assemblage, spec¬ 
tacularly large (0.8 cm long and 0.5 cm across) cordierite 
(crdl) has inclusions of biotite and corona of ortho¬ 
pyroxene. Cordierite intergrown with sapphirine, ortho¬ 
pyroxene and biotite forms the second generation (crd2). 
The two generations of cordierite have similar chemistry. 
Cordierite of different generations with similar chemistry 
has been reported from Napier complex, Antarctica and 
this phenomenon has been attributed to the retrograde 
Mg-Fe re-equilibration^’XMg value is around 0.95 
and is comparable with those from other sapphirine 
localities in the SGT. 



Figure 2. a, Photomicrograph showing sapphirine + cordierite inter¬ 
growth. Note included spinel (dark) in sapphirine (Spr). b, Sapphirine 
ribs in large platy orthopyroxene. Surrounding the orthopyroxene cor¬ 
dierite grains are seen. 
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Strongly pleochroic orthopyroxene commonly occurs 
as intergrowths with sapphirine and biotite Ortho¬ 
pyroxene which co-exists with biotite parallels the 
regional foliation. They are well preserved m micro¬ 
domains where sapphirine has not developed, as later 
sapphirine growth disrupts them. ' „ , . 

In the present locality, orthopyroxene with 5% alumina 
is common and orthopyroxene with high alumina contents 
(8-12%) is not noticed. High alumina orthopyioxene 
has been reported in sapphirine assemblages from 



Mol V. Al^Oj- "*■ 

Figure 3. (MgO + FeOi-AhOj-SiO, diagram showing the composition 
of Kambam sapphirines intermediate to 221 and 7yj. 


Perumalmalai^’’ and Ganguvarpatti^ It is noteworthy that 
these high alumina orthopyroxenes with patches of 
sapphirine and green spinel are commonly found as 
breakdown product of garnet. In the above two areas 
large plates of orthopyroxenes with a lower alumina 
content (5%) also occur surrounding cordierite-sapphirine 
symplectites (see photographs in ref. 5). Absence of 
high alumina orthopyroxene in sapphirine-bearing 
assemblages in the Kambam locality may be because 
of their resorption during sapphirine formation. 

Biotite is the most dominant mineral making up to 
60% modally. Two generations of biotite which differ 
in texture and chemistry are identified. The prograde 
biotite (btl) occurs as inclusions in cordierite or as laths 
defining foliation. They have higher TiO^ content (3.5- 
4%). Second generation biotite (bt2) forms as an altera¬ 
tion product of orthopyroxene along its margin and has 
lower TiO^ content (1.5-2%). 

Table 1 gives the representative analyses of sapphirine, 
cordierite, orthopyroxene, biotite and spinel. 

The assemblage sapphirine—cordierite—orthopyroxene- 
biotite-spinel falls within the KFMASH system. Tlie 
representative mineral analyses are plotted in the trilinear 
diagram with apices Si02-6(K20-i-Na^O), (FeO-l-MgO), 
(AljOj-Cr^Oj-Fe^Oj), (Figure 4). Mineral reactions are 
deduced from textural relations in conjunction with the 
above phase diagram. 
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Figure 4. (MgO + Fe 0 )-(Al 203 + Crp3-K20 + 
diagram showing the phase relations for the sapphirine assemblage of 
Kambam. Projection from potash feldspar is preferred as the paragenetic ^ 
relation between cordierite and orthopyroxene can be better represented 
unlike in AKF diagram, where they fall on the same line. 

Inclusions of biotite in orthopyroxene and cordierite 
suggest their formation by the pro grade reactions: 

Bt + qtz => Opx + Kfs + V (1) 

Bt + Sil + Qtz =» Crd + Kfs + V (2) 

In general, formation of sapphirines in eastern Kodaikanal 
ranges, especially in the Perumalmalai and Ganguvarpatti 
localities, can be explained by the following reactions: 


Grt => Spr + Opx + Crd (3) 

Mg Tschermark of Opx => Opx -F Spr (4) 

Spl + Crd=^Spr + Opx (5) 

Bt + Crd Opx + Spr. (6) 


Reactions (5) and (6) pertain to the present locality as 
can be seen from the topology of KFMASH diagram. 
Presence of inclusions of spinel and cordierite in 
sapphrine and the complex intergrowth of sapphirine, 
orthopyroxene, cordierite and biotite confirms the above 
reactions. Though garnet and high alumina orthopyroxene 
(r:i9%) seem to be absent in the present locality, reactions 
(3) and (4) inferred as sapphirine-orthopyroxene- 
cordierite intergrowths are common. It is quite probable 
that these terminal reactions have proceeded to near 
completion, consuming all the garnet and high alumina 
orthopyroxene. More important is that, these 
sapphirine-forming reactions are decompression reactions. 

Estimates of temperature for sapphirine-bearing 
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granulites using spinel-cordierite^ ^ and orthopyroxene- 
biotite pairs'^’^^ are 950°C and 800-830°C respectively. 
These values agree with the estimates using garnet- 
cordierite and garnet-biotite pairs of pelites and garnet- 
orthopyroxene-plagioclase-quartz of charnockites of 
Kambam valley (850-950°C). Thus, the area in general 
has witnessed a dominant high temperature granulite 
grade metamorphism. 

Pressures are deduced from spinel-cordierite-ortho- 
pyroxene-biotite assemblage using TWEEQU program^"^. 
The pressure estimated using inclusion phases in 
sapphirine-like spinel, cordierite and biotite gives a 
maximum of 7.5 kbar, while that deduced from phases 
co-existing with sapphirine is lower around 5 kbar, sug¬ 
gesting that sapphirine formation was associated with 
decompression events. These pressure estimates are in 
good agreement with those obtained from garnet-bearing 
pelitic and charnockite assemblages of the area (5- 
8 kbar). The pressure estimates for garnet-bearing 
sapphirine assemblages of Kodaikanal ranges are only 
slightly higher (8-5 kbar)^’^’^. 

From petrography and mineral reactions, it is clear 
that the formation of orthopyroxene and sapphirine in 
Kambam valley and in general in the Kodaikanal ranges 
is at the expense of garnet. In garnetiferous two pyroxene 
granulites and charnockites, the garnets often breakdown 
to form orthopyroxene-calcic plagioclase symplectites. 
We stress on this aspect as the garnets from the charno¬ 
ckite and pyroxene granulite bodies of Palni ranges 
forming the eastern part of the Kodaikanal ranges give 
ages of 550 Ma and 520 Ma, respectively^^. In the present 
locality, garnet separates from charnockites give ages 
of ca 520 Ma by the Sm-Nd garnet/whole rock method 
(Janardhan and Peucat, pers. comm.; the work was 
carried out in the University of Rennes, labs). We are 
aware of the fact that these ages represent cooling ages, 
and not the actual age of garnet formation. For the 
present study, what is important is that the dominant 
granulite metamorphism in the SGT is around 550 Ma, 
given by garnet in charnockites which does not show 
any symplectitic breakdown^^ and by other methods 
Sapphirine formation should have taken place slightly 
later than 550 Ma. 

Kambam carbonatite gives an age of around 520 Ma 
by Sm-Nd and Rb-Sr whole rock methods (Anil Kumar, 
unpublished data). This 520 Ma age could possibly be 
a metamorphic age. We make this statement since the 
ages of carbonatites of Tamil Nadu (Sevattur, Pakkanadu 
localities) are around 790 Ma (ref. 17). The age of 
Munnar alkaline granite of 740 Ma (ref. 18) is significant. 
The age range of 800-550 Ma is commonly described 
as Pan-African events elsewhere^^. 

The age of sapphirine formation in the Eastern Ghats 
is suggested to be around 1000 Ma (ref. 20). Recent 
ages of 950 Ma (ref. 21) for the granulite event of the 
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Eastern Ghats support the above data. Thus, sapphirine 
formation in the Eastern ghats and in the SGT probably 
took place at different times and this has a great bearing 
on the tectonic evolution of these two granulite terrains. 

From Figure 1, it can be seen that all the sapphirine 
localities from eastern Kodaikanal ranges cluster around 
the Kambam fault extending from Kambam and cutting 
across the eastern Kodaikanal ranges. The present car- 
bonatite and sapphirine locality lies at the southern 
extremity of the Kambam fault which trends in a NNE 
to NE direction. 

It is to be noted that in northern Tamil Nadu, the 
carbonatite-syenite associations also occur along NNE 
trending major faults^l Hence, Kambam fault is com¬ 
parable to the above major faults and sapphirine formation 
is closely linked to the Pan-African rifting and high 
temperature magmatism. 

Thus, the present study describes a new sapphirine 
occurrence from Kambam valley which forms part of 
the SGT. This study also brings out the fact that most 
of the sapphirine assemblages of the Kodaikanal ranges, 
including the well-described Ganguvarpatti and Perumal- 
malai ones occur in a rather narrow tract, paralleling 
the NNE trending Kambam fault. The other well-known 
reports of Kiranur, Ellamankovilpatti and the Sittampundi 
also occur in the Palghat-Cauvery fundamental break. 

The Kambam fault is akin to the major NNE trending 
deep crustal faults in northern Tamil Nadu and can be 
extended further northward to the Attur fault zone of 
Grady^^, which lies east of Tiruvannamalai. Incidentally, 
sapphirine-bearing assemblages have also been reported 
from Ponnakadu, 7 km west of Tiruvannamalai^ Car- 
bonatite-syenite-shonkinite intrusives closely associated 
with these major crustal breaks, range in age from 800 
to 670 Ma. Hence, these faults could well represent 
intracratonic lineaments of the Pan-African age. 

The close spatial and temporal association of the 
sapphirine granulites to the deep crustal Kambam fault, 
which hosts carbonatite and syenite, strongly suggests 
that the sapphirine formation in the Kodaikanal ranges 
can be linked to the Pan-African tectonothermal event. 
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On the seismic vulnerability of 
Jabalpur region: Evidence from deep 
seismic imaging 

P. R. Reddy, Kalachand Sain and A. S. N. Murty 

National Geophysical Research Institute, Hyderabad 500 007, India 

In light of our limitations in ‘short-term earthquake 
prediction’, detailed structural results from seismic 
studies could act as parametric inputs, in our pursuit 
for better understanding the seismicity of a region. 
A synthesis of seismic refraction/wide-angle reflection 
results of Hirapur-Mandla profile with other geo¬ 
logical and geophysical signatures in central India, 
occurrence of seismic activity indicate presence of 
neotectonic activity. This assumes significance in light 
of the recent earthquake in Jabalpur region. Intense 
fracturing associated with the boundary fault near 
Jabalpur might have been responsible for the release 
of stress accumulated due to continuous northward 
movement of the Indian plate. It is suggested that 
detailed seismic surveillance is undertaken in and 
around the Narmada-Son lineament to more specifi¬ 
cally pinpoint seismic vulnerability of the region. 

The controlled source seismic experiment is a powerful 
tool to image the crustal structure (faults/fracture zones) 
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and subsurface velocity structure. It is well known that 
for a comprehensive understanding of a region’s seis¬ 
micity, one needs to know its genesis by understanding 
the role of faults/fractures present in the region. 

A 240 km long deep seismic sounding (DSS) profile 
(Figure 1) was shot, from Hirapur to Mandla, to acquire 
analogue seismic refraction/wide angle reflection data. 
Processing of this data^ has revealed that the crust is 
divided into four major blocks around deep faults at 
Narsinghgarh, Katangi and Jabalpur, and the block 
between Katangi and Jabalpur is uplifted. 

Subsequently, travel time and amplitude modelling has 
been carried out using digitized record sections of the 
analogue data. For Katangi and Jabalpur region in the 
zone of Narmada-Son lineament (NSL), the forward 
modelling (Figure 2) by Murty et al? has brought out 
(i) a horst structure and (ii) a prominent upwarp in the 
Moho horizon. Using travel time inversion of wide angle 
seismic data, shallow velocity structure (Figure 3) has 
been built up^, which also corroborates presence of the 
uplifted block beneath Katangi-Jabalpur section. High 
velocity (6.5 km/s) lower crustal material appears to 
have come up to a depth of less than 2 km. There is 
a general qualitative agreement between the velocity 
structure and the Bouguer gravity anomaly (plotted on 
the top of Figure 3). The study also brings out the 
presence of low-velocity materials at the flanks of the 
horst structure. The intense fracturing associated with 
the boundary faults flanking the horst indicates that the 
block tectonics might have been active in this region. 
The Narmada-Son lineament has been the subject of 
investigating various geological and geophysical features 
and many such important results have been reviewed 
by Reddy et al\ It is evident from their work that the 
crustal structure along and across the NSL is very 
heterogeneous and complicated in nature. As such this 
zone is susceptible for seismic activity. In a review 
note on NSL, Krishnabrahmam^ has also pointed out 
that the Narmada region is far from being seismically 
quiet. ENE-WSW trending NSL (SONATA) in central 
India is a remarkable lineament zone-1600km long 
and 150-200 km wide - traceable across the Indian 
Peninsula between 72° and 88° longitudes and may 
further extend in either direction^. In the area of our 
present study this zone (Figure 1) seems to be lying 
between north of Katangi and south of Jabalpur. From 
the geological and tectonic signatures'’^ it is evident that 
the deep seated fault south of Jabalpur is more or less 
forked into two branches from Jabalpur northeastward. 
As such the region closer to Jabalpur, which is at the 
boundary of the Katangi-Jabalpur block, is weak and 
susceptible for seismic activity. The epicenter (shown 
in Figure 1) of the recently occurred Jabalpur earthquake 
(May 22, 1997) is 30 km southeast of Jabalpur and falls 
on seismically active NSL in the central India. The 
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isoseismal map of this earthquake prepared by Gupta 
et al? shows NE-SW trend which, in general, agrees 
with the focal mechanism solution, indicating a dominant 
thrust component along a ENE-WSW nodal plane with 
a minor strike-slip component. The maximum intensity 
is assessed to be VIII on a MM scale and is observed 
in Jabalpur and surrounding region. Gupta et al? reported 
only a few aftershocks but no foreshocks. Mittal et al?^, 
while analysing crustal structure along Hirapur-Mandla 
and micro-earthquake information of the region have 
pointed out that the region west of Jabalpur could be 
identified as a pocket of higher seismicity. They also 
suggested that the concentration of micro-earthquake 
activity indicates probable recurrence of an earthquake 
of magnitude 6 to 6.5 near Jabalpur. 

Studies in the Deccan Trap-covered area south of 
Katangi-Jabalpur zone have also yielded interesting 
results. This zone falls in the NSL region which is part 
of a suture between Bundelkhand and Deccan Protocon¬ 
tinents. NSL has been rejuvenated periodically since the 
Precambrian times. Hwang and MitchelP^ noticed low 
(high attenuation) values for the central Indian crust 
and this has been attributed to the thermal effect of 
Deccan volcanism on the central Indian crust. Geomag¬ 
netic depth sounding (GDS) experiments^ provided strong 
evidence for the existence of an elongated conductivity 
zone south of Jabalpur beneath the Satpura range (Satpura 
conductivity anomaly — SCA). The SCA embedded in a 
high heat flow zone^ coincides with a prominent gravity 
high both on Bouguer and Isostatic anomaly mapS^'Ss 
The area of conductivity anomaly is characterized by 
an uplifted Moho with a high velocity layer at mid 
crustal depth 

In addition to the above, results of surface wave 
studiesshow an estimated thickness of 100 km for the 
lithosphere below central India based on the presence 
of low velocity zone and high attenuation at that depth- 
Reddy’^ while studying the low-velocity layers present 
beneath the Koyna, Latur and Central India, has suggested 
that a large part of Central India has been affected by 
mantle-plume activity. The region has a number of weak 
zones that might have acted as feeders for hot material 
injected into the crust-lithospheric system due to asthe- 
nospheric upwelling during the Deccan volcanism. 
Further, Reddy et al?'^ have also suggested the existence 
of deep rooted N-S trending sinusoidal structure between 
70° and 90°E with undulations at every 5°. Accordingly 
a regional N-S extending ridge-like structure runs through 
Jabalpur, i.e. 80°E meridian. This would imply a major 
intersection between E-NE NSL and the N—S trend. 
The morpho-structural zoning scheme of Himalayan belt, 
foredeep and Indian shield^” also indicates a first order 
N-S directed and approximately 1000 km long mega 
lineament along the 80°E meridian passing from Ongole 
to north of Jabalpur. ; 
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Figure 2. 2-D crustal velocity structure along the Hirapur-Mandla prolile (alter Murty et air). 



Figure 3. Shallow velocity (contour) stmcture along the Hirapur- 
Mandla profile. Thick lines represent interfaces (after Sain et al?). 


Short-range prediction of an earthquake namely exact 
time, location and magnitude is, as on today, not possible. 
However, in our pursuit to unravel the hidden mysteries 
associated with the worst natural calamity - earthquake, 
one needs to take into consideration various observations 
and data sets. The refraction and wide-angle reflection 
studies carried out in different parts of Indian sub-con¬ 
tinent have brought out velocity-depth structural vari¬ 
ations present at the upper, middle and lower crustal 
columns. It is noticed from different velocity-depth 
models that such zones, where prominent block structural 
movements are noticed with conspicuous presence of 
fault zones, need to be studied critically as these locales 
could probably be sources for future seismic activity. 


In these, especially those zones where clear block move¬ 
ments are noticed, with upward movement of middle 
and lower crustal formations to shallower depths, are 
important. The deductions made in our present study, 
after duly considering various geological and geophysical 
inputs could be used as parametric inputs while analysing 
signatures from different areas. In any region where 
vertical tectonics is noticed, as a part of neotectonic 
activity, one needs to study carefully the pattern and 
role of faults, fractures and joints. However, it is relevant 
to note that as the continental crust contains innumerable 
number of criss-cross faults, fractures and joints, one 
needs to have a systematic seismic surveillance before 
arriving at any definite idea about the seismicity character 
of a region. So, the useful structural details as brought 
out from seismic studies' could be synthesized with other 
geological and geophysical signatures, especially the 
stress pattern, for better understanding of the seismicity 
of a region, but not for short-range prediction. 

Coincident deep reflection/refraction studies in central 
India~^ have shown presence of upper and lower crustal 
low-velocity layers. These layers, high heat flow, hot 
springs, significant reflectivity character north and south 
of central Indian suture and mild seismic activity in the 
central India strongly suggest neo-tectonic activity in 
the region, including the horst structure between Katangi 
and Jabalpur. 

In view of the details given above, the region north 
of Jabalpur to Seoni deserves a detailed integrated 
geophysical investigation on a much finer scale. Such 
a study will help in more clearly pinpointing the causes 
of recurring seismic activity which manifested in the 
form of Jabalpur earthquake on 22 May 1997. The 
fracture zone represented by low-velocity materials (Fig¬ 
ure 3) associated with the boundary fault near Jabalpur 
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might have got disturbed by the fall of the water level 
in the driest period of the year and the blocking of 
natural drainage by the Bagdi dam^^ resulting in the 
crustal movement and hence the earthquake. More than 
30 earthquakes^^ in the magnitude range 3.0 and 6.5 are 
reported for the seismically active NSL. The occurrence 
of Son valley earthquake (1927) of magnitude 6.4 in 
the eastern part of the NSL cannot surprise recurrence 
of an earthquake with magnitude 5.8 near Jabalpur. The 
fracturing associated with the northern boundary fault 
(near Katangi) of the Katangi-Jabalpur horst feature 
may be a weak zone for future release of the stress 
energy. So, as a part of disaster-management programme 
it is essential to continuously monitor the seismic activity 
in the surrounding region of the horst feature, if such 
a surveillance along the entire NSL is difficult due to 
various constraints. 
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From Physics to Metaphysics. Michael 
Redhead. Press Syndicate of the Univer¬ 
sity of Cambridge, The Pitt Building, 
Trumpington Street, Cambridge CB2 IRP, 
UK. 1995. Price £9.95. 92 pp. 

In this book which is almost a verbatim 
report of the 1993 Tamer Lectures de¬ 
livered at Cambridge, Michael Redhead 
has reaffirmed objectivity of science while 
agreeing that science is fallible. He is 
opposed to the relativists, the social con¬ 
structivists and the irrationalists who 
would prefer to dilute the claim for 
objectivity of science. He is also critical 
of the half-way stands of the positivists 
and the empiricists, and argues in support 
of the realists and the rationalists, defining 
realism in a narrow way whereby the 
phenomenologists and the idealists may 
be assumed also strictly to be excluded 
from the category of realists, disregarding 
also the thesis of some that rationalisms 
of all kinds must eventually lead to 
agnosticism. 

Redhead considers key concepts from 
Einstein's special relativity theory, statis¬ 
tical mechanics and quantum mechanics 
to discount the arguments that seek to 
involve subjectivity or human conscious¬ 
ness in interpretations of these fields. 
Modem physics, he argues, may have a 
different realistic content than classical 
physics but it is realistic all the same. 
For example, there are the well-known 
difficulties associated with the ontology 
of an individual quantum system, or the 
baffling issues of the non-locality and 
measurement problems in quantum 
mechanics. Violation of Bell inequalities 
by quantum mechanics leads to interpre¬ 
tations that require that quantum mecha¬ 
nics violate local realism. In this book 
Redhead does not consider the non¬ 
locality in quantum mechanics as arising 
out of the violation of Bell inequality in 
detail. Rather, he endeavours to outline 
his arguments, adduced by himself earlier 
from the point of view of the contradiction 
known as the Kochen-Specker paradox 
which, as he shows, appears also to in¬ 
volve another kind of non-locality. This 
notwithstanding. Redhead then goes on 
to show how realism can be salvaged for 
quantum mechanics by invoking his Prin¬ 
ciple of Ontological Locality (OLOC) in 
combination with several other assump¬ 
tions such as the rule that the value of 
a function of an observable is equal to 


the function of the value of the same, 
or that it is impossible for an observable 
to have a value which has zero probability 
of being revealed by measurements, etc. 

As explained by Redhead, violation of 
OLOC effectively implies the impossi¬ 
bility of reducing wholes into parts, i.e. 
it argues in favour of a holistic world-view 
and denies micro-reductionisim. Violation 
of locality, which involves action-at-a- 
distance, is forbidden by local realism as 
envisaged by Einstein’s special theory of 
relativity. Redhead argues that the 
Kochen-S pecker contradiction can be 
thought to arise by violation of OLOC 
rather than due to an action-at-a-distance, 
thus salvaging realism while pointing to 
the inadequacy of reductionism of wholes 
into parts. 

Redhead extends the holistic argument 
further in the next chapter and shows 
how, therefore, the search for a Theory 
of Everything (TOE) is inappropriate, for 
it amounts even now, with the progress 
as it is in constructing the physics of the 
heterotic superstring, to chasing a rainbow 
which recedes from one as one tries to 
approach it closer. 

While Redhead tries, thus, to salvage 
objectivity and rationalism for science he 
also sides with those who believe that 
there may be areas where objective sci¬ 
ence may not be used, as, for example, 
in understanding certain aspects of the 
human mind. He is not alone in thinking 
this way. Brian Josephson has also argued 
that quantum mechanics may not be used 
to explain, for example, aspects of con¬ 
sciousness. On the other hand, there are 
scientists who argue that the conflict 
between science and religion is a lovers’ 
quarrel, so that as time goes on science 
and religion would eventually converge 
and overlap. These latter scientists, when 
they rely on arguments such as the strong 
cosmological principle would then face 
the criticism of philosophers like Redhead, 
who, rather than uniting science and 
religion in a common irrationalism and 
anthropocentricism, would rather combine 
the efforts of physicists and metaphysi¬ 
cists in a common complementarity 
grounded in realism. However, the final 
judgment as to the extent of scientific- 
objective rather than purely scriptural or 
subjectivist evidence for esoteric pheno¬ 
mena such as extraordinary states of 
consciousness that defy space-time 
causalities, should remain postponed until 
researches in consciousness studies have 


progressed sufficiently to delineate the 
essential truth about such claims. Such a 
state of affairs has not arrived as yet, 
for a large part of human brain, for 
example, is still an area of the unknown 
as far as objective-science is concerned. 
Redhead himself is not averse to agreeing 
that what he calls ‘fringe science’ may 
not be rejected until definite evidence 
can be shown to exist falsifying such 
claims. 

As with his earlier book Incomplete¬ 
ness, Non-locality and Realism, in this 
book, written in a rather popular vein. 
Redhead again brings to bear his quite 
original and systematic insight into issues 
related to the Philosophy of Quantum 
Mechanics, so that the presentation of 
his views is accompanied with a clarity 
of vision which is remarkable for its 
cogency as well as depth. His claim that 
he has given the rather mystical distinction 
between the late David Bohm’s ideas of 
the Implicate and Explicate orders, ‘a 
precise mathematical formulation in terms 
of the OLOC principle, and its violation’, 
rests in fact on solid grounds. 

This book is essential reading for all 
those who want to keep themselves 
abreast of progress being made in the 
metaphysics of modem science. 

M. H. H. Ansari 

Department of Physics, 

Aligarh Muslim University, 

Aligarh 202 002, India 


New journal review 


Gondwana Research. International Geo¬ 
science Journal, Vol. 1, No. 1, October 
1997. International Association for Gond¬ 
wana Research, Department of Geo¬ 
sciences, Faculty of Science, Osaka City 
University, Osaka 558, Japan, 


The name ‘Gondwana’ is of Indian origin 
and given to a system of continental 
deposits ranging from Carboniferous to 
Jurassic forming one vast conformable 
sequence. It was first recognized and 
named after the ancient Gond Kingdom 
of Central India, south of the Narmada 
river. The Gondwana System is famous 
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for its coal measures, the chief source 
of energy. Later, similar sequences were 
recognized in all the southern continents 
like, South Africa, Australia, South Amer¬ 
ica and Madagascar which led to the 
belief that all these continents originally 
formed parts of one supercontinent which 
broke and individual fragments drifted 
away to their present position. 

The name Gondwana Research given 
to the new journal under review would 
at first sight conjure a picture ot a journal 
devoted exclusively to Gondwana System 
and its coal measures. The scope of the 
journal as declared by the editors, 
however, is considerably vast extending 
to the assembly of Gondwanaland and 
its precursor megacontinents, geological 
history of continents and continental 
assemblies related to Gondwana, growth 
of the Asiatic continent by amalgamation 
of Gondwana crustal fragments, meta- 
morphism, magmatism and mineralization 
processes related to all these phenomena 
which are presently of global interest and 
form the themes of international projects. 

The editors of the new journal, Yoshida 
of Osaka University of Japan and M. 
Santosh of the Centre for Earth Science 
Studies at Trivandrum considered that the 
present is the right time for providing a 
common platform and a common media 
for the publication of results of research 
conducted by international agencies on 
the evolution of Gondwanaland. It is good 
to see that this initiative has come from 
India, the country which first initiated 
study of the rocks of the Gondwana 
system and identified an ice age at the 
commencement of the system. 

The editors envisage contributions from 
International Geoscience community cov¬ 
ering a wide spectrum of topics like 
geology, geo morphology, structure, 
petrology, geochemistry, stable isotopes, 
geochronology, economic geology, explo¬ 
ration geology, resource planning and 
evolution, geophysics and environmental 
geology. Four issues are scheduled for 
each year. The present volume is the first 


number issued in October 1997. Journal 
subscription is not mentioned but it is 
expected that it will be reasonable and 
within the means of individuals and 
institutions from developing countries. 
The editors have enlisted the support 
from a large number of earth scientists 
of international reputation to serve on 
their Advisory Committee. 

The first number starts with an article 
on Himalaya, the northern frontier of East 
Gondwanaland by K. S. Valdiya. The 
paper makes a passing reference in a few 
sentences to drainage reversal in the Late 
Eocene. The subject requires a more 
detailed treatment. Denudation chronology 
is a much neglected field. Himalaya can 
be expected to figure prominently in 
future issues of the journal. Focus should 
be on newer aspects and not a mere 
repetition of what is already known. Three 
papers deal with stmctural aspects of the 
Precambrian basement in Vietnam, 
Antarctica and Sri Lanka. Papers on 
Sandur Schist Belt (Manikyamba and 
Naqvi) and Kondapalli Layered Complex 
(Leelanandam) and a few others deal 
exclusively with Precambrian and have 
little relevance to Gondwana. They would 
be more appropriate in a journal devoted 
to Precambrian Research rather than one 
on Gondwana. Three short papers draw 
attention to granulite facies mineral 
assemblages from Kerala and Andhra 
Pradesh. The last section of 25 pages 
forms ‘Gondwana News Letter’, the 
official Newsletter of the International 
Association of Gondwana Research and 
presents short notes on items of ongoing 
research, progress reports of projects, con¬ 
ference reports and concludes with a list 
of interesting publications related to 
Gondwana research. Most papers listed 
however, deal with Precambrian geology 
and hardly any relating to Gondwana 
proper. The journal, if it has to justify 
a separate existence, should give more 
attention to the study of Gondwana stra¬ 
tigraphy, patterns of sedimentation, 
palaeo-geography, palaeo-climate and 


such other aspects which have not been 
covered by other journals. Apart from 
description of local geology, the journal 
should highlight aspects of palaeo- 
geography, faunal evolution and changing 
pattern of climate which are topics of 
global significance. The journal should 
strive to present exciting developments 
in Gondwana geology. 

Coal is the most important economic 
mineral resource of Gondwana. Yet, coal 
geology has not received any special 
attention. The new journal Gondwana 
Research should lay special emphasis on 
all aspects of the study of coal. If it 
does this, it can play a vital role in the 
economic development of the countries 
included within the Gondwana Super¬ 
continent. Journal should not merely aim 
at academic excellence but must also 
develop concern for the welfare of the 
people. A complexity of problems spe¬ 
cially relating to the shaping of environ¬ 
ment await solution. If the new journal 
concerns itself on these aspects, it will 
have performed service of some real 
value. 

Having made these suggestions, we 
must pay a deserving tribute to the editors 
for the high standard of production they 
have aimed in fashioning the new journal. 
The printing style, cover page, the quality 
of paper, excellence of illustrations, 
including those in colour, the binding 
and all these which make a good book 
are high class affording great pleasure in 
handling and in going through the inter¬ 
esting articles which have been presented 
in such fine style. 

The journal is welcome as it is sure 
to add to our knowledge, stimulate interest 
and open up new venues of investigations. 
The editors will have to exert their utmost 
to provide a long and useful life to the 
journal. 

B. P. Radhakrishna 

Geological Society of India, 

P.B. No. 1922, Gavipuram, 

Bangalore 560 019, India 
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Symmetry: An underlying 
theme in all subjects 

Symmetry is a concept which has 
universal appeal. When recognized, 
it evokes a strong emotional re¬ 
sponse. In his famous poem on the 
Tiger, William Blake is awestruck 
most of all by its fearful symmetry. 
The feeling of delight, and even up- 
liftment, is stronger when we dis¬ 
cover the role of symmetry in 
physical laws. It satisfies our 
desire for recognizing order amidst 
chaos. 

Chemists derive immense pleasure 
from the possible existence of highly 
symmetrical objects at the molecular 
scale. They are willing to take great 
pains to create these systems in the 
laboratory. Their notion of symme¬ 
try is, however, not restricted to 
molecular architecture alone. It ex¬ 
tends to 3-dimensional packing of 
atoms and molecules in crystals and 
partially-ordered assemblies. The 
role of symmetry in determining the 
presence or absence of spectral lines 
as well as their intensities has also 
been well recognized. In a more 
subtle manner, symmetry provides a 
beautiful framework for predicting 
whether certain classes of reactions 
can occur readily or not and also 
whether heat or light is the 
right choice for triggering the proc¬ 
esses. 

Interestingly, a majority of mole¬ 
cules, especially those which occur 
in nature, do not possess much 
symmetry. But the very absence of 
certain elements of symmetry has 
interesting consequences. Isomeric 
forms can be created which are non- 
superimposable. This feature of 
handedness or chirality critically 
determines biological functions. 


In this issue 


These and various other contexts 
in which symmetry is exploited by 
chemists are lucidly described by M. 
Hargittai and I. Hargittai (page 
818). The profusely-illustrated arti¬ 
cle is meant to be a general over¬ 
view of the topic and not a critical 
review of the subject for specialists. 
The authors are eminently suited for 
the task, having written a highly ac¬ 
claimed book Symmetry through the 
Eyes of a Chemist. The authors 
make an interesting comparison of 
the emphasis on symmetry in differ¬ 
ent disciplines. They argue that con¬ 
cepts like symmetry provide 
common links between different 
areas and also between the arts and 
the sciences. 


J. Chandrasekhar 


Invincible microbes 

Biology is in the midst of a major 
revolution as genome sequences of 
diverse organisms pour into comput¬ 
erized databases. A little over two 
years ago, the genome of Methano- 
coccus jannaschii was completely 
sequenced providing an unprece¬ 
dented view of protein and nucleic 
acid sequences in a remarkable or¬ 
ganism. Methanococcus jannaschii 
is an extraordinary microbe, living 
and multiplying at hot spots with 
temperatures close to 100°C at 
depths of 3 km below the ocean. The 
organism produces methane and 
belongs to a family of one-celled 
organisms called Archaea, which are 
distinctly different from Bacteria 
and the more complex Eukarya, 
leading to three main branches in 
Carl Woese’s Tree of life’. Woese’s 


recognition in 1977, that the Archaea 
constitute a new domain of life was 
slow to be accepted, but today his 
classification is central to modern mi¬ 
crobial biology (see Science, 2 May, 
1997 for a special section on Frontiers 
in Microbial Ecology). The boundaries 
between earth scientists and microbi¬ 
ologists have blurred as there is 
growing appreciation for the role of 
microorganisms in the constant proc¬ 
ess of subsurface geochemical change. 
Microbes have now been tapped from 
as far down as 2.8 km below the 
earth’s surface, providing clues to the 
subsistence of life in oxygen-free 
conditions, utilizing inorganic ele¬ 
ments like iron and manganese for 
oxidative processes that are central to 
biochemistry. 

In compelling testimony to the 
power of adaptive evolution driven 
by selective pressure, microorgan¬ 
isms have learned to survive at high 
temperatures, pressures and in 
chemically inhospitable environ¬ 
ments. These organisms and their 
constituent molecules must provide 
important clues as to the origin of 
their hardiness and chemical versa¬ 
tility. Considering the importance of 
stabilization of enzymes at high 
j temperatures in industrial processes, 
it is not surprising that there has 
been enormous recent interest on 
thermophilic organisms. Prasad and 
Sarkar review this area on page 842. 
They conclude by raising the tanta¬ 
lizing possibility of - extraterrestrial 
life under apparently extreme con¬ 
ditions, The remarkable survival 
instincts of microorganisms, refined 
over millions of years, suggest that 
it would be unwise to underestimate 
their abilities to grow and flourish in 
bizarre environments. 

P. B alar am 
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Protection of intellectual property rights 


The news item 'Bioresource and bio¬ 
technology policy for the Asian region: 
Recommendations from an international 
seminar’ by Suman Sahai {Curr. Sci,, 
1997, 73, 490-491) covers all the im¬ 
portant issues concerning bioresources 
and biotechnology. The initiative of the 
Gene Campaign - an NGO in organizing 
the meeting and creating awareness of 
the issues among the scientists and 
public is commendable. However, one 
of the recommendations of the seminar 
regarding the IPR issues reflects only 
the wishful thinking of people who still 
do not accept the realities of the post- 
GATT (General Agreement on Tariffs 
and Trade) era, and the general miscon¬ 
ceptions about the patents. This recom¬ 
mendation states that ‘patent laws 
should be revised, where necessary, to 
prohibit patenting of any living form 
(micro-organisms, plants or animals) or 
any product made directly by or from 
living form. This provision would thus 
prohibit the patenting of any genetically 
engineered life-form, or a product such 
as azadirachtin derived from neem’. As 
is well known, India, along with over 
100 nations, signed the GATT on 15 
April 1994 at Marrakesh. Trade-Related 
Intellectual Property Rights (TRIPS) is 
a part of the overall agreement. As a 
signatory to the GATT, the country has 
to accept the TRIPS. In this context. 
Article 27 of the TRIPS which deals 
with Patentable Subject Matter is repro¬ 
duced in Box 1 from the original docu¬ 
ment' for information. 

A transitional period of ten years has 
been provided to implement the neces¬ 


sary changes in the national patent laws. 
Certain minimal changes in the patent 
rules were to be implemented before 31 
December 1994. The Government is¬ 
sued a Presidential Ordinance on 31 
December 1994 amending the patent 
rules to satisfy the World Trade Organi¬ 
zation (WTO) requirements. However, 
the Parliament referred it to a Select 
Committee. The latter also could not 
find an acceptable solution. There is 
also a Parliamentary Forum on IPR is¬ 
sues. Subsequently, an Expert Commit¬ 
tee headed by C. N. R. Rao has been 
constituted to evolve a national consen¬ 
sus. The act for the protection of crop 
varieties has also been extensively dis¬ 
cussed at different levels but it is yet to 
be brought before the Parliament. 
Meanwhile, the US has moved the Dis¬ 
pute Settlement Panel of the WTO over 
the patents rules in India. Hopefully, 
amicable solutions to the problems will 
be found. 

A strong IPR protection by means of 
patents is essential for ethical and 
healthy development of biotechnology, 
particularly the applications of recom- 
binant-DNA techniques (genetic engi¬ 
neering) in areas of health, agriculture 
and environment. In agriculture, the 
genetic improvement of crop plants is 
extremely important as a very large 
number of farmers and consumers 
benefit from new crop varieties. It 
would encourage inventiveness, devel¬ 
opment of useful products and attract 
private investment in R&D. Similarly, 
protection of Plant Breeder’s Rights 
under the Crop Variety Protection Sys- 
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tern would permit import and develop¬ 
ment of more productive crop varieties. 
Opportunities for the seed industry as 
well as the publicly-funded research 
organizations would expand both in the 
domestic and international market. In 
the short term, farmers can have imme¬ 
diate gains through the import, multipli¬ 
cation and sale of protected varieties of 
self-pollinated species by the seed in¬ 
dustry. In absence of any legal protec¬ 
tion, so far, private seed industry has 
restricted its business activities mainly 
to the hybrids of cross-pollinated spe¬ 
cies, vegetables and ornamentals. Paren¬ 
tal stocks used for producing the hybrid 
seed remain with the company. Many 
multi-national companies are interested, 
as a business, to sell agronomically 
useful gene constructs, genetically engi¬ 
neered crops, developed abroad, or to 
transfer their transgenic traits into the 
local improved cultivars, provided they 
can be assured of returns on their in¬ 
vestment. Some Indian seed companies 
are also investing in transgenic re¬ 
search. In the 1960s, semi-dwarf rice 
and wheat seeds that ushered the green 
revolution were made available without 
paying any royalties. That was thirty 
years back, and the world has changed. 
At present, useful breeding materials are 
available free only from the research 
institutes of the Consultative Group of 
International Agricultural Research. In 
the changed world scenario, the devel¬ 
opment of seeds and other planting ma¬ 
terial in advanced countries has moved 
from public to private domain. In pri¬ 
vate sector, research funds are strictly 
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Box 1. Section 5: Patents 
Article 27 

Patentable subject matter 

1. Subject to the provisions of paragraph 2 and 3 below, patents shall be available for any inventions, whether pro¬ 
ducts or processes, in all field of technology, provided that they are new, involve an inventive step and are capable 
of industrial app!ication^ Subject to paragraph 4 of Article 65, paragraph 8 of Article 70 and paragraph 3 of this ar¬ 
ticle, patents shall be available and patent rights enjoyable without discrimination as to the place of invention, the 
field of technology and whether products are imported or locally produced. 

2. Members may exclude from patentability inventions, the prevention within their territory of the commercial exploita¬ 
tion of which is necessary to protect ordere public or morality, including to protect human, animal or plant life or 
health or to avoid serious prejudice to the environment, provided that such exclusion is not made merely because 
the exploitation is prohibited by domestic law. 

3. Members may also exclude from patentability: 

(a) diagnostic, therapeutic and surgical methods for the treatment of humans or animals; 

(b) plants and animals other than microorganisms, and essentially biological processes for the production of 
plants or animals other than non-biological and microbiological processes. However, members shall provide for 
the protection of plant varieties either by patents or by an effective sui generis system or by any combination 
thereof. The provision of this sub-paragraph shall be reviewed four years after the entry into force of the 
Agreement Establishing the MTO. 


looked as an investment, with expecta¬ 
tions of monetary returns. Internation¬ 
ally, very few new technologies would 
be available free of cost, in future. The 
scientific community in the country 
should accept this as an opportunity to 
create wealth from innovative R&D for 
the nation, their employers and for 
themselves. However, this would need 
radical changes in the mind set of the 
researchers, management and funding of 
R&D and promotion norms. 

The rich genetic resources are useful 
only if they can be exploited to create 
wealth. Their exploitation also needs 
other resources - trained man/woman 
power, adequate infrastructure, mana¬ 


gerial skills, ability to innovate, take 
risks and market the new products. If we 
ourselves cannot exploit the genetic 
resources fully, we should share them 
with those who have the technologies 
on mutually beneficial terms, safeguard¬ 
ing our interests. 

Prohibiting patents in biotechnology 
would kill all the initiatives of a small 
number of innovative scientists, willing 
to spend their time towards developing 
‘marketable’ products. It would also 
deprive the country from the benefits of 
the new products and processes devel¬ 
oped elsewhere, at least, for the period 
till the expiry of their patents which 
could be 15-20 years. Innovations in 


biotechnology should be rewarded as in 
other disciplines. 

1. From Agreement on TRIPS. Final act 
embodying the results of the Uruguay 
round of multilateral trade negotiations, 
GATT Secretariat (UR-93-0246). 

2. For the purpose of this Article, the terms 
‘inventive step’ and ‘capable of indus¬ 
trial application’ may he deemed by a 
Member to be synonymous with the terms 
‘non-obvious’ and ‘useful’ respectively. 


C. R. BhaTIA 

17, Rohini, Sector 9~A, 

Vashi, New Mumbai 400 703, India 


Agriculture in Loktak Lake, Manipur - What fate Sangai? 


In ‘Agriculture in floating fields on 
Loktak Lake, Manipur’ (O. K. Singh, 
Curr, Sci., 1997, 72, 902-903), the 
author has not mentioned anything 
about its likely impact on the single, 
small, wild population of around 70 
Sangai (Manipur brow-antlered deer, 
Cervus eldi eldi), one of the most en¬ 
dangered mammals in the world, in¬ 
habiting a part of Loktak Lake (Zoo 
Outreach Organization, Coimbatore). 

The author seems appreciative of such 
cultivation and calls for technology and 


efforts to cultivate inundated places and 
water surfaces further. That will destory 
wild areas, wildlife and biodiversity 
further (as happened in Terai grasslands 
and mangroves). While there are only 
around 170 Sangai (including a total 
zoo population of around 90-100) in the 
entire world, should we still pamper 
humans numbering more than 500 crores 
globally? While 96-97% of India’s land 
and resources are being used by people, 
the meagre 3-4% kept for wildlife are also 
under pressure. A nation and a people who 


cannot live with 96-97% of land and re¬ 
sources, what more will they gain by 
usurping the additional 3-4% (H. S. 
Panwar, pers. commun.)? Why such war 
of ‘no victors but definite losers 
(wildlife and biodiversity)’? 

Rice was being cultivated in parts of 
Loktak Lake even around 1960 (7. 
Bombay Nat. Hist. Soc., I960, 57, 597- 
617). It is not mentioned whether more 
area was cultivated subsequently. Per¬ 
haps due to several deterrents to human 
use, Sangai could get a habitat there. 
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But if cultivation is extended further, 
what may happen to Sangai in future? 

The author recommends extending 
such cultivation for better economy. But 
that is not without problems. The solu¬ 
tion to India’s food and economic 
problems is not increasing cultivation 


and technology, but efforts on a war¬ 
footing for immediate control and grad¬ 
ual reduction of human population and 
equitable distribution of resources. 
Enough of war on nature. We should 
restrict our own numbers and lifestyle 
so as to live sustainably by milking only 


milk and not blood too from the cow 
called nature. 

Shridhar D. Bhat 

Forestry College, 

Banavasi Road, 

Sirsi 581 401, India 


NEWS 


SIRO numbers swell: 519 and counting 


The number of non-commercial Scien¬ 
tific & Industrial Research Organiza¬ 
tions (SlROs) in the country has swelled 
to 519. The Department of Scientific 
and Industrial Research (DSIR)’s Sep¬ 
tember 1997 Directory of Recognized 
SIROs lists 37 SIROs in agricultural 
sciences, 159 in medical sciences, 188 
in natural and applied sciences, 113 in 
social sciences, and 22 universi- 
ties/colleges. Covered in this latest Di¬ 
rectory are: (a) Associations, i.e, 
societies registered under the Societies 
Registration Act, 1860 or any such Act 


passed by the State Government, with 
the objective of conducting scientific 
and/or industrial research; (b) R&D 
Companies incorporated under section 
25 of the Companies Act, 1956 and 
setup for engaging in R&D activities; 
(c) Institutions with adequate facilities 
to conduct scientific and/or industrial 
research and whose main objective is 
the conduct of scientific and/or indus¬ 
trial research; (d) Professional bodies 
whose objective is the conduct of sci¬ 
entific and/or industrial research; (e) 
Universities established or incorporated 


by/or under a Central or State Act and 
including institutions declared under 
section 3 of the University Grants 
Commission Act, (1956) and (0 Col¬ 
leges, affiliated to universities, that 
carry-out scientific research in specific 
disciplines. 

DSIR is the nodal government de¬ 
partment for granting recognition to 
SIROs. Such recognition entitles SIROs 
to tax benefits under Section 
35(l)(ii)(iii) of the Income Tax Act, 
1961 and also Customs Duty exemption 
and waiver of Excise Duty. 


The different locked 
protein unlocked 

S. K. Sikdar 

Allosteric proteins (‘alio’ - meaning 
other) are proteins that have specific 
sites to which physiologically important 
molecules or ligands bind to regulate 
the activity of the protein, and these 
sites are different from the sites in¬ 
volved in catalytic activity. A ligand 
bindsTo a particular conformation of the 
protein and not to others. When a pro¬ 
tein is a complex of subunits, and the 
subunits occur in clusters, with each 
subunit having a ligand-binding site, 
cooperative changes occur within the 
protein molecule in a complex fashion, 


states of an allosteric 


such that binding of the first ligand 
makes the binding of the second ligand 
easier. One such protein is the oxygen¬ 
carrying haemoglobin and is used in text 
books of biophysical chemistry to ex¬ 
plain how interaction of the protein with 
many ligands modulates its activity. 
An important theoretical model to ex¬ 
plain how an allosteric protein 
like haemoglobin is regulated, 
is the MONOD-WYMAN-CHANGEUX 
(MWC) model^ In this model, a protein 
is considered to consist of n identical 
and independent protomers (in the 
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membrane channel 


original terminology), a protomer being 
a structural unit (subunit) which has a 
binding site for the ligand. A protomer 
can exist in two reversibly equilibrating 
conformational states, a ligand bound 
and an unbound state. The activity of 
the protein occurs due to concerted 
conformational changes in the protom¬ 
ers, and helps to explain the hyperbolic 
saturation curve for binding of a ligand 
to identical and independent binding 
sites on the protein. The MWC model 
does have limitations, however, and 
cannot fully explain all the experimental 
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data.. An alternative model to explain 
the function of allosteric proteins is the 
sequential model of Koshland and his 
colleagues^, which suggests that binding 
of the ligand produces change in the 
structure of the protein sequentially, and 
transition from a non-functional to a 
fully functional protein occurs through a 
series of intermediate conformational 
states. If we consider a protein with 4 
subunits, binding of the ligand would 
cause a reversible conformational 
change in one subunit, the second li¬ 
gand would next cause a conformational 
change in the second subunit, and when 
all the subunits are ligand bound, the 
protein is fully functional. The model 
accommodates a wide variety of binding 
behaviour. A more general scheme has 
also been proposed*^, and for a 4-subunit 
protein, the scheme predicts 25 inter¬ 
mediate forms of the protein'. The inter¬ 
mediate conformational forms predicted 
by the MWC model and the sequential 
model of Koshland are accommodated 
in this scheme. 

Experimental identification of the in¬ 
termediate forms where the protein is in 
different structural and thereby func¬ 
tional states has eluded both structural 
biologists and biophysical chemists. The 
problem is simply related to the way the 
protein is treated - an ensemble of 
molecules such as in a test-tube where 
individual protein molecules can exist 
in different conformational forms, and it 
is difficult to capture the protein at dif¬ 
ferent time frames in the scale at which 
ligand binding and the conformational 
change in the individual subunit occurs. 

Allosteric proteins also occur in cell 
membranes and have been occupying a 
lot of interest, but the people who look 
at these proteins are electrophysiolo¬ 
gists - people interested in interpreting 
protein function by monitoring currents 
that are carried by the ions that are 
transported through ion channel pro¬ 
teins sitting in membranes. By monitor¬ 
ing the current flow through a single 
protein molecule in the membrane, the 
recent work of Ruiz and Karpen"^ re¬ 
ported in Nature, seems to indicate that 
they have indeed been able to success¬ 
fully capture the intermediate functional 
forms of the protein which has eluded 
people working with a molecule like 
haemoglobin for decades. Their work is 
on the CNG (cyclic nucleotide gated) 
ion channels expressed in xenopus oo¬ 


cyte. This channel protein transduces 
sensory information such as light, odour 
and taste into electrical signals. In order 
to convert sensory input to an electrical 
signal, the channel protein must open. 
An allosteric mechanism has to be in¬ 
herently built in the protein if it were to 
discriminate the different gradations in 
sensory information. Here, the function 
of the protein is similar to haemoglobin 
which has to detect different partial 
pressures of oxygen, such that the mole¬ 
cule functions differently in the planes 
than at an altitude. 

The CNG channel protein is a te- 
tramer*’ consisting of 4 identical and 
independent subunits, and if we con¬ 
sider ligand binding to each of these, 
using the models described, it should be 
possible to see the intermediate forms of 
the protein in different functional states. 
If the protein contains 4 identical 
subunits, with identical binding sites, 
there can be different possibilities, since 
each subunit can be in two states, 
‘closed’ or ‘open’, the transition from 
the closed to the open state being 
brought about by cGMP. The channel 
opens when all the 4 subunits are in the 
open state. The transitions from the 
closed ‘non-conducting’ state of the 
channel protein with 4 subunits to the 
fully conducting state is illustrated 
schematically in Figure lA. When the 
level of cGMP increases to saturating 
levels, the channel opens in a 
‘cooperative fashion’, and the sugges¬ 
tion for this has come from a sigmoid¬ 
shaped activation curve. 

To see the interrnediate forms of the 
protein in different functional states, it 
is important to monitor the activity of a 
single protein molecule. This is achiev¬ 
able using the inside-out configuration 
of the patch-clamp recording technique, 
a technique, which has brought a revo¬ 
lution in the way single living cells and 
their functioning are probed^, and the 
resolution allows one to observe the 
intermediate functional steps which 
manifest as sub-conductance states 
leading to complete channel opening. 
The second important requirement is 
that one should be able to create par¬ 
tially ligand bound channels. This they 
have achieved by using the photo¬ 
affinity analogue of cGMP, viz. 8-p- 
azidophenacylthio-cGMP (APT-cGMP). 
The cGMP can be covalently and 
thereby permanently tethered to the 


intracellular face of the channel protein 
facing the bath solution containing 
APT-cGMP, by exposure to UV light’. 
With the ligand attached covalently, 
maximal activation of the channel 
should require lower concentrations of 
free cGMP, and this should be reflected 
in the dose-response curve. The slope of 
the dose-response curve should become 
shallower (lower Hill coefficient), since 
the unoccupied binding sites are re¬ 
duced, compared to control with no 
covalently bound cGMP. This is shown 
schematically in Figure \B. With APT- 
cGMP in the bath solution, the number 
of UV exposures was increased from a 
single to multiple exposures as shown 
schematically in Figure lA, and a dose- 
response curve in the presence of free 
cGMP in the bath solution done. The 
dose-response done in the presence of 
free cGMP following a fixed number of 
exposures, 1, 2, 3, or 4 clustered into 4 
distinct and discrete groups consisting 
of control and 3 different shifts in the 
activation to lower concentrations of 
cGMP with increase in the number of 
UV exposures. The dose-response curve 
was fit to a Hill equation, and shifts in 
the Hill coefficient (from 2.9 for control 
which shifted to 1.9, 1.4 and 1.1 with 
increase in the number of UV expo¬ 
sures) were taken as evidence for cova¬ 
lent attachment of cGMP as indicated in 
Figure lA. The Hill equation was ini¬ 
tially derived for an ideal case of com¬ 
pletely cooperative binding at n sites. 
Completely cooperative binding implies 
that the 4th binding site for a 4 subunit 
CNG channel, would have no affinity 
for cGMP until all the other 3 binding 
sites are filled. Hill plots, are used by 
biochemists to plot experimental data 
for systems in which the cooperativity is 
incomplete. Thus, the experimentally 
determined slope of the Hill plot (/ZHin) 
is usually less than n, the number of 
binding sites. The non-integral values of 
the Hill coefficient reported by Ruiz and 
Karpen"^ are therefore not very surpris¬ 
ing. 

It is tempting to imagine that a single 
cGMP occupied channel might represent 
a conformation similar to that in Figure 
\A(b), while a channel with 3 cGMP 
bound may represent a conformation 
shown in Figure \A(d), and this would 
result in sub-conductance states shown 
schematically in Figure 1C, n = \ and 
n = 3 respectively. At saturating 
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Figure 1. 4, An allosteric scheme for covalent binding of cGMP to CNG (cyclic nu¬ 
cleotide gated) ion channel. A single CNG protein molecule has 4 subunits in unii- 
ganded state (squares) which switch from a ‘closed’ or non-conducting, to an open 
or conducting state (circles), when cGMP is covalently bound following UV exposure 
of APT-cGMP (see text). The number of cGMP molecules covalently bound to the 
protein can be increased by increasing the number of UV-exposures (a to d). B, 
Predicted shift in the dose-response curve and thereby the Hill-coefficient following 
UV exposure of APT-cGMP in the presence of free cGMP in the bath solution facing 
the intracellular side of the channel. If a channel is in the conformation shown sche¬ 
matically in '\A(d) for instance, with 3cGMP covalently bound to 3 subunits, then only 
1 free cGMP molecule can bind to the channel protein, thereby causing a discrete 
leftward shift in the dose-response curve, is a measure of spontaneous activity 
(mean current/saturating current at saturating concentration of cGMP). C, The differ¬ 
ent electrophysiologically observed conductance states with different numbers of 
cGMP molecules (n= 1, 2, 3, 4) bound to a single channel protein. A conformational 
state shown in 1/4(c) with 2cGMP molecules covalently bound, for instance would re¬ 
sult In the subconductance state (n = 2), while a channel with all subunits covalently 
linked to cGMP would result In the highest conductance state (n = 4). The subcon¬ 
ductance states occur because the transport of ions through the pore is restricted 
when all the subunits have not undergone the conformational switch shown in 14. 


concentrations of cGMP, the channel 
mainly showed the full conductance 
state, while at sub-saturating concentra¬ 
tions of cGMP when the channel is not 
fully open, sub-conductance states were 
observed in single CNG channel record¬ 
ings. How realistic are the imaginary 
intermediate conformational forms, and 
can a change in a single subunit from 
‘closed’ to ‘open’ conformation really 
cause a decrease in ionic permeability 
which is manifested as sub-conductance 
states shown schematically in Figure 
1C, by restricting the pore size? Careful 
experiments performed by Goulding et 
at} have shown that CNG channels 


which transduce visual and olfactory 
impulses have pore diameters as large as 
5.9 A and 6.4 A respectively, while the 
crystal radii of cations which are trans¬ 
ported through the channel pore are 
much smaller, the crystal radii of Na*^, 
K"*" and Ca'^'*' ions being 0.98, 1.33 and 
0.99 respectively. 

While substates or subconductance 
states at low subsaturating concen¬ 
trations of free cGMP have been pro¬ 
posed to be due to partial liganded 
channels by Taylor and Baylor'A the 
evidence for this has indeed come from 
the elegant experiments of Ruiz and 
Karpen"^. 


The functional signature of the chan¬ 
nel protein in the different covalently 
linked ligand bound states was obtained 
by analysing how the channel opens 
with the cGMP covalently tethered to 
the channel protein with either a single 
cGMP bound or with 2, 3 or 4 cGMP 
molecules bound to the corresponding 
number of subunits. The studies were 
done with free cGMP absent in the bath 
solution but with UV exposure of APT- 
cGMP. Probability density histograms 
of the amplitude of current events which 
is a reflection of the time spent in each 
current level were made. While a single 
ligand bound channel opened with a 
very low probability (9.6 x 10“^’), chan¬ 
nel with 2 and 3 cGMP molecules 
bound showed open probability of 
0.0097 and 0.33 respectively, while a 
channel with fully occupied cGMP 
showed open probability of 1. A fully 
ligand bound channel showed openings 
favouring the maximal conductance 
state, while triply liganded channels 
showed highest probability of opening 
to the subconductance states. A singly 
or doubly bound CNG channel showed 
negligible subconductance states. This 
provides information about how the 
channel might actually function as a 
switch. If the channel showed subcon¬ 
ductance states with 1 or 2 cGMP mole¬ 
cules, it would indicate that the channel 
functions as a slow switch. The situation 
is akin to lighting an electric bulb by 
switching , the voltage from 0 to 220 
volts using a fast switch almost instan¬ 
taneously and increasing the voltage 
using a rheostat. The CNG channel 
functions like a fast switch, such that 
when 3 cGMP molecules are bound, the 
channel opens partially while when 4 
cGMP molecules are bound, the 
channel opens completely, the activa¬ 
tion of the channel being controlled 
by a threshold concentration of cGMP. 
How does the sensory cell then 
sense gradations in sensory stimulus 
such as light and smell, a dim light 
versus an intense bright light tor 
example? This is probably brought 
about by controlling how many CNG 
channels are switched on, since each 
sensory cell would have a fixed number 
of CNG channels in its plasma 
membrane, and the number of cGMP 
molecules inside the cell is what is at- 
fected by the intensty of the sensory 
stimulus. 
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Electrophysiologists have, in general 
been a poorly understood lot, and their 
contribution to biological understanding 
apart from how electrical impulses 
propagate in living systems, have not 
been taken with seriousness. It is indeed 
very heartening to note that the very 
probing and kissing of cells with glass 
capillaries with tiny tips filled with 
ionic salt solutions, connected to com- 
plicated electronic gadgetry, is provid¬ 
ing important clues to classical 
biochemists and biophysical chemists 
how a protein like haemoglobin might 
actually function at the single molecular 
level as has been demonstrated by the 
elegant experiments of Ruiz and Kar- 
pen'^ Further, the experiments also go to 
show that while theoretical modelling of 
protein behaviour of the kind suggested 
by the MWC cooperative model or the 


sequential model of Koshland provide 
insights and the required lead, a well 
conceived and carefully-performed ex¬ 
periment does provide the evidence and 
helps identify the right model that ac¬ 
tually operates in a particular biological 
system. The evidence provided by 
Ruiz and Karpen'* seems to indicate 
that the intermediates in the activa¬ 
tion pathway of the CNG channels are 
more akin to the ‘Koshland intermedi¬ 
ates’^. 
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SCIENTIFIC CORRESPONDENCE 

Nitrogenase activity in novel vesicles of Frankia 


For inoculation of actinorhizal plants, 
frankial fragments are added around the 
roots of these seedlings. About 40% of 
Frankia added as inoculum cause root 
hair deformations in Alnus nepalensis 
Don. and this is generally followed by 
the formation of root nodules. It is not 
understood what happens to Frankia 
that is in the vicinity of root hairs but is 
unable to infect them. This work with 
one endophyte demonstrates that these 
rhizospheric Frankia form vanadium 
nitrogenase in novel structures and opt 
for a non-symbiotic mode of survival. 

Seeds of A. nepalensis were surface 
sterilized, germinated and transferred to 
sterile vials. These vials contained a 
sterile filter paper placed on a sterilized 
glass microslide. The filter paper was 
moistened with Hoagland^ nutrient so¬ 
lution and seedlings placed over the 
filter paper. Seedlings were then main¬ 
tained at 21--24°C and with a photope¬ 
riod of 16/8 hours day/night. Each vial 
was given one ml of N-free Hoagland 
solution once a week. Two-week-old 
seedlings were inoculated with a small 
volume (300 ftl) of homogenized 
AnpCh57. This strain had been 


isolated from root nodules of A. nep¬ 
alensis growing around Cherrapunji 
(Meghalaya, India) and cultures grown 
in defined propionate medium^ (DPM) 
for two weeks before inoculation. 

Ten days after inoculation, seedlings 
along with filter paper were taken out of 
vials and observed. On the growing root 
hairs and in close vicinity to them were 
hyphae of AnpCh57 bearing roundish 
structures (Figure 1 a). These structures 
continued to enlarge and on day 15 
reached a maximum diameter of 
2.8 ±0.4 pm. At this stage the hyphae 
bearing these structures also started to 
lyse (Figure 1 b). It is possible that 
since the vials contain only Hoagland 
nutrient solution and root exudates, it is 
unable to support growth of AnpCh57. 
AnpCh57 requires a complex medium 
like Qmod^ for its optimal growth. It 
should be added here that hyphae and 
ball-shaped structures were not con¬ 
taminants as assessed by routine tech¬ 
niques for identifying Frankia. 

When these ball-shaped structures 
along with hyphae were transferred to 
Qmod or DPM, before onset of degen¬ 
eration, hyphae started producing nor¬ 


mal spherical vesicles. Ball-shaped 
structures were formed only in DPM 
lacking molybdenum and containing 
vanadium. However, the ultrastructure 
of these ball-shaped structures was 
similar to that of spherical vesicles. 

Nitrogenase activity was measured 
with AnpCh57 bearing ball-shaped 
structures immediately after subculture 
in DPM and Qmod. These cultures were 
not effective in fixing atmospheric ni¬ 
trogen. However, when molybdenum 
was deleted from DPM and supple¬ 
mented with vanadium, nitrogenase 
activity was observed (Table 1). Thus 
this nitrogenase is hot active in the 
presence of molybdenum or the genes of 
nitrogenase complex are regulated by an 
unknown mechanism. As seen from the 
table, vanadium nitrogenase is less ef¬ 
ficient than molybdenum nitrogenase at 
28°C. Similar results have been ob¬ 
tained with vanadium nitrogenase of 
other nitrogen-fixing bacteria and ex¬ 
plained to be due to only 50% of elec¬ 
tron flux going to the formation of NH 3 
(ref. 4). 

Cultures of AnpCh57 were then 
transferred to sterile sand/soil. Obse- 
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Figure 1. a. Scanning electron micrograph of AnpCh57 showing hyphae and immature 
ball-shaped vesicle; b. View of ball-shaped vesicles and lysed hyphae of AnpCh57. Bar: 
10 p-m. 


Table 1. Vanadium nitrogenase activity of AnpCh57 


rvation of these colonies under microscope 
and soft X-rays showed the presence of 
spherical vesicles after day 30 and both 
spherical and ball-shaped vesicles after day 
45. This and earlier results demonstrate 
that both vesicles are produced at different 
times. Thus it could be hypothesized that 
AnpCh57 produces vanadium nitrogenase 
during molybdenum deficiency. Vanadium 
nitrogenase though less efficient at 28°C, 
would be advantageous since vanadium is 
less limiting under natural conditions'^. It is 
also possible that vanadium nitrogenase is 
best suited for low temperatures. Thus 
diverse Frankia may expand physiological 
range of nitrogen fixation by these multi¬ 
ple enzymes. 
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Days of growth in DPM* 
containing 50 nM vanadium 


C 2 H 2 reduced/mg fr wt/h 
5"C 28‘’C 


10 4.59 ± 0.4 2.01 ± 0.3 

15 6.30 + 0.5 3.42 + 0,2 

20 6.20 + 0.4 3.46 + 0.2 

'^Na 2 Mo 04 was deleted from DPM. 

Note: Acetylene reduction activity of spherical vesicles after 15 days at 28°C in DPM con¬ 
taining molybdenum was 6.0 ± 0.3. 
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Sacred grove relics as bird refugia 


Sacred groves are patches of natural 
vegetation dedicated to certain local 
deities, from which no harvesting of 
living matter is permitted by the local 
communities. Ecologists currently rec¬ 
ognize these sacred groves (SG) as a 
unique cultural institution for conserv¬ 
ing local biodiversity^ Numerous sa¬ 
cred groves are among the last 
representatives of climax vegetation in 
the Western Ghats and North East India, 
whereas SGs in other parts of the coun¬ 
try have dwindled due to colonial land 
use policies’*^ and erosion of traditional 
values regarding natural resource use. 
Nevertheless, hundreds of relics of SGs 


exist in the tribal tracts of eastern India, 
and much of the tribal cultural life in 
West Bengal has been reported to be 
still centred around these relics’l 

The observations we report here are a 
fallout of an ethnobiological survey we 
conducted from early April to end-June, 
1996 in Jamboni, Jhargram, Gidhni, 
Belpahari and Banspahari Forest Ranges 
of western Midnapore district. In con¬ 
formity with our previous study^, we 
found remnants of SG in almost every 
tribal village in the region. Most of 
these groves, locally called Jahiristhan, 
are relics of ancient SGs, containing 
10-20 trees, amidst a denuded lateritic 


expanse. The tree species mostly found 
in these relics include sal (Shorea ro- 
husta), asan (Terminalia tomentosa), 
karam {Adina cordifolia), banyan (Ficus 
bengalensis), aswath (F. religiosd), 
pial (Buchan ania lanzan), piya-sal 
(Pterocarpus tnarsupium), neem 
(Azadirachta indica), and mahua 
(Bassia latifolia). All these species are 
also found in sal forests, albeit mostly 
in reproductiveiy immature stages. 

The sal coppice forest patches in the 
region under study are highly degraded, 
and are now regenerating under com¬ 
munity protection by villagers’ Forest 
Protection Committees over the past 
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Table 1. Habitat preference of birds in West Midnapore 


Taxa 

Common Sal 

name forest 

Sacred 

grove 

Settlement 

area* 

Apodiformes 

Apus affinis 

House swift 

+ 

- 

+ 

Cyp si Liras parvus 

Palm swift 

+ 

- 

+ 

Caprimulgiformes 

Capri mu Igus asiaticus 

Common Indian nightjar 

+ 

- 

- 

Coin mbi formes 

Columba livia 

Blue rock pigeon 

- 

-H 

4- 

St re p top el i a ch in en sis 

Spotted dove 

-H 

+ 

4" 

S. decaocto 

Ring dove' 

+ 

+ 

- 

Tre ra n p h a e n i c op te ra 

Yellow legged green pigeon 


-t- 

- 

Coraciformese 

Ceryle rudis 

Pied kingfisher 

- 

+ 

+ 

Coracius ben^^licilensis 

Indian roller 

+ 

- 

4- 

Halcyon smyrnensis 

Whitebreasted kingfisher 

- 

+ 

4* 

Up up a epops 

Hoopoe 

+ 

- 

- 

Cuculiformes 

Centropus sinensis 

Crow pheasant 


- 

- 

Cuculus varius 

Common hawk cuckoo 

-f- 

+ 

- 

Eudynarnys scolopacea 

Koel 

- 

-1- 

-t- 

Falconiformes 

Milvus mi grans 

Pariah kite 

+ 

- 

4- 

Gyps bengalensis 

Indian white-backed vulture 

+ 

- 

4- 

Galliformes 

Fran co 1 inti s pon dice rian us 

Grey patridge 

+ 

- 

- 

F. francolintis 

Black partridge 

+ 

- 


Gruiformes 

Turnix siisciator 

Common bustard quail 

+ 

“ 

- 

Passeriformes 

Acridotheres tristis 

Indian myna 



4- 

A. fus CHS 

Jungle myna 

+ 

+ 

- 

Anthus novaeseelandiae 

Paddyfield pipit 

+ 

- 

4- 

Cisticola juncidis 

Streaked fantail warbler 

+ 

- 

4- 

Copsychus saiilaris 

Magpie robin 

- 

+ 

■4 

Corvus splendens 

Common crow 

+ 

- 

+ 

C. macrorhynchos 

Jungle crow 

+ 

- 

- 

Dendrocitta vagabundci 

Indian tree pie 

+ 


- 

Dicnirus adsimilis 

Black drongo 

+ 

- 

4- 

Nectarinia zeylonica 

Purple rumped sunbird 

- 


- 

Oriolous xanthorniis 

Black headed oriole 

- 

+ 

4- 

Orthotomus sutorius 

Tailor bird 

- 

-H 

+ 

Passer domesticus 

House sparrow 

- 


+ 

Ploceus philippiniis 

Weaver bird 

- 

+ 

+ 

Pycnonotiis cafer 

Red-vented bulbul 

- 

-1- 

4- 

Sturnus contra 

Pied myna 

- 

+ 

+ 

Turdoides striatus 

Jungle babbler 

+ 

- 

- 

Strigiformes 

Athena brama 

Spotted owlet 

- 

4- 

+ 

Tyto alba 

Barn owl 

- 

+ 

4 

Piciformes 

Dinopium benghalensis 

Lesser goldenbacked 
woodpecker 

+ 



Megalaima haeinacephala 

Coppersmith 

- 

-h 

- 

Psittaciformes 

Psittacula krameri 

Rose-ringed parakeet 

- 

+ 

4 

P. eupatria 

Large Indian parakeet 

“ 

+ 

- 


^includes farm fields, 
+ = Sighted. 


8-10 years'^’*\ The average crop height 
of the sal coppice stands is ca. 9 m, with 
GBH < 30 cm. However, the forest of 
Belpahari range is composed of a large 
population of old trees, with an average 
crop height of ca. 16 m, and GBH of 
30-56 cm. 

Although most of the SGs are com¬ 
posed of a score of old trees, the Kanak 
Durga temple grove at Chilkigarh is 
considerably large (ca. 20 acres), within 
the premises of the royal estate of 
Chilkigarh. This grove contains a large 
floral diversity, and is characterized by 
old-growth trees, lianas and lichens. 
The canopy cover of this grove is at 
least as good as that of the Belpahari 
forest. 

The survey produced, inter alia, an 
inventory of local birds based on direct 
sighting records, for which we spent an 
average of 3 days in each of the five 
ranges during the period 2 April-30 
June, 1996, and the duration of sighting 
effort was from 9 am till 4.30 pm each 
day. We have also incorporated here the 
records of bird sightings separately 
made in June-July 1995 in the same 
area. Although a number of waterfowl 
(e.g. pond heron, little cormorant, red 
wattled lapwing, stone curlew, little 
egret, cattle egret, white-breasted water- 
hen, etc.) and migratory land birds (e.g. 
brown shrike) were recorded, we con¬ 
fine our discussion here to the resident 
land birds alone. A total of 42 species of 
resident land birds occur in the region 
studied. The birds were sighted in the 
sal forests, SGs, farm fields and vegeta¬ 
tions in the settlements (Table 1). Since 
the original objective of the survey did 
not concern primarily with avian di¬ 
versity estimation in SGs, the records of 
bird occurrences are inadequate for sta¬ 
tistical quantification and generaliza¬ 
tions. Nevertheless, the data’ presented 
here may serve to indicate the apparent 
habitat preference of the birds with 
some overlaps. Table 1 shows that 22 
land birds are found in the SGs, four of 
which are occasionally also sighted in 
the sal forest. The spotted dove was the 
only species that was found in all the 
three kinds of habitats. Ten species of 
birds were found only in sal forests and 
another 9 in both the sal forest and the 
settlement area, but not in SGs. A total 
of 19 birds were recorded to occur out¬ 
side the sal forests; of these, 14 were 
found in SGs and human habitations, 
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and at least four species (yellow-legged 
green pigeon, purple rumped sunbird, 
coppersmith and large Indian parakeet) 
were found only in the SGs. The house 
sparrow was found only in the human 
settlement area. 

It seems plausible that the unavail¬ 
ability of sufficient quantum of fruits 
and the poor canopy structure in the 
regenerating sal forests fail to provide 
attractive foraging and nesting habitats 
for the birds occurring outside the 
sal forest. However, the Belpahari 
and Banspahari forests contain a 
good proportion of mature trees with 
well-developed canopy, yet only 3 
out of the 21 birds recorded from 
SGs were sighted in these forests. 
The socio-religious girdle of taboos 
around the SGs prohibiting trapping 
and hunting of animals, seems to be the 
only explanation for the 18 birds occur¬ 
ring in the SGs, and not in the sal for¬ 
ests. 

An important support to our conjec¬ 
ture that habitat protection is the pri¬ 
mary reason for the bird’s preference of 
the SGs, was lent by the local tribal 
hunters reporting that many birds that 
are hunted for meat (e.g. magpie robin, 
coppersmith, orioles, mynas and para¬ 
keets) tend to nest in the Kanak Durga 
temple grove and other SGs. We could 
not verify these reportings, but were 
able to notice a small number of nests of 
the Indian myna and the black-headed 
oriole in three different SGs in Jhar- 
gram, Banspahari and Belpahari Ranges. 


An old (abandoned) nest of the weaver 
bird was also sighted on a palm tree in a 
derelict SG in Jamboni Range. 

Further intensive studies are required 
to consolidate our findings. Neverthe¬ 
less, assuming that the probability of 
sighting a bird species was equal in all 
three habitats categorized in Table 1, 
the record of 22 local landbirds from the 
SGs suggests that these groves served as 
important sanctuaries for numerous 
biota in the past when they were of big¬ 
ger physical dimensions. While it is 
unknown how many species of other 
groups of organisms were, or still are, 
protected by the institution of SG, this 
study indicates that these dwindling SGs 
continue to serve as important refugia 
amidst the landscape of species deple¬ 
tion. The function of SG in providing 
refuge to a variety of life forms has been 
appreciated by ecologists, but most 
studies in SG biodiversity have encom¬ 
passed little more than floral invento¬ 
ries, thus leaving a considerable gap in 
the documentation of faunal diversity in 
SGs. Our qualitative data herein under¬ 
scores the need for a rigorous study of 
the current ecological function of the 
existing SGs. Furthermore, this study 
reveals the efficacy of tradition in 
maintaining biodiversity in the face of 
continuing onslaught of the 
‘mainstream’ economy on the indige¬ 
nous cultural heritage. 
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Symmetry in chemistry and beyond 


Magdolna Hargittai and Istvdn Hargittai 

Beauty and usefulness, a fundamental scientific concept and economy, characteristics of mathe¬ 
matics and music, architecture and human relations, something meaningful to the first-grader and 
the theoretical physicist, all this, and much more, come together in the term of symmetry. The pre¬ 
sent article demonstrates its breadth and versatility, focusing on ‘chemistry’. There is no dis¬ 
tinctly different chemical symmetry versus physical or biological symmetry. Yet, there are 
discernible differences in emphasis of the application of this concept in different fields. This em¬ 
phasis changes with time as well. There is a marked emphasis on the presence of symmetry at the 
current stage of the development of chemistry. This is in some contrast to physics where the im¬ 
portance of broken symmetries has been stressed during the past decades. Generally though the 
symmetry concept unites rather than divides, not only different branches of science but even helps 
bridging the gap between C. P. Snow’s ‘two cultures’. Sciences and the humanities (and the arts) 
have all drifted apart over the years and symmetry can provide a connecting link among them. 


Symmetry is a unifying concept. However, its benefits 
are available to us only if we free ourselves from the 
confinements of geometrical symmetry. 

Everything is rigorous in geometrical symmetry. Ac¬ 
cording to one definition, ‘symmetry is the property of 
geometrical figures to repeat their parts’. Another 
definition says that ‘a figure is symmetrical if there is a 
congruent transformation which leaves it unchanged as a 
whole, merely permuting its component elements’. In 
the geometrical sense, symmetry is either present or it is 
absent. Any question regarding symmetry has a re¬ 
stricted yes/no alternative. For the real, material world, 
however, degrees of symmetry and even gradual symme¬ 
try is feasible and applicable. An yet broader extension 
of the concept has included harmony and proportion 
since ancient times. 

Bilateral symmetry 

Simple considerations are indispensable in classifying 
different symmetry elements and symmetry operations. 
Thus bilateral symmetry is present when two halves of 
the whole are each other’s mirror .images. This is the 
most common symmetry and the every-day usage of the 
term refers to this meaning. Applying a mirror plane to 
either of the two halves of an object with bilateral sym¬ 
metry recreates the whole object. This mirror plane is 
the tool, called also ‘symmetry element’ whose applica- 


Magdolna Hargittai and Istvan Hargittai are in the Structural Chem¬ 
istry Research Group of the Hungarian Academy of Sciences at Eot- 
vos University, P.O. Box 117, H-1431 Budapest, Hungary. Istvan 
Hargittai is also in the Institute of General and Analytical Chemistry, 
Budapest Technical University, H-1521 Budapest, Hungary. 
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tion is called the ‘symmetry operation’. Symmetry plane 
and reflection plane are synonyms ot mirror plane. The 
symmetry operation of bilateral symmetry is called re¬ 
flection. 

Rotational symmetry 

Rotational symmetry is present when by rotating an ob¬ 
ject around its axis, it appears in the same position two 
or more times during a full revolution. Rotation is the 
symmetry operation and the axis of rotation is the sym¬ 
metry element. Rotational symmetry may be two-fold, 
three-fold, four-fold, etc. 

It is common that reflection and rotation appear to¬ 
gether. The presence of some symmetry elements may 
generate others and vice versa. Thus, for example, the 
intersection axis of two oiThogonal reflection planes is 
an axis of two-fold rotation. These symmetries occur in 
an endless variety in the molecular world and elsewhere. 

Polyhedral molecular shapes 

Not all molecules are symmetrical but some have con¬ 
spicuously high symmetry. The truncated icosahedral 
shape of the buckminsterfullerene molecule, Ceo, is 
characterized, among others, by six axes of five-fold 
rotation. Experimentally discovered in 1985, its great 
relative stability was predicted already in 1970, based 
on symmetry considerations. Highly symmetrical cage 
molecules have been a playground to organic chemists. 
Tetrahedrane, C 4 H 4 , could not be obtained (yet?). Cu- 
bane, CgHg and dodecahedrane, C 20 H 20 . have been syn¬ 
thesized. As H.S.M. Coxeter remarked, ‘the chief 
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reason for studying regular polyhedra is still the same 
as in the times of the Pythagoreans, namely, that 
their symmetrical shapes appeal to one’s artistic 
sense’. 

An interesting question is why do molecules take a 
certain shape and symmetry and not another. In addition 
to sophisticated theories, there are simple models capa¬ 
ble of answering this question. One of them focuses on 
the space requirements of all the electron pairs in the 
valence shell of the central atom (it is called the 
VSEPR - valence shell electron pair repulsion theory). 
The arrangement of the electron pairs is then modelled 
after the arrangement of points on the surface of a 
sphere. The arrangement is sought in which the mutual 
distances of the points are maximized for best space 
utilization. For two, three, four, five, and six points, that 
is, electron pairs in the valence shell, the arrangements 
are linear, equilateral triangle, tetrahedron, trigonal 
bipyramid, and octahedron, respectively. With four 
electron pairs, for example, we get a regular tetrahedron 
rather than a square! The importance of space utilization 
is seen for balloon-shaped fruits growing together in 
small clusters, such as walnuts, chestnuts, or the en¬ 
demic Hawaiian ho’awa. 

Chirality 

A special kind of symmetry relationship is when 
two objects are related by mirror reflection and the two 
objects cannot be superposed. Our hands are an excel¬ 
lent example, and the term ‘chiral’ derives from the 
Greek word for hand. Chiral objects have senses and 
following the hand analogy they are left-handed (L) 
and right-handed (D). Louis Pasteur first suggested 
that molecules can be chiral. The two members 
of a chiral pair are often called ‘optical isomers’ 
because they rotate polarized light in opposite direc¬ 
tions. 

The geometries of the two members of a chiral pair 
are not distinguishable because they are described by 
identical sets of interatomic distances. However, their 
senses are different. The distinctions between the twins 
of a chiral pair have literally vital significance. Living 
organisms contain a large number of chiral constituents. 
However, only L-amino acids are present in natural pro¬ 
teins and only D-nucleotides are present in natural nu¬ 
cleic acids. This happens in spite of the fact that the 
energy of both enantiomorphs is equal and their forma¬ 
tion has equal probability in an achiral environment. 
However, only one of the two occurs in nature, and the 
particular enantiomorphs involved in life processes are 
the same in humans, animals, plants, and microorgan¬ 
isms. The origin of this phenomenon is a great puzzle 
which, according to Prelog, may be regarded as a prob¬ 
lem of ‘molecular theology’. 
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‘Evil t^vins’ 

Once a chiral molecule happens to be in a chiral envi¬ 
ronment, the two isomers will be behaving differently in 
reactions with molecules of another chiral substance. 
This different behaviour is manifested sometimes in 
very dramatic ways. In some cases one isomer is sweet, 
the other is bitter. In some other cases the drug molecule 
has an ‘evil twin’. A'tragic example was the thalidomide 
case in the 1950s in Europe, in which the right-handed 
molecule cured morning sickness and the left-handed 
one caused birth defects. Other examples include one 
enantiomer of ethambutol fighting tuberculosis with its 
evil twin causing blindness, and one enantiomer of 
naproxen reducing arthritic inflammation with its evil 
twin poisoning the liver. Ibuprofen is a lucky case in 
which the twin of the enantiomer that provides the cur¬ 
ing is converted to the beneficial version by the body. 

Even when the twin is harmless, it represents waste 
and a potential pollutant. Thus, a lot of efforts are di¬ 
rected toward producing enantiomerically pure drugs 
and pesticides. The techniques of asymmetric synthesis, 
based on the strategy of employing chiral catalysts, are 
used to this end. One of the fascinating possibilities is to 
produce sweets from chiral sugars of the enantiomer that 
would not be capable of contributing to obesity yet 
would retain the taste of the other enantiomer. Chiral 
separation and purity is an increasingly important ques¬ 
tion. Worldwide sales of enantiopure drugs are expected 
to reach about US$ 40 billion by 1997. 

Complete absence of symmetry of the individual iso¬ 
mers of a chiral pair is not at all a condition for chiral¬ 
ity. It is only that certain symmetries must be absent, for 
example, symmetry planes. The term ‘dissymmetry’ in¬ 
dicates the absence of certain symmetries only, in con¬ 
trast to ‘asymmetry’ meaning the complete absence of 
symmetry. At the end of the last century Pierre Curie 
postulated that ‘Dissymmetry creates the phenomenon’. 
Namely, a phenomenon is observable due to the absence 
of some symmetry elements from the system. 

Molecules on the move 

The stick and ball representation of molecules is con¬ 
venient for showing molecular symmetries. However, 
molecules in reality are not rigid bodies as such model¬ 
ling implies. They are perpetually on the move. Their 
translational and rotational motion does not influence 
their symmetry. However, their vibrations, such as 
stretching and bending usually reduces their symmetry. 
Thus a linear triatomic molecule is spending much of the 
time in bent configurations of lower symmetry. 

The shape of a molecule is a static property, which 
does not change when a symmetry operation is applied 
to it. Vibration, on the other hand, is a dynamic 
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The orchid has bilateral symmetry. The dividing line between 
the identical left and right side is where we can place a mirror 
and rBcraata the whole orchid by reflecting the left side into the 
right or vice versa. All points along the dividing line of the or¬ 
chid are unique points, and none of them is repeated anywhere 
else. The orchid has point-group symmetry. 



This hubcap has five-fold rotational symmetry. When the wheel 
rotates, the pattern appears to be the same five times during a 
full revolution. However, no matter how we try to put a mirror to 
the wheel we cannot reproduce the pattern. This pattern has 
rotational symmetry only and it does not have mirror symmetry. 

property, which can behave in two different ways undei a 
symmetry operation; it can stay unchanged or it can tuin 
into its own opposite. We say that it is either symmetric oi 
antisymmetric with respect to that symmetry operation. 

‘Antisymmetry’ is the symmetry of opposites. It ap¬ 
pears always when the symmetry of a dynamic pioperty 
is considered. Beside molecular vibrations, the motion 
of the electrons within the molecule is another dynamic 
property. Symmetry considerations are fundamental in 
the description of these motions, and they are mani¬ 
fested, among others, through the so-called selection 
rules determining whether a certain kind of transition 
will or will not occur in a spectrum. Vibrational spec¬ 
troscopy is one of the main experimental techniques to 
determine the symmetry of molecules. 
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The Eiffel Tower from below. There are two pairs of orthogonal 
reflection planes and their intersection line, coinciding with the 
vertical axis of the Tower is the symmetry axis of four-fold 
rotation. 



Buckminsterfullerene, Cg^. This molecule has been called the 
most symmetrical molecule, and also the most beautiful. 
Whereas beauty is a subjective attribute, its truncated icosa- 
hedral shape certainly has very high symmetry, including six 
axes of five-fold rotation. These axes go through the midpoints 
of opposite pentagons. The great stability of this molecule had 
been predicted on the basis of its high symmetry long before 
its experimental observation. 
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Cubans, C,H„ (a) and dodecahedrane, {b) represent shapes of two of the five regular (Platonic) solids. Both have been 

synthesized. Tetrahedrane, C,H„ (c) on the other hand, could not (yet?) be produced because of the very high strain due to the 
very small bond angles such a structure would imply. The tetrahedron-shaped tetraarsene molecule exists. An all-carbon cage 
would be unthinkable for the remaining two regular solids, namely, the octahedron and the icosahedron. Very small bond angles 
would characterize the octahedral structure, whereas carbon could not form five C-C bonds implied by the icosahedral cage. The 
closo-BjHj^ ion (d) and the dodecaborane ion, B.^H,/', (e) complete the chemical examples of the platonic shapes. 
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Two (a), three (Jb), four (c), five {cf), and six (e) bonds radiating from the central atom make configurations of a straight line, equi¬ 
lateral triangle, tetrahedron, trigonal bipyramid, and octahedron. These arrangements can be modeled by maximizing the distances 
between two, three, four, five, and six points on the surface of the sphere. 


Symmetry and information content 

Interestingly, the higher the symmetry, the less is the 
information content. The higher the molecular symme¬ 
try, the simpler is its infrared spectrum, or its nuclear mag¬ 
netic resonance (NMR) spectrum. The NMR spectrum of 
the highly symmetrical buckminsterfullerene molecule was 
nicknamed flag-pole spectrum, displaying a single transi¬ 
tion only, due to the equivalence of all its 60 carbon atoms. 

Symmetry and the chemical reaction 

For a long time the chemical utilization of the symmetry 
concept stopped about here. It was a common notion 
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that for chemical reactions, symmetry was not so impor¬ 
tant. It was thought that as molecules were preparing for 
interacting with other molecules, their symmetries were 
broken and symmetry considerations no longer played a 
role in the reaction. All this changed with the discovery 
of the conservation of orbital symmetry by Woodward 
and Hoffmann in the mid-sixties, preceded by Fukui’s 
teachings on the importance of frontier orbitals. Roald 
Hoffmann and Kenichi Fukui were awarded the Nobel 
prize in chemistry in 1981. 

The main idea is that symmetry rules can be applied to 
the transition state of the chemical reaction, at least to 
reactions, that happen in one step. The transition state is 
the highest energy point on the most accessible route 
between reactants and products and it is very important 
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Walnut clusters of two (a), three {b), four (c), five (c/), and six (e) walnuts display the same arrangements as the points on the 
sphere model or as molecules with the same number of electron domains around a central atom. 
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This is a detail of an open-air sculpture in Newport, Rhode 
Island. Legs, too, have 'handedness’ so they are chiral. 




This modern open-air scuipture in Madrid, Spain, may be taken 
as an illustration of a reaction pathway. Its center corresponds 
to the highest-energy point on the most accessibie route be¬ 
tween reactants and products. The top of the path is the tran¬ 
sition state whose symmetry is decisive in whether the 
chemical reaction may or cannot occur. 



L. 


milk 





i 





The simplest chiral molecule is a methane derivative in which three of the four hydrogens are replaced atoms, 

such as, for example, F, Cl, and Br. There may then be (a) a left-handed C(HFClBr) and {b) a right-handed C(HFC!Br) moiecule 
which will be each other’s mirror images but wili not be superposable. 


in determining both the direction and the rate of a 
chemical reaction. It is even possible to make certain 
symmetry-based ‘selection rules’ for the ‘allowedness’ 
or ‘forbiddenness’ of a chemical reaction. After the 
publication of the conservation of orbital symmetry, 
organic chemists suddenly became interested in the 
symmetry properties of molecular orbitals in order to 
predict the mechanisms of organic reactions. This is 
probably the single most important development in the 
application of the symmetry concept in chemistry be¬ 


cause it brings the concept right into the laboratory of 
chemical synthesis. 

A simple example of the application of this concept is 
the so-called Diels-Alder reaction, the addition of bu¬ 
tadiene and ethylene to produce cyclohexene. According 
to the Woodward-Hoffmann rules, this reaction can 
happen in a one-step fashion. There had been a long 
debate about the mechanism of this reaction, some 
chemists suggesting a two-step reaction. The develop¬ 
ment of fast computers made it possible to calculate the 
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Two characteristic patterns of Italian pavement. They are symmetrical if we disregard minor irregularities. The circular pattern (a) 
can be rotated (in our imagination) at any angle and the pattern remains the same. The center point of this pattern is a unique 
point which stays in place during rotation. This circular pattern thus has point-group symmetry. The arcs of the other patterri ( ) 
are all identical, and the pattern can be generated by infinite translation of any one of the arcs in two directions. There is no unique 
point in this pattern, and it has (two-dimensional) space-group symmetry. 


transition structure and this verified the validity of the 
symmetry rules — indeed the reaction takes place in only 
one step. 

Space group symmetries 

Molecules are described by point-group symmetries. 
However, symmetry may be created by simple repetition 
of a basic motif leading us to space-group symmetries. 
The most economical growth and expansion patterns are 
described by space-group symmetries. This is the sym¬ 
metry of crystals too, that is, when considering their 
internal structure rather than their morphology. 

In viewing the symmetry of extended patterns, all 
symmetry operations must be thought to extend to infin¬ 
ity. If this condition cannot be assumed, the symmetry 
reverts to point-group symmetry. No physical objects, 
though, extend to infinity, and the imposition of the in¬ 
finity condition means merely that the properties under 
consideration should be showing the characteristics of 
extension to infinity. Take a piece of diamond, for ex¬ 
ample. It is built of carbon atoms in a tetrahedral ar¬ 
rangement. If our sample consists of a few tens of 
carbon atoms, it will be showing the characteristics of a 
carbon molecule or a carbon cluster only. Gradually 
enlarging the sample, above a certain limit it will start 
showing the properties of an endless three-dimensional 
network of carbon atoms rather than those of a finite 
structure. Above that limit, its symmetries can be de¬ 
scribed by space groups. 

There are three basic cases of space groups, depend¬ 
ing on whether the basic motif extends periodically in 
one direction only, or in two, and, finally, in three. 
These three cases are described by the so-called one¬ 
dimensional, two-dimensional, and three-dimensional 

CURRENT SCIENCE, VOL. 73, NO. 10, 25 NOVEMBER 1997 


space groups. The symmetry of a chain-like polymeric 
molecule belongs to the first category. A single sheet of 
graphite is described by the second, and crystal struc¬ 
tures by the third. 

Border decorations 

In border decorations a pattern can be generated simply 
by repeating a motif at equal intervals. This is transla¬ 
tional symmetry, the symmetry element is constant 
translation, and the operation is the translation itself. 
The resulting pattern shows periodicity in one direction. 
Repetition can be achieved by a simple shift in one di¬ 
rection, or it may be done by reflection, rotation, or 
glide-reflection. Glide-reflection is another new element 
that does not occur in point-group symmetries. It means 
the consecutive application of translation and horizontal 
reflection. When we walk in wet sand along a straight 
line, we leave behind a pattern of footprints whose 
symmetry is described by glide-reflection. Imagine that 
the basic motif is a black triangle, painted white on the 
reverse. There is a total of seven possibilities for gen¬ 
erating one-dimensional space-group symmetries ol 
these black triangles by utilizing the above symmetry 
elements and their combinations. 

Helices and spirals 

Helices and spirals have also one-dimensional space- 
group symmetries although their bodies may extend to 
three dimensions. Helical symmetry is created by con¬ 
stant amount of translation accompanied by constant 
amount of rotation. In spiral symmetry, again, transla¬ 
tion is accompanied by rotation but the amount of 
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The iron chain (a) (in front of the Royal Palace in Madrid, 
Spain) and the crystalline BeClg chain {b) represerit one- 
dimensional space groups. In both chains the units turn 90 
degrees at every translation. 


The pineapple displays a pattern of spirals that can be thought 
of as if it were a result of compressed phyllotaxis. An ornamen¬ 
tal variation of the pineapple is shown here. 


translation and rotation changes gradually and regularly. 
An extended spiral staircase has helical symmetry. Well- 
ordered biological macromolecules also have helical 
symmetry. Crystalline beryllium dichloride consists of 


infinite chains whose helical symmetry is characterized 



The family of mountain goats (a) can be thought as represent¬ 
ing similarity symmetry, the increments being the change in 
size or the change in age, A molecular example of similarity 
symmetry is the alkane series {b) increasing with a CH^ incre¬ 
ment at each step. 


by a shift of the Be...Be distance and a rotation of 90“^ at 
every shift. Helices are always three-dimensional 
whereas there are spirals that extend in two dimensions 
only. Occurrences of spirals may be as diverse as 
chemical waves and galaxies and snails. 

Another beautiful example is the scattered leaf ar¬ 
rangement around the stems of plants, called phyllo¬ 
taxis. Numbers of the Fibonacci series (1, 1, 2, 3, 5, 8, 
13, 21, ... each new element is the sum of the two previ¬ 
ous elements) characterize the ratios defining the occur¬ 
rence of every consecutive new leaf in scattered leaf 
arrangements. Thus, for example, there is a new leaf at 
each 3/8 parts of the circumference of the stem as we 
move along the stem in one of the characteristic cases. 
Such ratios when involving very large numbers 
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Random arrangement of medieval canon balls (a) provides much poorer space utilization than their regular arrangement (b). 
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approximate an important irrational number, 
0.381966..., expressing the so-called ‘golden ratio’. The 
golden ratio is created by the golden section in which a 
certain length is divided in such a way that the ratio of 
the longer part to the whole is the same as the ratio of 
the shorter part to the longer part. If the whole is 1.00, 
the lengths of the longer and shorter parts will be 0.618 
and 0.382, respectively. This may be the single most 
important proportion in architecture and in artistic ex¬ 
pression. Its relationship to phyllotaxis may have made 
Leonardo da Vinci muse about the scattered leaf ar¬ 
rangement as ‘more beautiful, more simple, or more di¬ 
rect’ than anything humans could devise. 

Spiral symmetry can also be considered as belonging 
to the broad concept of similarity symmetry. Here pat¬ 
tern generation always involves an increment of a char¬ 
acteristic property. Thus, for example, the homologous 
series of alkanes, CH4, CoH^, C3H8, ..., C,,H2„+25 char¬ 
acterized by the increment of a methylene group. 

Planar networks 

If the pattern of one-sided black triangles is allowed to 
extend in two dimensions, there is a total of 77 ways to 
generate such patterns. It is a special case when the pla¬ 
nar network covers the plane without gaps and overlaps. 
The hexagonal network of the single sheet of the graph¬ 
ite structure is an example. Of the regular polygons, 
only the equilateral triangle, the square and the regular 
hexagon is capable of covering the plane without gaps 
and overlaps. For arbitrary shapes though, there are in¬ 
finite possibilities. M. C. Escher’s periodic drawings 
and the wall decorations in the Alhambra of Granada, 
Spain are famous examples. For best utilization of the 
available area, it is characteristic that a protrusion of 
one motif fits a dent of the next, and so on. This is also 
called dove-tail packing and is observed in densest mo¬ 
lecular packing. The concave part of one molecule ac¬ 
commodates the convex part of the next molecule and 
so on. An example is the arrangement of 1,3,5- 
triphenylbenzene molecules in their crystal structure. 
Analogous patterns are found in many decorations, for 
example, on the metal-net dress of Chinese warriors. 
The analogy is not quite superficial. The dress was made 
of small units to maintain flexibility, they used identical 
units for the economy of production, and they covered 
the entire surface without gaps to ensure maximum pro¬ 
tection. 

Crystals 

The number of ways to generate three-dimensional 
space-group patterns is 230. The internal structure of all 
crystals, whether artificial or natural, belongs to one of 
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them. There is, however, a great unevenness in the fre¬ 
quency of their occurrence. Space-group symmetries 
involving symmetry planes are relatively rare as the 
presence of symmetry planes hinders the best space 
utilization. 

Packing is much simpler when the crystal is built of 
spherical atoms or ions rather than of molecules of arbi¬ 
trary shape. The packing of spheres was first considered 
as the key to the internal structure of crystals by Johan¬ 
nes Kepler. As he was looking at the exquisitely beauti¬ 
ful hexagonal snowflakes, unaware of the existence of 
the water molecules, he made drawings of sphere pack¬ 
ing, similar to a pyramid of canon balls. 

Space utilization by periodic arrangements seems to 
be the underlying principle of the occurrence of three- 
dimensional space-group symmetries. This is a common 
arrangement of the building elements in crystals. There 
are restrictions for the regular and periodic structures, 
such as the nonavailability of five-fold symmetry in 
generating them. This can be understood easily when we 
find it impossible to cover the plane without gaps or 
overlaps with equal-size regular pentagons. Five-fold 
symmetry is sometimes called noncrystallographic sym¬ 
metry. 

Quasicrystals 

Crystals are advantageous for the determination of the 
structure of molecules. A crystal provides an amplifica¬ 
tion which multiplies the scattering of X-rays from a 
single molecule by the number of molecules in the array, 
perhaps by lO’'^. The basic block of a periodic crystal 
(‘the black triangle’) is called the asymmetric unit from 
which the entire crystal structure can be generated by 
symmetry operations in three dimensions. The great suc¬ 
cess of X-ray crystallography may have diverted atten¬ 
tion from structures of lesser symmetry though of not 
necessarily lesser importance. The discovery of qua- 
siperiodic crystals (in short quasicrystals) by Dan 
Shechtman in 1982 has by now persuaded many scien¬ 
tists that their view of crystals is unnecessarily narrow. 
David Mermin compared abandoning the traditional 
classification scheme of crystallography, based on pe¬ 
riodicity, to abandoning the Ptolemaic view in astron¬ 
omy, and likened changing it to a new foundation to 
astronomy’s adopting the Copernican view. The discov¬ 
ery of quasicrystals not only extended our science of 
structures but their special properties may bring new 
applications. Thus, for example, due to tribological 
properties, quasicrystal coating may replace teflon in 
kitchenware and oil in internal combustion engines. In¬ 
stead of defining crystals by an a priori concept of their 
structure, crystals are now defined in terms of their dif¬ 
fraction patterns. A crystal is any solid whose diffrac¬ 
tion pattern shows sharp bright spots. 
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Pattern recognition 

The utility of the symmetry concept in chemistry, if 
taken in the broadest sense, is the recognition of pat¬ 
terns. Molecular point groups and crystal space groups 
are extreme examples because of their almost geometri¬ 
cal rigor. There was also pattern recognition in Men¬ 
deleev’s discovery of the periodic system of the 
elements and in Linus Pauling’s interpretation of struc¬ 
tural variations in understanding the nature of the 
chemical bond. 

Beyond chemistry 

Chirality and the properties of biological macromole¬ 
cules present a wealth of symmetry-related questions 
that are right in the overlapping areas of molecular 
chemistry and molecular biology. Recently, however, 
even such descriptive fields of biology as zoology have 
displayed a growing activity in symmetry matters. Not 
very surprisingly, external symmetry is found to be 
playing a decisive role in mate selection. Empirical evi¬ 
dence supports the notion relating ‘animal beauty’ to the 
symmetry of outlook. Such .observations may eventually 
reduce to the molecular level as the external manifesta¬ 
tions of symmetry, such as the degree of left-and-right 
correspondence of the wings, seems to correlate with 
hormone and pheromone production. 

In view of the fundamental importance of the symme¬ 
try concept, it is surprising that even very basic discov¬ 
eries about it were left to be made in this century. When 
Dirac was asked about Einstein’s most important contri¬ 
butions to physics, he singled out Einstein’s 
‘introduction of the concept that space and time are 
symmetrical’. An important step was Emmy Noether’s 
recognition that symmetry and conservation are con¬ 
nected. Indeed, the idea that the great conservation laws 
of physics, like the conservation of energy and momen¬ 
tum, are related to symmetry opened up a wholly new 
way of thinking for scientists. Realizing that Nature in¬ 
cluded continuous symmetry in her design, physicists 
started to look for new connections. 

Recognition of the general importance of symmetry 
considerations does not mean that the actual presence of 
symmetry is important. Its absence or, rather, the ab¬ 
sence of certain symmetries, may be at least as impor¬ 
tant. Just think about chirality and Pierre Curie’s 
statement about dissymmetry. 


It was Dirac who had the prescience to write already 
in 1949 that ‘I do not believe that there is any need for 
physical laws to be invariant under reflections’. Yet, 
even most physicists were surprised by the discovery of 
the nonconservation of parity in 1957 that brought the 
Nobel prize in physics to T. D. Lee and C. N. Yang. 
C. P, Snow called this discovery one of the most aston¬ 
ishing in the whole history of science. Since then, bro¬ 
ken symmetries have been receiving increasing 
attention. 

There seems to be a difference in approach and em¬ 
phasis between physicists and chemists in viewing sym¬ 
metry. It may even be related to the ancient Greek 
philosophers, stressing the importance of continuum, by 
Aristotle, and of the discreet, by Lucretius and Democri- 
tos. From the point of view of continuum, even the ideal 
crystal may be discussed in terms of broken symmetries. 
On the other hand, the chemist’s approach is succinctly 
symbolized by Democritos’ statement: ‘Nothing exists 
except atoms and empty space; everything else is opin¬ 
ion.’ 

Of course, the way symmetry is looked at, can vary a 
great deal. While mathematical symmetry is exact and 
rigorous, the symmetry we encounter in everyday life - 
we called it material symmetry - is much more relaxed. 
The vague and fuzzy interpretation of the symmetry 
concept may also aid the chemist and other scientists to 
recognize trends and characteristic changes. This is get¬ 
ting close to blending fact and fantasy. As the writer 
Arthur Koestler expressed it, ‘Artists treat facts as 
stimuli for the imagination, while scientists use their 
imagination to coordinate facts’. August Kekule’s caveat 
is warranted here, that symmetry is important but it is 
not everything. To which C. A. Coulson added: Tt is 
when symmetry interprets facts that it serves its purpose: 
and then it delights us because it links our study of 
chemistry with another world of the human spirit- 
the world of order, patterns, beauty, satisfaction...’ 


Further reading 
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Conservation of India’s endangered mega animals: 
Tiger and lion 


r, N. Khoshoo 

In the first half of the century, lion and in particular tiger have been decimated by the British and 
the Indian royalty for purposes of sport. At present tiger is being killed on account of the sale of 
its bones and other parts to meet the unprecedented demand for traditional Chinese medicine. 
Even so, India has the largest number of tigers in the world. It also harbours the only living 
population of the Asian lion existing in the world today. Both these charismatic animals are inter- 
vowen with India's history, culture, religion and philosophy and are no doubt endangered but as 
yet have not entered in an extinction vortex. These animals can be saved provided, however, we 
adopt a conservation strategy based on genetic-evolutionary principles. 


In the wildlife parlance, India is a unique country be¬ 
cause it hosts five mega wild animals (lion, tiger, rhi¬ 
noceros, elephant and leopard). All these are endangered 
to varying degree on account of habitat loss due to in¬ 
creasing deforestation, agriculturalization and urbaniza¬ 
tion, and poaching of these animals for pecuniary 
interests. This has happened even when compassion for 
all life is instinctively ingrained in the psyche of the 
average Indian from her/his childhood. Indian civiliza¬ 
tion being very old, has indeed a long history of conser¬ 
vation ethic starting from the vedic period. Furthermore, 
most of the Hindu gods and goddesses are linked with 
one or the other plant and/or animal. Tiger is the mode 
of transport of Shiv Durga, while lion is that of Vishnu 
Durgf. Such associations were a subtle, but an effec¬ 
tive way, of giving sanctity to at least some of the 
prominent species of wildlife (plants and animals) and 
thereby help to conserve the same effortlessly. 

The recent analytical study made by Dinerstein et alf 
has revealed that the largest number (16) of tiger con¬ 
servation units with highest (11) and second highest (5) 
rating is in India. This country not only tops in the num¬ 
ber of tiger habitats but also in variability of the habitats 
ranging from alluvial grasslands and subtropical moist 
deciduous to subtropical and temperate upland forests, 
tropical dry forests, tropical moist deciduous forests, 
tropical moist evergreen forests, and last, but not the 
least, mangroves. Such variation in tiger habitats exists 
in no other country. Furthermore, India being a pre¬ 
dominantly vegetarian country, medicaments based on 
tiger bones and parts including soups of tiger genitalia 
are items that have been unknown in this country. In 
addition, the laws are sufficiently strict. 


T. N. Khoshoo is at Tata Energy Research Institute, Habitat Place, 
Lodi Road, New Delhi 110 003, India. 
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Both tiger and lion are high-profile charismatic spe¬ 
cies which though endangered, are not yet nearing ex¬ 
tinction. These can be saved for posterity following a 
science-based conservation strategy. 

Wildlife has remained largely out of the scientific and 
technological mainstream not only in India but also in 
many parts of the world. The wildlifers are indeed very 
dedicated people but rather possessive of their subject. 
There is a considerable amount of very interesting data 
available with Zoo Authority of India, Wildlife Wing of 
the Ministry of Environment and Forests and the World 
Wide Fund for Nature-India. Such data are not available 
ordinarily to scientists and technologists. Conversely, 
evolutionary implications of the newer approaches to the 
study of genetic variability have remained largely out of 
reach of wildlifers. In fact some wildlifers both in India 
and abroad refuse to recognize the importance of such 
genetic-evolutionary aspects of conservation. 

With this in mind, it was in 1982 that I had, for the 
first time, invited the late John Barnabas (a biochemist) 
to take up a study on genetic variability in tiger and lion 
using isozyme analysis. The idea was to have some es¬ 
timation about the extent and nature of genetic variabil¬ 
ity in the populations of these animals and then bring in 
genetic-evolutionary approaches in the conservation of 
these species. He could not take up the work even 
though he was convinced about the utility of such a 
study. However, in the intervening years in USA, wild¬ 
life attracted molecular geneticists and some very inter¬ 
esting work was done beginning with cheetah. An 
analysis of 55 South African cheetahs from geographi¬ 
cally-isolated populations revealed this species to be 
monomorphic at each of the 47 allozyme loci. This was 
a significant finding"^. 

The purpose of the present paper is to stress the need 
to collate traditional conservation knowledge with the 
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genetic-evolutionary approaches so that these charis¬ 
matic species are saved in time and space. This would 
be possible only if more and more scientists and tech¬ 
nologists work out the extent and nature of genetic vari¬ 
ability existing in these animals using newer approaches. 
It is indeed heartening to note that at the request of the 
Zoo Authority of India, Lalji Singh (CCMB) has taken 
the lead. 

The tiger crises 

In the past, destruction of India’s wildlife has not been 
done by common people but by the royalty (Mughal, 
British and Indian). Abundant historical records exist 
which show that a royal or any aristocratic home in 
Britain and India, during colonial rule, was incomplete 
without stuffed lelines, large ornamental birds and such 
other trophies. Indeed these became status symbols. All 
this happened in the name of ‘sport’ in the pre¬ 
independence era (before 1947). Furthermore, a trip to 
India by any British royal family member and other 
dignitaries was incomplete without shikar of tiger. It is 
recorded that 39 tigers were shot in 11 days in 1911 
when King George the V visited Nepal. Furthermore, the 
Maharaja of Surguja claimed the record-shoot of only 
1150 tigers in his life time"^. Actually these killings fed 
the ego and vanity of the then aristocracy. This also 
happened in Russia. After the construction of eastern 
rail road in the late 19th century, the Russians were en¬ 
couraged to shoot tigers as a part of military training 
and for boosting morale of soldiers and settlers moving 
East. Thus in the 1930s, the population of the Siberian 
tiger was reduced to a mere 30 animals which has now 
risen to 150-200. In China and Russia, the tiger was 
regarded as a menace and wanton killings took place^. 
Furthermore, official records also indicate that 480 
tigers were shot as sport in India during 1966-69 by 
European and American tourists. It is not unexpected 
that many more may have been shot and/or poisoned and 
their skins exported. No doubt there was large scale and 
wanton shooting of tigers throughout its range. 

Along with tigers, countless leopards, bears, rhinoc¬ 
eros, wild boars and crocodiles were also shot during 
shikar during the British Raj, This resulted in a serious 
demographic decline in the mega wildlife of India. For 
instance, about 500 years ago, Babur used to go for shi¬ 
kar of rhino near Peshawar‘S (now in Pakistan). Then its 
range was from Western to Eastern India. But today 
rhino is found only in eastern parts of Nepal and India. 
The maximum concentration of rhino is in two small 
localities like Chitwan (Nepal) and Kaziranga (Eastern 
India). It is only when the population of tigers and other 
mega wild animals like rhino and lion became suberiti- 
cal, that the royalty became conservators. But, in the 
meantime, incalculable damage was done to several 



Source of tiger parts: iililllt 

Consumption of tiger parts: 

Figure 1. Trade in tiger hides, bones and parts, and tiger-based 
medicines 

species especially cheetah, tiger, rhinoceros and lion. 
Such destruction of mega wildlife took place even when 
destruction of wildlife (be it plant or animal) has not 
been in the ethos of an average Indian. 

Therefore, while the first cycle of decimation of tiger 
was on account of wanton shooting by the royalty of 
India, the second cycle of reduction in number of tigers 
has been on account of the unprecedented demand for 
tiger parts in China, Koreas and Taiwan, and demand for 
the products from these in Hongkong, Japan, Singapore 
and the entire South East Asia, Middle East (particularly 
Saudi Arabia), Western Europe and USA (Figure 1). 
The rich Chinese in some of the South-East Asian coun¬ 
tries are willing to pay US$ 300 for a soup based on the 
penis of a tiger. Therefore, as long as such male vanity 
for so-called aphrodisiacs (based on tiger bones and 
organs) will continue, the tiger will continue to live in 
peril. This is particularly true of China where the new¬ 
found affluence, particularly in the coastal belt, has led 
to unprecedented demand and surreptitious trade in tiger 
bones and organs. If such killings go unheaded, the hu¬ 
man population in these countries will consume all the 
world’s mega cats that exist today in the wild. There¬ 
fore, something tangible needs to he done at the inter¬ 
national level to curb the unofficial trade in products 
based on tiger bones and organs for making aphrodisi¬ 
acs, lotions and potions. The poor people living in and 
around tiger reserves in India and South East Asia are 
enticed by agents involved in such illicit trade. On ac¬ 
count of this, the situation has become extremely pre¬ 
carious for the tiger, and India cannot be singled out and 
accused of not discharging its responsibility. 

Historically, tiger had a very wide range from Caspian 
sea in the west to Siberia in the north, to South China in 
the East, down to Bali (Indonesia) in the South and cov¬ 
ered almost whole of the tropical and subtropical India 
and Indo-China (Figure 2). Obviously, tiger though 
zoologically one species (Panthera tigris), had eight sub¬ 
species at the turn of this century^’"^. These are: Caspian 
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Figure 2 Distribution of tiger in the world'^’. 



Year 


tiger {P.t. virgata), Siberian tiger (P.t, altaica), South 
Chinese tiger (P.t. amoyensis), Indo-Chinese tiger (P.t. 
corbetti), Bengal tiger (P.t. tigris), Javan tiger (P.t. son- 
daica), Sumartran tiger (P.t. sumatrae) and Bali tiger 
(P.t. halica). This differentiation probably took place 
after the late Pleistocene glaciation (10,000 years ago), 
and was inevitably followed by isolation and genetic 
drift with no possibility of gene exchange between the 
subspecies^. 

Three subspecies namely Caspian, Bali and Javan ti¬ 
gers have become extinct in 1970s, 1940s and 1980s 
respectively^^. Two other subspecies, namely, Siberian 
(150-200 animals) and South Chinese (30-80 animals) 
are on their way to becoming extinct, not only on ac¬ 
count of drastic reduction in their numbers but also due 
to a lack of local commitment for their conservation. 
This is abundantly clear from the horror stories 
televized about Siberian and Chinese tigers on the Dis¬ 
covery Channel and the Earth Files of the BBC and 
other international agencies. Sumatran tiger is also not 
in good shape with a population of only 650 animals. Of 
the two remaining subspecies, the prospect for Indochi¬ 
nese tiger (1000-1700) is not rosy on account of the 
tremendous demand for tiger bones and organs in China, 
Koreas, Taiwan and other countries, together with weak 
local laws and little commitment to conservation. 

The only hope for tiger, as a species (in its own right), 
is in India where there are still 3750 tigers (Table 1; 
Figure 3). The largest number (912) is in Madhya 
Pradesh. There is adequate national commitment for 
saving this animal. The reason is that tiger is interwoven 
with India’s history, culture, religion and philosophy. As 
pointed out earlier, tiger is the mode of transport 
(vahana) of Goddess Shiv Durga\ Equally important is 
the fact that globally the best scenario is that altogether 
there are 7230 tigers and the worst scenario is that of 
5180 (refs 4, 11, 12). Of these, India alone accounts for 
64 to 65% of tiger population. Thus the only country 


Figure 3. Decline in numbers of tigers in India*^. 

which offers the best prospect of saving the tiger for 
posterity is India and it is not unexpected that this 
country is, therefore, under international pressure to 
save this magnificent animal. This is possible only if 
there is parallel action taken in the countries listed 
above where tiger bone-based medicines are manufac¬ 
tured, exported and used. Equally important is to mount 
a campaign by lUCN, WWF (International), FAO, 
UNESCO and UN Security Council and the General 
Assembly in this regard. India cannot absolve itself from 
the biological responsibility of saving the tiger. Fur¬ 
thermore, the saving grace is that the prevailing ethic of 
Indians is one of non-violence and compassion not only 
for tiger but for all life. 

India also has provided to the world unique albino 
line in tiger which began with Mohan - a white tiger 
caught from the wild in Rewa^. This trait is a simple 
monogenic recessive. The colour is off-white, stripes are 
brown and eyes are icy blue. There are now a large 
number of white tigers as celebrities in many zoos of the 
world. Another mutant is the black tiger, again from 
India. Originally, this is based on an illegally obtained 
tiger skin in which back and head are deep black in col¬ 
our which extends down as black stripes^. There have 
been reports about black tigers since March 1889 to the 
present times^. However, the genetics of black tigers is 
yet to be worked out. 

Conservation of tiger in India 

Conservation of tiger has been going on in India in a 
subdued manner for sometime, but it got a fillip on ac¬ 
count of the Resolution of the Tenth General Assembly 
of lUCN held in November 1969 in New Delhi. For the 
first time, it recommended a moratorium on killing of 
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Table 1. Tiger population in Indian states by census years 


State 

1972 

1979 

1984 

1989 

1993 

Andhra Pradesh^ 

35, 

148 

164 

235 

197 

3 

Goa 


“ 

- 

2 

Bihar^ 

85 

110 

138 

157 

137 

Mizoram 

- 

65 

33 

18 

28 

Orissa’ 

142 

173 

202 

243 

226 

Rajasthan”^ 

74 

79 

96 

99 

64 

5 

Gujarat 

8 

7 

9 

9 

Maharashtra^ 

160 

174 

301 

417 

276 

Karnataka^ 

102 

156 

202 

257 

305 

Meghalaya 

32 

35 

125 

34 

53 

Uttar Pradesh^ 

262 

487 

698 

735 

465 

Arunachal Pradesh^ 

69 

139 

176 

135 

ISO 

Madhya Pradesh^ 

457 

529 

786 

985 

912 

Kerala 

60 

134 

89 

45 

57 

Tamil Nadu’’’ 

33 

65 

97 

95 

97 

West BengaP 

73 

296 

352 

353 

335 

Assam^ 

147 

300 

376 

376^" 

325 

Tripura 

7 

6 

5 

5'^ 

NA 

Nagaland 

Sikkim 

80 

104 

102 

2 

102* 

4 

83 

2 

Manipur 

1 

10 

6 

31 

NA 

Total 

1,827 

4,005 

3,015 

4,334 

3,750 


Information not available. 

NA, Tiger census undertaken, but figures not yet available. 

••'‘Tiger census not undertaken during 1989 in Assam, Tripura and Nagaland. Hence figures for 1984 have been used. 
^States (12) together having about 93% of the total tiger population of the country. 

Source: Dey*^. 


tigers and sale of tiger skins, trophies, etc. At that time 
tiger bones and organs were not in such great demand. 
In 1970 India imposed a total ban on tiger shooting fol¬ 
lowed by adoption of Wildlife (Protection) Act of 1972. 
Soon after, in 1973 Project Tiger was launched^^’^l 
Given the commitment of the Indian Government at 
the level of the then Prime Minister (Indira Gandhi), 
positive results followed soon. A network of tiger re¬ 
serves which today number 23 and cover an area of 
82,615 hectare (Kishore Rao, personal communication), 
accounts for 1079 tigers, i.e. about 29% of the total tiger 
population (Table 2). Each tiger reserve has a core area 
around which is the buffer zone. More recently, on the 
occasion of Tenth Anniversary of Project Tiger (1993), 
there was the adoption of Delhi Declaration regarding 
tiger by the Government of India, and a National Tiger 
Action Plan (NTAP) was also chalked out at an interna¬ 
tional symposium held in February, 1994. The NTAP 
spelt out international and India's intents. The interna¬ 
tional intent envisaged formation of a Global Tiger 
Forum (1993) with provision for India entering into 
agreements with the neighbouring countries so as to 
prevent illegal trade in tiger hides, bones and organs, 
exchange of information and help one another in capac¬ 
ity building for protection of tiger. It also emphasized 
evolving NTAP with a network of viable tiger reserves, 
together with their management capabilities, research 


and monitoring and also management of lesser cats and 
other endangered species in these reserves. The Plan 
was holistic in character. 

In addition, administrative restructuring and collabo¬ 
ration with voluntary agencies was also envisaged. The 
local agencies were to be involved in a meaningful 
ecodevelopment programme. However, underlying sci¬ 
ence and technology of conservation has not been 
stressed. Furthermore, decisions have not been imple¬ 
mented in their entirety. 

The number of Indian tigers (P. tigris tigris) at the 
turn of this century was around 40,000 (refs 8, 13). 
However, as indicated earlier, by 1972, in the name of 
sport, the number of tigers came down to mere 1872 
(Figure 3). This was the first tiger crisis in this century 
in India. Thus in 72 years (1900-1972) atleast 38,128 
tigers were killed which means about 530 tigers per 
year, i.e. atleast three tigers in every two days were 
killed for sport (shikar) during this period. This was the 
biggest decimation of tigers done not by common people 
of India, but by the British and Indian royalty. However, 
in 1970, thanks to the then Prime Minister, Indira Gan¬ 
dhi, some very definitive actions were taken inasmuch 
as tiger was declared as India's National Animal and 
Project Tiger was launched in 1973. The Indian Board 
for Wildlife (IBWL) was also constituted with Karan 
Singh as its first Chairperson and followed by Indira 
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Table 2. 

Tiger population 

in project tiger reserves by census years 



Project tiger reserves: 
see Figure 4 

Established in 

1972 

1979 

1984 

1989 

1993 

1995 

Bandipur 

1973 

10 

39 

53 

50 

66 

74 

Corbett 

1973 

44 

84 

90 

90 

123 

128 

Kanha 

1973 

43 

71 

109 

97 

100 

97 

Manas 

1973 

31 

69 

123 

77 

81 

94 

Melghat 

1973 

27 

63 

80 

55 

72 

71 

Palamaii 

1973 

22 

37 

62 

44 

44 

47 

Ranthambhore 

1973 

14 

25 

38 

93 

36 

38 

Simlipal 

1973 

17 

65 

71 

269 

95 

97 

Sunderbans 

1973 

60 

205 

264 

45 

251 

NA 

Periyar 

1978-79 


34 

44 

19 

30 

39 

Sariska 

1978-79 

- 

19 

26 

38 

24 

25 

Buxa 

1982-83 

- 

- 

15 

28 

29 

31 

Indravati 

1982-83 

_ 

- 

38 

94 

18 

15 

Nagaijunasagar 

1982-83 



65 

47 

44 

34 

Namdapha 

1982-83 

- 

- 

43 

90 

47 

52 

Dudbwa 

1988 

- 

- 

- 

22 

94 

98 

Kalakad-Mundanthurai 

1988 

- 

- 

_ 

81 

17 

NA 

Valmiki 

1990 


- 

- 

_ 

49 

NA 

Pencil 

1992 

- 

- 

- 

_ 

39 

27 

Tadoba-Andhari 

1994-95 

- 


_ 

_ 

34 

36 

Bandhavgarh 

1994-95 


- 

_ 


41 

46 

Panna 

1994-95 

- 

_ 

_ 

_ 


26 

Dam pa 

1994-95 

~ 

- 

- 

- 

7 

4 

Total 


268 

711 

1121 

1258 

1 178 

1079 


- Was declared a tiger reserve subsequently. 

NA, Tiger census undertaken, but figures not yet available. 
Sources: Dey”. 


Gandhi as the next Chairperson. The objective was that 
every single animal was to be saved. The result was that 
by 1989 the number rose from mere 1872 (in 1972) to 
4334 (refs 8, 12). The progress was indeed very im¬ 
pressive. To be exact, there was an addition of 2462 
tigers in the intervening 17 years. 

After Indira Gandhi’s assassination in 1984, the num¬ 
ber fell to 3750 by 1993 (ref. 12). This was the second 
tiger crisis, the country lost atleast 584 tigers in four 
years (1989-1993), i.e. about one tiger was lost every 
alternate day. No census has been taken after 1993, but 
the pace of decimation may have increased and not de¬ 
creased. This being so on account of an unprecedented 
extraneous demand for tiger bones and organs for Chi¬ 
nese medicine, coupled with a perceptible decline in the 
level of conservation effort in India after the demise of 
Indira Gandhi. The loss was dramatic during 1989-93 when 
India’s political commitment regarding conservation in 
general and tiger in particular was at the lowest ebb. 

This led to holding an International Symposium in 
1993 which ended in the Delhi Declaration on tiger 
conservation and recommended setting up of a Global 
Tiger Forum and starting a global campaign to save the 
tiger. Thanks to Kamal Nath (the then Minister of State, 
Environment and Forests), an Indo-Chinese Protocol on 
Tiger Conservation was also signed between India and 
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China in 1993 (ref. 12). With declining political com¬ 
mitment to conservation, all these decisions, remained 
only on paper. 

Bones and skins have been regularly smuggled out of 
India via Nepal and sometimes also via Singapore. The 
final destination has been China. There are very harrow¬ 
ing accounts published abroad day in and day out about 
the serious decline in number of tigers in India. Some of 
these have not been officially accepted, but the heart of 
the matter is that conservationists and conservation or¬ 
ganizations, all over the world, are interested in saving 
this charismatic species. 

Poachers involved in clandestine trade in tiger hides, 
bones and organs are posing the biggest threat for this 
species. These offenders are rarely caught red-handed 
because the local people do not reveal information to 
park authorities for fear of reprisal. In addition, the park 
authorities do not have magisterial powers to book of¬ 
fenders after summary trials. Poaching is done in the 
peripheral areas. It is basically a hit-and-run operation. 
In spite of these drawbacks, there have been successes 
in catching several culprits. Unless a poacher is caught 
red-handed, most cases of poaching go unreported and 
unpunished. This is so because people are reluctant to 
provide timely information. Between 1993 and 1995, 
117 to 133 tigers were poached* 
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It has been suggested that there should be anti¬ 
poaching Strike Force organized with the help of the 
local villagers in core areas. Such a force needs to have 
modern weapons, and such vigilance groups need to be 
organized from among villagers who should act as secret 
informers. Side by side, the service conditions of staff 
need improvement. Special courts need to be appointed 
which should dispose such cases expeditiously. The 
knowledge base of conservation for postal and custom 
staff needs to be regularly updated. 

Additional reasons for the decline of tiger and wildlife 
populations are land diversion for human settlements, 
agriculture, grazing, roads, mining, etc. which have led 
to habitat loss'^’^"^. There have to be well-organized and 
well-thought out education programmes for the ecosys¬ 
tem people and villagers about the importance of con¬ 
serving tiger for long-range ecological security. 

Today, for different reasons, there is a renewed inter¬ 
est in tiger conservation even at the global level. Tiger 
is the National Animal of India and during Indira 
Gandhi’s time has been a symbol of successful conser¬ 
vation effort launched in the country. Thereafter, there 
has been considerable laxity and conservationists have 
been impressing successive Governments of India to 
take up the conservation of tiger very seriously. 

Even the Indian Board for Wildlife became totally de¬ 
funct after the death of Indira Gandhi. The Honourable 
Supreme Court had to intervene at the behest of WWF- 
India to urge the Government of India to reconstitute 
this Board, which had met only once after the demise of 
Indira Gandhi. The Court has also directed that the 
states should also constitute Wildlife Advisory Boards 
and appoint Honorary Wildlife Wardens. The Board was 
reconstituted in 1996 after a lapse of over 8 years and 
two meetings have been taken, one each in March and 
July 1997 by the Prime Minister. The general apathy and 
inaction by the Government has led to a thinking that 
wildlife is unimportant and the result has been that the 
wildlife conservation has been totally neglected. To say 
the least, this is very sad. 

Tiger being a charismatic species, has attracted con¬ 
siderable world attention and WWF (International) is re¬ 
ported to have collected large sums of money in the name 
of Tiger Conservation. The donors are now pressing WWF 
(International) to prepare and implement a credible plan of 
action and do some work on the ground. The performance 
of WWF (International) needs to be closely watched. 

As pointed out above, the only hope for tiger conser¬ 
vation on Planet Earth, is in India. This being so on ac¬ 
count of the fact that India is the land of Buddha, 
Mahavira and Gandhi, where people are predominantly 
vegetarian and believe in non-violence. Being a poor 
country, the pecuniary interests dominate in some areas 
and in some very poor strata of Indian society, where 
actually it pays to kill a tiger (Figure 1). 
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• Tiger Reserve 
Tiger Distribution 

Figure 4. Tiger reserves in India. Note the unwitting fragmentation 
of the habitats*h 

In sum and substance, in India there have been two 
tiger crises in this century: the first one due to indis¬ 
criminate and wanton shooting by royalty, and the sec¬ 
ond due to unprecedented commercial poaching. The 
situation has been aggravated by habitat destruction and 
fragmentation (Figure 4) due to increase in human 
population and clearance of forests for non-forestry use; 
and reduction in prey-base leading to reduction in tiger 
population. This is likely to result in progressive in- 
breeding. No professional studies are available in this 
regard. There is need for a minimal area which is critical 
for the genetically-viable tiger populations because 
small populations generally lead to loss of genetic vari¬ 
ability. All these factors have led to declining number of 
tigers from a large panmictic population to fragmentation 
of population in 23 tiger reserves with a total of only 1079 
tigers^^ (Figure 4). Therefore, there is needed a long-term 
monitoring of tiger habitats. There has to be establishment 
of new populations and augmentation of old ones for 
otherwise tiger may enter into an extinction vortex^'*’ (Figure 
5). The situation may lead to such a state. This imposes 
tremendous responsibility on conservation community of 
India to take proper and expeditious action. 

Asian lion 

In the historical past, Asian lion ranged from Southern 
Europe (where it became extinct 2000 years ago), 
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Figure 5. Possible pattern of Extinction Vortex'^ 



Q Boundaries of the lion's historical range 

^ Species range reduced abundance, 
populations highly localized 

[el Protected area where species occurs 

[o| Protected area where only remaining 
population occurs (Gujarat) 

[i] Protected area where species moy occur 

[ii] Potential re-introduction sites 
[a] Confirmed record 

[X| Unconfirmed record 


Figure 6. Past and present distribution of lion in the world. Note today Asian lion exists only in Gir 
in Gujarat in India (open circle)"^. 


Northern Africa (disappeared some 50 years ago), Persia 
including South Asia into India up to Bihar where the 
last lion was killed in 1814. It is also recorded that 50 
lions were killed between 1856 and 1858 around Delhi"^. 
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The present situation is that lion has'disappeared in Asia 
except in the Gir Forest in Gujarat (India). Therefore, 
the Gir lion is the world’s only population of Asian lion 
which is indeed relict in character. African lion 
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(Panthera leo leo) is found in sub-Saharan Africa where 
it is abundant. Its Asian counterpart (P. leo persica) in 
Gir forest (Figure 6) has separated from the former 
about 100,000 years ago and has some genetic differ¬ 
ences with African lion"^. These are coupled with some 
morphological differences in mane and body size. Albi¬ 
nos in lion are reported in African lion in the vicinity of 
Kruger National Park and Umfolzi Game Reserve in 
South Africa"^. 

Apart from being the mode of transport of Shiv 
Durga, the lion is also linked with Hindu mythology 
through Narasimha, the fourth incarnation of Lord 
Vishnu (the preserver). Narasimha has upper half as lion 
and lower half as man. It is an embodiment of valour 
and strength. Added importance of lion is the Ashoka 
seal which was adopted by Government of India as the 
State Emblem after independence in 1947. 

According to the report of Forest Department of Gu¬ 
jarat, there were only 20 lions in 1913 in Gir. Thereaf¬ 
ter, a complete ban was imposed on shooting of lion by 
the then Junagadh State of which Gir was a part. But 
now the population of lions is about 280 animals re¬ 
stricted to the Gir forest dominated by dry teak in the 
western part, and by Acacia in the eastern. 

Rashid^^ feels that the carrying capacity of Gir is be¬ 
tween 200 and 250. O’Brien et al}'^ and Widt et aO'^ 
have found considerable genetic uniformity in the 
population. This does not auger well for the Gir lion. 
Lalji Singh and his associates from Centre for Cellular 
and Molecular Biology (CCMB), Hyderabad are in the 
process of making detailed analysis of African and 
Asian lions and their hybrids. 

Apart from large number of livestock (14,000) and 
ecosystem people (7500 Maldharis) found within the Gir 
sanctuary, there are four major temples and the associ¬ 
ated roads, and one rail road within the Gir sanctuary. 
The number of visitors to Gir is around 30,000 per year. 
All these are a source of major interference to lion be¬ 
cause, like humans, animals also love privacy, which is 
missing in Gir. 

The above description indicates that the only popula¬ 
tion of Asian lion in Gir is indeed in danger and there is 
a need for an alternate habitat. Based on habitat viability 
analysis, a prospective site has been identified keeping 
in view the habitat and availability of the prey base. 
The new site is Palpur Kuno Wildlife Sanctuary in 
northern Madhya Pradesh. This is the most promising 
site"^ but the State Government of Gujarat does not want 
to lose the distinction of harbouring in its State the only 
population of the Asian lion. Gujarat also does not want 
to lose the tourist traffic. It would be indeed incorrect 
for Gujarat to continue to harbour such a feeling, 
because lion, like tiger, is a national concern as epito¬ 
mized by our State Emblem, history, culture and heri¬ 
tage. 
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Strategies to save tiger and lion 

What should be the broad contours of a short and a long 
term strategies to save the two charismatic species? All 
the agencies concerned with tiger and lion at the level of 
Central and State Government must meet and chalk out a 
strategy which is implementable and result-oriented both 
in the short and long terms. 

Ecosystem approach 

Tiger and lion are integral parts of the respective eco¬ 
systems. Therefore, an attempt has to be made to 
strengthen the concerned ecosystems where a natural 
herbivore prey-base has to be ensured. Ranjit Talwar 
(WWF, India) has estimated that for its sustenance, one 
tiger needs 60-65 animals per year. To ensure this, there 
are needed atleast 300 animals (a mixture of chital, 
sambar or swamp deer and wild boar). Some feel that 
the number of animals needed is about 500 so as to en¬ 
sure a comfortable prey-base. 

In turn it means ensuring a good tree and ground 
cover on which the herbivore base can flourish, and fi¬ 
nally ensure water availability. There has to be minimal 
human interference. To achieve this, and, without 
sounding heartless, there is a need to translocate ecosys¬ 
tem people living in the core areas. These people have 
to be ensured food and fuel and other basic requirements 
on a sustained basis. They need to grow these in the vi¬ 
cinity of their habitations. In the eyes of ecofundamen- 
talists, it may appear an anti-people act, but it is not so, 
and has to be accomplished in record time and with suc¬ 
cess. As long as people live in the core area, the people 
and the mega-animals will always be in conflict. Fur¬ 
thermore, anti-social elements will continue to entice the 
innocent ecosystem people to kill the animals under the 
pretext of self-defence. It pays them to kill a tiger. 
Translocation will also help the concerned ecosystem 
people to come into the social and economic mainstream 
of the country including education so that they take to 
some vocations and also enjoy atleast some of the good 
fruits of modernity. 

There is need to make all-out effort to fortify vigi¬ 
lance, providing better weapons and other equipment 
including better footwear, and proper uniforms. Fur¬ 
thermore, there is needed training of personnel and 
providing respectable pay scales for the field staff com¬ 
mensurate with importance of the job and the risks in¬ 
volved. These people are at a high risk from commercial 
poachers. There is. a need to educate them about the 
higher responsibility and ensuring commitment by a 
system of awards and rewards. It is also very necessary 
to take the ecosystem and other local people into confi¬ 
dence and elicit their cooperation and encourage them to 
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join as guards and protectors of the tiger and lion 
reserves. Equally important is to prevent habitat de¬ 
struction and soil erosion on account of expanding agri¬ 
culture, industry, tourism and urbanization and 
avoidable defence needs. It is important to ensure good 
vegetational cover, at the same time prevent uncon¬ 
trolled grazing. 

It is necessary to conduct periodic census of tigers 
in priority tiger reserves. Such information is critical 
for reasons more than one. Equally important is 
the problem of predation by tiger and lion on livestock 
belonging to local communities. In this process, 
tigers also attack humans, thus become man- 
eaters. Once tiger and lion get the taste of livestock 
and/or human llesh, the result is alienation of the local 
people. 

Tiger reserves and one lion reserve are in reality small 
islands (Figures 4 and 6). There is demographic decline 
on account of habitat destruction, encroachment and 
illegal poaching. The basic question is: Are these islands 
viable from genetic-evolutionary point of view! There 
are no critical scientific studies on minimum size of the 
population, minimum area demand and the size of prey 
base to sustain a population of a feline. This informa¬ 
tion is critical in the case of tiger because corridors con¬ 
necting adjacent reserves will not be possible (Figure 4). 
The population of tigers within a reserve varies from 4 
to 128 (refs 11, 12), average being 47 (Table 2). Data 
on minimum viable population size is something very 
critical because of the implicit vulnerability of a popu¬ 
lation that is too small and isolated. Small populations 
lead to change in gene frequencies and become vulner¬ 
able to extinction on account of increasing inbreeding 
depression. These are not viable either ecologically or 
evolutionally. Data need to be generated on these as¬ 
pects including the consequences of possible inbreeding 
degeneration. Use of molecular methods must become 
common. Equally important is the extent and nature of 
prey base. 

By and large the fact is that ecosystem people living 
in core and/or buffer zones, has not worked to the ad¬ 
vantage of either these people themselves or the felines. 
On account of their poverty and penury, these people are 
prone to the temptation of trading tiger hides, bones and 
organs for money. The demand for these items is not in 
India but in China. 

A very close centre-state relationship is needed for ef¬ 
fective conservation because land, forests, water are 
state subjects. Equally important is sustained political 
will and commitment regarding conservation. Therefore, 
concerned political authorities need to be kept informed 
about the upstream and downstream ill-consequences of 
not attending to conservation on proper scientific lines. 
In turn, it also means that there is a need for informed 
bureaucracy. 
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Long-term strategy 

Not too long ago, tiger has been a symbol of successful 
conservation effort in India. It became a success story of 
which the then enlightened politicians, bureaucrats, 
wildlifers, scientists, technologists and people at large 
were justly proud. But, this is not the situation today. 
Our strategy must be to strengthen conservation effort 
both at macro- and micro-levels. Secondly, there has to 
be no let-up in conservation effort because otherwise the 
whole work done so far will fall apart. Therefore, India 
has to be ever-vigilant. A lot of populism has entered in 
this otherwise totally professional area. No considera¬ 
tion has been given to evolutionary biology, genetical 
aspects, concept of minimum population size, minimum 
area demand, prey-base, forest cover, water availability, 
etc. Generally the importance of these aspects is not 
fully realized. Furthermore, there is a direct confronta¬ 
tion for space between humans on the one side and tiger 
and lion on the other. All these questions need profes¬ 
sional solutions. There is need to do hard and dedicated 
conservation work so that it becomes useful in time to 
come. 

There has to be an underlying philosophy of ecologi¬ 
cal management of tiger, based on principles of conser¬ 
vation biology. This approach has to be anticipatory in 
character. It should be possible to foresee problems be¬ 
fore they become crises. Efforts have to be made to ac- 
tivize self-sustaining and regeneration capacity of such 
natural areas. In simple words, it means understanding 
ecologically the habitats and biology of tiger and lion on 
a holistic basis. One cannot concentrate only on increas¬ 
ing one species, but will have to enhance a set of inter¬ 
dependent but interrelated plant and animal species and 
revitalize and enhance all other connected biological 
processes. Thus to ensure tiger and lion we need to en¬ 
sure plenty of herbivorous prey-base and vegetation. 
This has to be done through credible ecodevelopment 
programmes so that there is drastic decrease in soil loss 
and deforestation, and finally there is sustained supply 
of water. The bottom line is that we need augmentation 
and maintenance of a whole range of ecological proc¬ 
esses before we can ensure conservation of any charis¬ 
matic species like tiger and lion. In turn, this would 
ensure minimization of many types of threats so as to 
maximize outputs. A long-term strategy does not mean 
merely increasing numbers of tigers and lions, but also 
ensuring their survival in perpetuity. The latter can be 
ensured on the basis of underlying genetic-evolutionaiy 
approaches which have not been a part of conservation 
strategy of mega animals. There is a general lack of 
appreciation and understanding on this account and, 
therefore, is a high priority. 

There is need to map tiger populations and also the 
only population of lion in Gir for genetic variability. 

CURRENT SCIENCE, VOL. 73, NO. 10, 25 NOVEMBER 1997 


GENERAL ARTICLES 


Based on such data, one may think of saving the tiger 
and the lion in space and time. This will also require 
setting up of most modern facilities for genetic finger¬ 
printing. Furthermore, it will involve close liaison be¬ 
tween evolutionists, geneticists, wildlife experts, tiger 
and lion lovers and other personnel involved in the field 
and above all, people at large. 

Genetic approaches to conservation 

Mapping genetic variability will not require killing these 
animals but very small amounts of blood, skin or may be 
only a few hair follicles. It is done all the time in the 
case of human beings and animals for health reasons, 
estimation of genetic variability and establishing pa¬ 
ternity: because while maternity is a fact, paternity has 
been only a conjecture so far. 

In addition there is also needed an understanding of 
the dynamics of the concerned ecosystems and the hu¬ 
man communities that live in tiger and lion habitats. 
Such studies would bring out both adverse and benefi¬ 
cial role of the human-animal relationship. Restricting 
conservation ejfort only to 23 tiger reserves has unwit¬ 
tingly led to fragmentation of the habitat of Indian tiger 
as a whole (Figure 4). Nearly 70% tigers exist outside 
these reserves. This means that in time to come, larger 
panmictic populations would be needed for conservation 
work. Otherwise these are likely to be progressively 
converted into pockets of small inbred populations. This 
may end up in replication of same or similar genotypes 
and progressively lead to genetic homogeneity within 
each reserve. In principle such a danger exists. In turn it 
would increase vulnerability of tiger and lion (Figures 4, 
6). Therefore, it is obligatory to have an idea about ex¬ 
tent and nature of genetic variation in the important tiger 
reserves located in different parts of India and in Gir 
sanctuary in the case of lion. Such an estimate of genetic 
variability is indeed a prerequisite for drawing a mean¬ 
ingful conservation strategy. This cannot be done fol¬ 
lowing the conventional approach but through a whole 
range of DNA fingerprinting techniques available today 
which are not only quick but also highly reliable. 

The general conclusion arrived by Soule'^ regarding 
genetic variation and population size in wildlife is that 
the two are directly related. Furthermore, widespread 
species have greater genetic variation than those with 
restricted ranges; genetic variation is negatively corre¬ 
lated with body size in mammals; endangered species 
have less genetic variation than non-endangered ones; 
and small population size reduces evolutionary potential 
of wildlife species. Though these are generally accepted 
principles, they can by no means be cited as laws. There 
is, however, not much controversy about small popula¬ 
tion size reducing the evolutionary potential of the 


wildlife species^®. There are in-built lessons for using 
these principles for captive breeding and subsequent 
release in nature of a proper ‘genetic mix’ of the species 
concerned. Molecular approaches as applied to tiger and 
lion would help to clear taxonomic uncertainties regard¬ 
ing species, subspecies, hybrids, inbred population in 
the wild stock. Such studies would be of help in captive 
breeding of wild populations. Lastly, these approaches 
will also help in proper management of these animals. 

There is a genuine feeling among wildlife experts like 
Samar Singh that natural hunting skills of captive-bred 
tigers are not as good as in the naturally-bred tigers. 
Besides, the capitive-bred tigers lose fear ot man. Thus 
their ‘wild’ traits are impaired. This has also been the 
conclusion of Billy Arjun Singh. Therefore, the tech¬ 
nique of captive breeding has to be such that ‘ferocity’ 
of these animals is not lost. One needs to replicate an 
identical ‘genetic mix’ in captive bred populations, 
which could be released into specific reserves so as to 
augment natural populations of tiger. 

There are two ways of estimating genetic variability. 
One involves classical breeding approaches, which are 
not only time-consuming and cumbersome but also ma¬ 
nipulation of mega-felines with long generation is diffi¬ 
cult. The other approach is to use molecular approaches 
so as to estimate intra-subspecific genetic variability 
taking note of the pioneering work done by Stephen J. 
O’Brien and co-workers which is more at the gross 
specific and subspecific levels. The future work of Lalji 
Singh’s group^^ at CCMB would involve very detailed 
and intensive genetic profiles at the population level 
throughout its range. To begin with, this can be under¬ 
taken only in the habitats of tiger and lion (Gir) selected 
after careful consideration. If needed, the work could be 
extended throughout tiger range in India. This technique 
is highly reliable for estimating the extent and nature of 
genetic variation using molecular genetic approaches 
like DNA fingerprinting, RAPD analysis, microsatellite 
analysis and mitochondrial D-loop sequencing. The sec¬ 
ond approach would be semen analysis. The Wildlife 
Wing and the Zoo Authority of India under the Ministry 
of Environment and Forests have already sponsored 
such work at CCMB with Lalji Singh’s Group. The re¬ 
sults obtained so far are very revealing. 

Wentzel et al^ utilizing micro-satellite analysis re¬ 
vealed significant phylogenetic differentiation between 
the five living subspecies of tiger. These are indeed 
fragmented and with hardly any gene exchange between 
them. Thus differentiation began on account of geo¬ 
graphical isolation and then led to morphological differ¬ 
entiation. 

The second line of action that can emanate from the 
genetic approach is to organize a Tiger and Lion Gene 
Bank, an idea mooted by Lalji Singh^^ (CCMB). This 
Bank would store for posterity, sperms, eggs, embryos 
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and tissues of representative populations of tiger and Gir 
lion. It would be something similar to the repository or 
bank(s) envisaged under Human Genome. The materials 
thus collected need to be ultimately stored under Perma- 
Frost conditions at an appropriate place selected in the 
Central Himalaya, In this way maintenance costs would 
indeed be low. The materials thus stored may be of use 
in future. Jurassic Park was only a fictional but an 
imaginative episode which may become somewhat of a 
reality in future: we may be able to raise full organisms 
in future. In this regard, the recent work on Dolly (lamb) 
and a pair of monkeys have taken the technique forward 
more decisively. Imagine the possibility of a dodo being 
recreated if such like materials were available for this 
species. 

Alternate site for lion 

For lion there is need to utilize the alternate site already 
identified where natural and/or captive bred populations 
could be released. Otherwise, in case of Asian lion, at 
present India is carrying-alUits-eggs-in-one-basket. 
There is a feeling in Gujarat that having another sanctu¬ 
ary for Asian lion would reduce the importance of Gu¬ 
jarat. If true, this is very sad for reasons more than one. 
This only shows how ignorant and narrow minded some 
of our politicians can be. Alternate site has been already 
identified in Madhya Pradesh based on a very elaborate 
professional analysis'^. This project is being taken up on 
a priority basis. Palpur Kuno is located in Northern 
Madhya Pradesh in Vindhyan Hill ranges, and the proj¬ 
ect for re-introduction of lion is now taking shape. The 
sanctuary is about 3455 km^ which will be increased to 
3700 km^ by 2015. 

With the above in mind and as a first step, the ecosys¬ 
tem people living in Palpur Kuno are being shifted 25 
km away to a new village^^. The new site was chosen by 
the people themselves. The package for 5000 families 
from 19 villages includes 2 ha of ploughable agricultural 
land given free to each adult together with Rs 36,000 for 
construction of a house on the site. The government will 
construct wells and install hand pumps for each family. 
A lift irrigation scheme has also been launched on Kun- 
wari River together with primary health centres for 
people and schools for children. The ecosystem people 
are happy at such a prospect because the new site is far 
better than the one they are occupying at present. The 
transfer is expected to be completed by end 1997 (ref, 
22 ). 

Soon after this phase is completed, work on the en¬ 
hancement of prey-base will begin. This would involve 
considerable eco-restoration including release of her¬ 
bivorous prey species which include spotted deer, chee- 
tal, chinkara, nilgai and wild boar. These herbivores 
would be introduced and time given for them to settle 
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and multiply. A pre-release 20 ha centre of prospective 
prey base has been established so as to ensure prey in 
sufficient numbers. Thereafter, the Asian lion will be 
translocated in 2000-2001 after being tranquilized and 
flown to the new home where they are expected to settle 
permanently^^. 

This sanctuary is also home to tigers and it is felt that 
when lions are introduced, the two mega felines will not 
clash with each other. 

The project will cost nearly Rs 64 crores and would 
be a fitting use of a dacoit-infested area for a lion sanc¬ 
tuary of international importances where human inter¬ 
vention will help to rehabilitate India’s most charismatic 
species. 

This is a unique experiment and a group of conserva¬ 
tion biologists, wildlifers, social scientists and other 
professionals should monitor it for the next 50 years and 
produce periodic reports. 

Demand and consumption of tiger parts 

There has been a significant increase in the use of tiger 
parts during the last decade or so. Primarily this demand 
emanates from China for the Traditional Chinese Medi¬ 
cine (TCM) and secondarily in South-East Asia. Fifteen 
tiger parts have been identified in TCM by Mills and 
Jackson“^. Apart from bones, which are in maximum 
demand, other parts include hair, whiskers, testis, penis, 
brain, eyeballs, blood, bile, etc. The demand is not con¬ 
fined to China and South East and South Asia, but all 
over the world where Chinese are expatriates. Thus 
TCMs are regularly imported by England and other Euro¬ 
pean countries, North America and Australia and also in 
Middle East, particularly Saudi Arabia (Figure 1). 

In China there are also 116 factories producing me¬ 
dicinal liquor based on tiger organs^"^. Most of the sup¬ 
pliers of tiger parts and processed derivatives are from 
China, Hongkong, Indonesia, Singapore and Thailand. 
However, although India has the largest number of tigers 
in the world, this country is not a supplier of tiger parts 
in the formal sense, but there is commercial poaching 
followed by illicit export primarily via Nepal and some 
even via Singapore. The major importers of tiger-based 
medicines are South Korea, Japan, Taiwan, USA and 
Singapore. According to Mills and Jackson^^ between 
1970 and 1993, these countries imported atleast 
10,881 kg of tiger bones, 12,139 kg of tiger or bear 
bones, and 27 million tiger derivatives in ‘various units 
of measure’. These authors have concluded that ‘the 
only certainty is that wild tiger populations cannot sus¬ 
tain even limited commercial trade of their parts. Given 
fragmented habitats and small isolated populations, 
many of the remaining wild tiger populations will re¬ 
quire rigorous protection and management just to sur¬ 
vive the continuing loss of habitat and the deleterious 
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effects of genetic isolation’. These animals cannot sur¬ 
vive the pressures of poaching to supply to the interna¬ 
tional market with tiger bones and their derivatives. 

To stop poaching, there are two courses open. One is 
to curb the production and sale of tiger products inter¬ 
nationally. The world community of conservationists has 
failed to do this for reasons more than one; primarily, 
because it touches the Chinese sensibility. It is a fit case 
for discussion in appropriate international fora. These 
fora may discuss the use of tiger-based medicine and 
may be recommend banning these atleast outside China. 
India on account of its conservation ethic ingrained in 
the people at large has been a willing partner in saving 
tiger and all other biota. The international agencies have 
to swing into action and impress upon importing and 
manufacturing countries about stopping the use of such 
medicines (Figure 1). It is also clear that once tiger is 
decimated, the next target will be lion, followed by 
leopard (even bear) and all other felines from Asia and 
Africa. 

Most people have very serious reservations about the 
world community of conservationists not taking any 
worthwhile action in this direction. Regrettably they are 
more interested in pushing India against the wall and not 
even requesting Chinese to stop import of tiger parts. 
Therefore, a practical view of the situation has to be 
taken. Perhaps conservation organizations need to help 
China to raise tiger bones and organs locally by estab¬ 
lishing Tiger Farms so as to save tigers in South East 
Asia and India. Chinese Materia Medica is a 
‘compendium of traditional Chinese medicinal cures, 
and lists a wide range of curative applications for feline 
body parts’. Even cat bones and cranium are pre¬ 
scribed^'^. Tiger farms would decrease substantially, if 
not eliminate altogether, the demand for tiger bones in 
SE Asia and India. To be realistic it would be asking too 
much from Chinese to abandon the tiger bone-based 
medicines, lotions, potions and soups which they have 
been using from time immemorial. If something tangible 
is not done, tiger bones will continue to be smuggled 
across the borders and tigers will continue to be deci¬ 
mated in South East Asia and India because there is a 
market for these items in China (Figure 1). 

According to Tiger the WWF (International) 

has also been encouraging Chinese traders to introduce 
substitute bones in place of tiger-bones including those 
of domestic cats into retail pharmacy outlets ... negotia¬ 
tions with pharmacists and middle men from the main 
black-market trading areas around Shanghai and Canton, 
are the latest in a series of WWF (International) 
moves designed to alleviate pressure on wild tiger 
populations by persuading consumers to switch from 
illicit potions containing real tiger-bone to over-the- 
counter remedies containing body parts of both wild and 
domestic cats. 
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The suggestion of ‘tiger farms’ may sound rather biz- 
zare but ethically there is no difference between raising 
tigers in farms, and raising sheep, cattle, goat, rabbit, 
poultry, fish, prawns and other domesticated animals, 
and even raising wild species like kangaroo and ostrich 
for purposes of meat. The last two have now been added 
to the Western menu. Tiger bones could as well be 
added to the list only in the case of China. Tiger farms 
in China will go a long way to relieve pressure on SE 
Asian and Indian tigers. 

Conclusions 

Tiger and Asian lion are making news all over the 
world. All is not lost; the good news is that both are fast 
breeders. There is need to follow a pragmatic genetic¬ 
evolutionary pathway for their conservation. Otherwise 
these animals will enter into an extinction vortex. Con¬ 
servation is no longer merely a game of increase in 
numbers but of conserving genetic variability after 
making credible estimation of the same using modern 
tools. Many wildlife experts are still not ready for such 
approaches. The heart of the matter is that in general, 
the smaller a population, the greater is the vulnerability 
to variation in environment. This will in turn lead to 
further reduction in population size and drive a particu¬ 
lar population into extinction. Genetic problems associ¬ 
ated with small populations are well known, and 
minimum viable population size is a reality. Associated 
with this are problems due to loss of genetic variability 
and heterozygosity leading to inbreeding depression and 
genetic drift. The question arises, what should be the 
size of a viable tiger or lion population so as to maintain 
genetic variability in time and space. The answer is that 
there are no reliable well-researched data on the subject. 
Therefore, conservation has to be based on science of 
conservation biology. Alongside there is needed im¬ 
provement in on-the-ground protection and ensuring 
abundant and varied prey-base. It may also involve eco- 
restoration and proper management of ecosystem peo¬ 
ple. Together all these will ensure the future of tiger and 
lion. 
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Evolutionary extremophilic Archaeal domain of 
life 


Rishitosh Prasad* and Sabyasachi Sarkar'^ 

Department of Chemical Engineering* and Department of Chemistry^ Indian Institute of Technology, Kanpur 208 016, India 


The discovery of varied microorganisms under ex¬ 
treme habitations led to the unlocking of the evolu¬ 
tionary secret of the biokingdom including the search 
for the progenitor of the most primitive form of life 
on Earth and in other planets. Fuelled by the limit¬ 
less possible commercial applications of the extremo- 
zymes derived from their organisms, the industry 
anxiously awaits the results related in designing su¬ 
perior enzymes for commercial applications. 


The geological time scale for the evolution of the living 
world whose history spans almost with the formation of 
this Earth shows (Table 1) the existence of microorgan¬ 
isms in the era of Archaean. The gap of 1.1 billion years 
between the creation of the Earth and Archaeal period 
witnessed severely harsh conditions compared to the 
present-day ecosystem. However, the stage was almost 
set for the chemical evolution. It cannot be doubted that 
suitable portions of inorganic matter occurring amidst 
favourable surroundings (anoxic, intense UV radiation 
from the young Sun without ozone layer) may by the 
influence of Nature’s agent of which heat and moisture 
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are the chief, receive an arrangement of these parts that 
foreshadows cellular organization and thereafter pass to 
the simplest organic state and finally manifest the earli¬ 
est movement of life. Life thriving about 3.5 billion 
years ago in an ambience of extreme temperature under 
anoxic conditions had to be surely quite different from 
the thermolabile life forms of today. The hyperthermo- 
philic primitive life form does not fit into the Eucary¬ 
ote-Procaryote dichotomy. In 1965 Zuckerkandl and 
Pauling suggested that the systematics of life forms 
should be based on the most fundamental molecular 
criteria rather than on the classical cytological pheno¬ 
type criteria^ The confluence of advances in microbiol¬ 
ogy, enzymology and molecular biology has allowed the 
distinctions of different forms of life as interpreted by 
Carl Woese^ which led to the proposal that living beings 
on this planet should be classified into three domains: 
(Figure 1). 

- Archaea (Greek, primitive; previously archaeobac- 
teria) 

- Bacteria (Eubacteria) and 

- Eucarya (Eucaryotes). 
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Table 1. Geological time scale (broken line is the marker for the 
anoxic to oxic transition) 


Era 

Years 

(BP) 

Important 

events 

Life 

Big bang 
(Universe) 

15-20 b 

Stars 

" 

Earth 

4.6 b 

Expanding 

universe 

*“ 

Archaean 

3. 5 b 

- 

Evidence of micro¬ 
organisms 

Precambrian 

1500 m 

Planet cooled 

Primitive algae 

Cambrian 

570 m 

- 

Algae 

Paleozoic 

286 m 

O 2 , ancient life 

Modern insect 

Mesozoic 

144 m 

Continental drift 

Dinosaurs reach 
peak/extinct 
flowering plants 


38 m 

Rise of Himalayas 

- 

Cenozoic 

0. 01 m 

Warmer climate 
(end of ice age) 

Age of human 


b, billion; m, million. 


Studying the properties of Archaea might help us to 
trace back the nature of the last common ancestor which 
Woese called ‘the progenote’. In the Archaean age the 
environmental conditions emphasized the difficulty of 
imagining the generation and concentration of complex 
organic molecules to compose the first form of life^. The 
smallest constituent of life is a cell surrounded by its 
environment where the free energy inside the cell should 
be far from equilibrium. The minimum requirements for 
a living cell are: 

(i) Maintenance of a cytoplasmic volume separated 
from the bulk medium, 

(ii) Its ability to perform some catalytic conversions, 

(iii) Energy, and 

(iv) Reproduction with the passage of information to 
ensure that offspring is relatively similar to the par¬ 
ent. 

Progenitor to protocell 

Cairns-Smith and Russell have proposed a simple min¬ 
eral origin of life^’"^. It has been argued that the primitive 
springs of superheated water were broadly comparable 
to present-day blacksmokers of the hydrothermal vents, 
which release enormous amounts of hydrogen sulphide 
and metal sulphides. These metal sulphides predomi¬ 
nantly contain iron-sulphide with effective incorporation 
of nickel, tungsten and molybdenum as sulphide precipi¬ 
tated on the deep Hadean (primordial) ocean floor. As 
the gelatinous sulphide bubbles aged and were inflated 
beyond their strength, they budded producing daughter 
bubbles by the precipitation of new membrane. Modifi¬ 
cation of these metal sulphide membranes might take 
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place in the presence of sulphide, polysulphide and 
thiolate as ligands and also as the redox partners for the 
synthesis of protoferredoxins. This complex sulphidic 
membranes may be regarded as the progenitor to proto- 
cells'^. It was envisaged that an iron sulphide membrane 
separating a volume from the external medium could 
grow by hydrothermal inflations and subsequently 
catabolize hydrothermal abiogenic organics trapped on 
the inner side of the iron sulphide membrane. The 
modified Fe-S clusters present in the membrane cleave 
hydrophobic compounds to hydrophilic moieties which 
were translocated by the proton motive force inherent in 
the acidic Hadean ocean containing dissolved CO 2 to the 
sulphidic alkaline interior of the protocell. The organic 
take over of the sulphidic membrane would encapsulate 
protocells which would grow by osmosis. This protocell 
may have the potential to carry out catalytic conversions 
and perhaps may act as genetic information in the sense 
that the composition of the membrane could control the 
nature of components which can be inserted into the cell 
or permeate through the cell. This information may be 
transferred to the daughter cells. The membrane of the 
primitive protocell thus holds information and at the 
same time controls its semipermeable nature. The Fe-S 
systems are suggested as primordial catalysts and they 
can play the role of NADP The versatility of their 

redox activity may be enhanced by the incorporation of 
other metals like Ni, Cu, Mo or W. Iron sulphide system 
in the presence of thiols and sulphides have rich redox 
chemistry principally linked to the following reactions, 

Fe^-"Fe^-" 4-e", (1) 

2S^- S 2 ^~ + 2e“, (2) 

RS" -> 1/2 RSSR e". (3) 

These reactions can readily lead to the formation of 
proferredoxin types of molecules along with heterometal 
(Ni, Cu, Mo, W) sulphidic aggregates which had the 
potentiality to catalyse primitive redox based reactions 
under ‘Fischer Tropsch’ conditions. These systems can 
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function as hydrogenase involving acidic oceanic water 
activity and Fe centre within the membrane which in 
turn can be reduced back by the involvement of RS' in 
the interior part of the membrane (Figure 2). Silicate- 
rich crust of the early Earth can also provide the neces¬ 
sary hydrogen as known in the case of ease of oxidation 
of rocks by water’"®: 

6[(Mgi.5Fe0.5)SiO4]+7H2O-43[Mg3Si2O5(OH)4]+Fe3O4-i-H2 
olivine serpentine magnetite 

(4) 

Wachtershauser developed the relationship between 
sulphur chemistry and life’®"”. He demonstrated the first 
source of energy and reducing power for the reduction 
of CO 2 in relevance to the origin of life: 

FeS + H 2 S(aqueous) -> FeS 2 + H 2 

AG®=-41.9kJ/mol, (5) 

C 02 (aqueous) + H 2 HCOOH(aqueous) 

AG° = + 30.2 kJ/mol, ( 6 ) 


FeS + H 2 S(aqueous) + C 02 (aqueous) 

FeSz + HCOOH 
AG° = -11.7kJ/mol. (7) 

The simplistic model for the proton motive force takes 
into account the energy transduction and its conserva¬ 
tion across the protocell membranes. De Duve proposed 
that thioester compounds could be available in the 
primitive sulphide rich organic membranes*^ which can 
initiate phosphate based metabolic cycle involving 
equations (8)-(9): 

R'SCOR + Pf R'SH + RCOP" ", ( 8 ) 

RCOP- -I- Pf RCOOH PPi’". (9) 

The production of acyl phosphates and pyrophos¬ 
phates may be regarded as the possible precursors of 
ATP. Thus for the development of metabolism, the three 
important components like a proton gradient, electron 
transfer agents and thioester bonds capable of yielding 
polyphosphates are incorporated in this type of primitive 
membrane which are the minimum requirements for the 
then current level of evolution. The advantages of this 
hypothesis which fit well with the conditions prevalent 
on the early Earth are either well known or have been 
tested in the laboratory. This suggests that life emerged 
as a natural consequence of the drive for equilibrium 
between the Earth’s crust and hydrosphere equilibrated 
with the atmosphere. 

The dichotomy between the heterotrophic and autot¬ 
rophic theories of the origin of life is then a matter of 
interpretation. Thus if the overall hydrothermal system 
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Figure 2. Natural hydrogenase reaction, the Fe-S membrane may 
contain traces of Ni. 


with the formation of protocell membrane development 
is the first approach to life then it is autotrophic, other¬ 
wise the different metal sulphidic system which cataly¬ 
ses hydrogenation of CO to hydrocarbons by ‘Fischer 
Tropsch’ synthesis and by the hydrogenation of N 2 to 
yield ammonia by Haber-Bosch process and the genera¬ 
tion of prebiotic formaldehyde from CO 2 , CO and water 
vapour by solar photons leading to the building of more 
complex organic molecules may lead to the het¬ 
erotrophic form of life. 

Early anabolic synthesis of abiogenic organics utilized 
CO, CO 2 and/or HCHO as the most simple carbon 
sources. In this context the following thermodynamically 
feasible reactions 

4 H 2 + CO CH 4 + 2 H 2 O AG° = -- 139 kJ/mol, (10) 

SH-*- 4* 4Fe^ + CO 2 -> CH 4 + 4Fe^'" + 2 H 2 O 

AG^ = -136kJ/mol, (11) 

are important. The gap between this mineral origin of 
life and the later evolutionary development of the ‘RNA 
world’is difficult to bridge, but all the ingredients 
like ribose from the condensation of formaldehyde, 
adenine and uracil from the condensation of HCN, es¬ 
sential amino acids and phosphates were available for 
the transformation of earliest version of the present day 
life^^ 

Archaea 

As hyperthermophily was a relic of Archaeal environ¬ 
mental conditions and the anoxic state was the second 
important trait then in today’s conditions prevalent on 
the Earth the survival of the most primitive form of life 
is possible only under similar extreme conditions. Deep 
sea hydrothermal vents fit well with this environmental 
description. Microorganisms that grow at and above 
100°C were discovered a decade ago and about 20 dif¬ 
ferent genera are now known^^"^'"'. Among these all but 
two genera are classified as Archaea (Figure 1). The 
exceptions are the bacterial genera Thermotoga and 
Aquifex. All have been isolated from geothermal heated 
environments including deep sea hydrothermal vents. 
These include three methanogenic genera and a unique 
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sulphate-reducing genus termed Archaeoglobus. Besides 
these chemolithoautotrophs, the majority of Archaea are 
obligate heterotrophs. They use proteinaceous growth 
substrates and some can also utilize carbohydrates. Most 
of these organisms are obligately dependent on elemen¬ 
tal sulphur for growth which they reduce by respiratory 
type mechanism. Only a few species can grow without 
elemental sulphur by fermentative type metabolisms, 
although these organisms can also reduce elemental sul¬ 
phur if it is added to the growth medium. 

A primitive slice of life once isolated from its natural 
habitat and trapped and buried beneath soil for millions 
of years may gradually adopt newer habitation concomi¬ 
tant to changes in their lifestyle incorporating changes in 
their genetic bases. The scarcity of food material forced 
them to adopt exotic metabolism and very slow rates of 
reproduction (100 years!). It is estimated that microbial 
activity in the deep Basin occurs at a rate 10"^*'’ to that in 
the Surface soiP^. Thus primitive forms of life under 
duress are capable of prolonged ‘suspended animation’ 
which may pass the Archaeal age via all the subsequent 
geological periods to exist even today under extreme 
conditions of habitation which is even extended to arctic 
or antarctic weather. 

Depending on the habitation, Archaea are presently 
classified as hyperthermophiles, barophiles, halophiles, 
acidophiles, alkaphiles and psychrophiles. The biodi¬ 
versity of such environment is illustrated in Table 2. 
One must keep in mind that ambient mesophilic condi¬ 
tions appropriate to our survival and functions may be 
extreme to microorganisms from unusual habitat. 


Metabolism in Archaea 


group of formylmethanofuran is transferred to a pterin 
by formyl transferase: 

_^ Formyl transferase „ iTTXTT^rn 

Formyl-MFR -h H 4 MPT- - -► Formy I-H 4 MPT 

+ MFR. 

(13) 

Subsequently water is removed from the formyl group by 
cyclohydrolase to form methenyl-H 4 MPT: 


Formyl-H 4 MPT Methenyl-H 4 MPT + H 2 O. 

(14) 


The product of this reaction responds to an oxidoreduc- 
tase reaction where F 420 , which is an 8-hydroxy-5- 
deazaflavin derivative, functions as a coenzyme for hydro- 
genase and also as a major electron carrier in methanogens 
as: 


Methenyl-H 4 MPT + F 420 H 2 


Oxidoreductase 


Methylene- 
H4MPT + F420, 
(15) 


Methenyl-H 4 MPT + Hj Methylene-H 4 MPT 

(16) 

Methylene-H 4 MPT + F 420 H 2 5 !ii 2 !^Methyl-H 4 MPT 

+ F420. (17) 


It is proposed that there are two successive methyl trans¬ 
ferase steps between methyl-KUMPT and HS-CoM^^; 

_ ^ , Methyltransferase 1 

Methyl-EL^MPT + Cobamide-enzyme-——-► 

Methyl-cobamide-enzyme + H4MPT, (18) 


Autotrophs 

Most methanogenic Archaea generate energy by the 
formation of methane from CO 2 and H 2 and the carbon 
is eventually fixed into acetyl-CoA. Therefore carbohy¬ 
drate synthesis rather than catabolism is the main direc¬ 
tion of central metabolism. Nature has evolved three 
major strategies for methanogenesis: reduction of CO 2 , 
reduction of a preformed methyl group and its oxidation 
to acetate. The second stage of the strategy, i.e. the 
methyl reductase reaction is unique for the methanogens 
and has not been found elsewhere in Nature. In the first 
step of the CO 2 fixation, the enzyme, N- 
formylmethanofuran dehydrogenase (FMDH), catalyses 
the first step in the conversion of CO 2 to methane utiliz¬ 
ing another substrate, methanofuran (MFR): 

CO 2 + MFR'" -h H'" 4 - 2e CHO-MFR + H 2 O. (12) 

The physiological electron donor for this enzymatic 
reaction is not known. In the next stage, the formyl 


Methyltransferase 2 

Methyl-cobamide-enzyme + HS-CoM---► 

CH 3 -S-C 0 M + Cobamide enzyme. (19) 

Cobamide enzyme = a cobaltoenzyme involving 
{CH 3 -Co™(N) 4 } moiety, 

HS-CoM = 2 mercaptoethanesulphonic acid, 

CH 3 -S-C 0 M = 2-(methyl thio) ethanesulphonic acid. 

The product of this enzymatic reaction is the true sub¬ 
strate for the methyl reductase catalysed reaction^®: 

Methylreductase 

CH 3 -S-C 0 M + HS-HTP--► CH4 

+ CoM-S-S-HTP. 

( 20 ) 


HS-HTP = 7 -mercaptoheptanoylthreonine phosphate, 
CoM-S-S-HTP = Heterodisulphide. 
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Table 2. Microorganisms under extreme environments^^ 


Extreme 

condition 

Microorganism 

Habitat 

Extreme 

growth conditions 

Metabolic 

characteristics 

High 

Pyrococcus 

Geothermal 

100°C 

Anaerobic 

temperature 

furiosus 

marine sediments 


heterotroph 

Cold 

Bacillus TA41 

Antarctic 

4^C 

Aerobic 

temperature 


sea water 


heterotroph 

High 

Methanococcus 

Deep sea 

250 atm 

Growth and methane 

pressure 

j anas c hit 

hydrothermal vent 85°C 

production stimulated 





by pressure 

High pH 

Clostridium 

Sewage 

pH 10.1 

Anaerobic 


paradoxum 

sludge 

56°C 

heterotroph 

Low pH 

Metallosphaera 

Acid mine 

pH 2.0 

Facultative 


sedula 

drainage 

75°C 

chemolithotroph 

High salt 

Halobacterium 

Hypersaline 

4-5 M NaCl 

Aerobic 


halobium 

waters 


heterotroph 


The link between the methyl reductase and CO 2 fixa¬ 
tion was found to be CoM-S-S-HTP. It has been ob¬ 
served that the addition of the heterodisulphide to 
reaction mixtures stimulated formylmethanofuran syn¬ 
thesis from CO 2 40-fold^^, presumably by the heterodi¬ 
sulphide activation of a low potential electron carrier 
involved in CO 2 reduction although the detailed mecha¬ 
nism of this reaction remains obscure^^. 

All autotrophic methanogens and sulphate-reducing 
Archaeon of the genus Archaeoglobus used a reductive 
aeetyl-CoA pathway: 


6H 



The reactions are catalysed by two important enzymes 
like carbon monoxide dehydrogenase (CODH) and ace- 
tyl-CoA synthase (ACS). The formation of acetyl-CoA 
requires two molecules of CO 2 which are separately re¬ 
duced to form an enzyme bound carbonyl group via 
CODH and the other to a tetra-hydropterin bound 
methyl group, the synthesis of which has been briefed 
earlier. The condensation of the carbonyl unit and the 
methyl unit to acetyl-CoA are both catalysed by bifunc¬ 
tional CODH/ACS. The acetyl-CoA is further reduc- 
tively carboxylated to pyruvate^^ No methanogen has 
yet been reported to have complete oxidative or reduc¬ 
tive citric acid cycle. The partial version of the cycle 
which can be observed fulfils an anabolic road for bio¬ 
synthesis^^. 

For the sulphur-dependent Archaeon of Sulfolobus 
genus there is enzymological and metabolic evidence 
that CO 2 is fixed via a reductive citric acid cycle^^’^"^. 
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Energy conservation in methanogen is the anaerobic 
respiration in which the oxidation of hydrogen is cou¬ 
pled to the reduction of CO 2 . For sulphur-dependent 
Archaea the reduction of sulphate or elemental sulphur 
instead of CO 2 occurred. All the three inorganic electron 
acceptors are weak oxidants and are not exergonic 
enough to allow the synthesis of ATP coupled to these 
reactions. In addition, the hydrogen partial pressure 
found in most parts of anaerobic environment is only 
1000th of standard conditions. The free energy changes 
under nonstandard conditions associated with H 2 - 
dependent reductive reactions are therefore far less. 
Another major energetic problem is the 8 electron re¬ 
duction of CO 2 to CH 4 and of sulphate to H 2 S, Both are 
involved in endorgenic partial reactions like reduction 
of CO 2 to formaldehyde level and reduction of sulphate 
to the sulphite level at the first stage. This means that 
initially energy has to be spent before energy can be 
obtained by subsequent exorgenic partial reactions. The 
energy barrier is overcome by reverse electron transport 
in the reduction of CO 2 to the formyl level catalysed by 
membrane bound oxidoreductase and in the case of the 
substrate sulphate it binds with an ATP forming a sul¬ 
phuric acid-phosphoric acid anhydride which then can 
be reduced by H 2 . The use of elemental sulphur as ter¬ 
minal electron acceptor is made by the heterotrophic 
Archaeal organisms. 

Heterotrophs 

Heterotrophic Archaeal organisms are generally obliga- 
tely dependent on elemental sulphur for growth. Better 
studied among these organisms are of the genera Pyro- 
coccus and Thermococcus. They grow by fermentative 
type metabolism but can also reduce elemental sulphur 
if it is added to the growth medium. Hyperthermophilic 
Archaea such as Pyrococcus and Thermococcus are re- 
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garded as the most slowly evolving of all known organ¬ 
isms^. Thus from evolutionary perspective, detailed 
studies of the enzymes and proteins from these two gen¬ 
era have been made. The primary fermentation pathways 
in these organisms emphasized the need to describe the 
physiological functions of the oxidoreductase type en¬ 
zymes that have been characterized from these species. 
The recent developments in the structure of these en¬ 
zymes and their specific roles may directly be related to 
the evolutionary aspect. 

The pathways of electron flow from carbohydrates or 
peptides to hydrogen and elemental sulphur are summa¬ 
rized in Figure 3. Among the enzymes mentioned in 
Figure 3 GAPOR, FOR, VOR and lOR are unique and 
are not present in mesophilic anaerobes. It was initially 
believed that the hyperthermophilic Archaea contained a 
ferredoxin-dependent, Entner-Doudoroff type pathway, 
in which AOR catalysed the oxidation of glyceralde- 
hyde^'"’. More recently, a modified version of this path¬ 
way retaining the activity of AOR was proposed based 
on labelling study^^. However using NMR spec¬ 
troscopy, the predominant route for sugar fermentation 
in P. furiosus was shown with the non-involvement of 
any role of AOR in an unusual Embden-Meyerhof 
pathway^^. However, the extremely low activity in cell- 
free extracts of P. furiosus of the glycolytic enzyme, 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
resulted in the isolation and purification of a new en¬ 
zyme, glyceraldehyde-3-phosphate ferredoxin oxidore¬ 
ductase (GAPOR)^^. The production of 3- 
phosphoglycerate by GAPOR rather than 1,3- 
biphoshoglycerate by GAPDH was consistent with the 
growth of P. furiosus^^. In addition to GAPOR, another 
oxidoreductase type enzyme, pyruvate ferredoxin oxi¬ 
doreductase (POR) is involved for the metabolism of 
sugars to acetate in P. furiosus. A remarkable feature of 
the unusual Embden-Meyerhof type fermentative path¬ 
way in P. furiosus is that the electrons generated in the 
oxidation processes are funnelled to ferredoxin. The 
oxidation of the reduced ferredoxin is coupled ulti¬ 
mately to the production of H 2 . If elemental sulphur is 
present then it leads to the production of H 2 S. However 
the terminal hydrogen evolving hydrogenase enzyme has 
been shown to accept electrons not directly from re¬ 
duced ferredoxin but via the physiological donor 
NADPH. The reduction of NADP using ferredoxin as 
the electron donor is catalysed by the enzyme ferre¬ 
doxin: NADP oxidoreductase (FNOR/^’'^^ Interestingly, 
the hydrogenase enzyme has been termed as sulphydro- 
genase reflecting its dual catalytic activities. When ele¬ 
mental sulphur or its soluble version as polysulphides 
(PS) is absent, the job of FNOR is to catalyse the reduc¬ 
tion of NADP only and sulphydrogenase catalyses the 
production of H 2 . But in the presence of S® or PS the 
former (FNOR) functions as FNOR and also as sulphide 
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dehydrogenase and the hydrogenase displayed its dual 
catalytic activities (Figure 3). Interestingly, a small re¬ 
dox protein, rubredoxin which is present in P, furio- 
sus^^, has been shown to stimulate significantly S° 
reducing activity but not the H 2 evolution activity of the 
hydrogenase in vitro"^^. However, its physiological role 
is not yet known"^"^. 

Species from Thermococcus genus possess analogous 
enzymes to that from P. furiosus. However, these organ¬ 
isms also grow well in the absence of carbohydrates by 
the fermentation of peptides and they contain high intra¬ 
cellular protease activities"^^”^®. Thermococcus strain ES- 
1 only metabolizes peptides^^’^^ and Thermococcus 
litoralis preferentially utilizes peptides even in the pres¬ 
ence of sugars'*’^. 

In contrast to the mesophilic anaerobic Bacteria'"’'^’^^, 
these S^ dependent hyperthermophiles appear to use 
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only transaminases for the conversion of amino acids 
derived from peptides*"*^. The hyperthermophilic version 
of glutamate dehydrogenase (GDH) has been purified 
from several species of Pyrococcus and Thermococ- 
The GDH regenerates the amino acceptor 2- 
keto glutarate from the glutamate produced by transami¬ 
nation reaction^^’^^. The hyperthermophilic sulphur re¬ 
ducing organisms, in contrast to mesophiles, contain 
three distinct types of 2 -keto acid ferredoxin oxidore- 
ductases involved in amino acid metabolism (Figure 3). 
lOR^^ (indole pyruvate), VOR^^ ( 2 -ketoisovalerate) and 
KGOR^”^ ( 2 -ketoglutarate) convert the transaminated 
forms of the amino acids to their acyl (or aryl)-CoA de¬ 
rivatives. In P, furiosus the acetyl-CoA can be used for 
ATP synthesis by unique enzyme ACS, which converts 
acetyl-CoA, ADP and phosphate into CoA, acetate and 
ATP in one step^^ The corresponding aryl-CoA deriva¬ 
tive can be used for energy conservation involving 
isoenzyme of ACS^^. These isoenzymes use the products 
of the lOR, KGOR and VOR reactions to generate ATP 
and the corresponding acid. Thus different organic acids 
in addition to acetate have been detected in the growth 
media of these organisms ’ ’ . 

In the amino acid fermentation the 2-keto acid oxi- 
doreductases in addition to catalysing the oxidation of 
2-keto acid also decarboxylate to yield aldehyde^^. The 
aldehydes thus produced are oxidized to the correspond¬ 
ing acid catalysed by aldehyde oxidoreductase (AOR) 
which has a broad substrate specificity^^. Another alde¬ 
hyde oxidizing enzyme, formaldehyde ferredoxin oxi¬ 
doreductase (FOR) has also been purified from both T. 
litoralis^^ and P. furiosus^^. The FOR enzyme only oxi¬ 
dizes C 1 -C 3 aldehyde and apparently plays a role analo¬ 
gous to AOR but its true function is not yet clear. In 
addition, a third aldehyde utilizing enzyme, alcohol de¬ 
hydrogenase was found to be present in T. litoralis^^ and 
Thermococcus ES-1 (ref. 52). ES-1 was isolated from 
the gut of a tube worm {Paralvinella sp.)^^ which lives 
in close vicinity to deep sea hydrothermal vents. The 
involvement of AOR, FOR and ADH to deal with alde¬ 
hyde produced is thought to be depending on the redox 
status of the cell. Thus aldehyde can be disposed of to 
generate alcohols involving NADPH via ADH or they 
can be catalytically oxidized by AOR to produce acids 
and reduce the electron carrier, ferredoxin. Confirma¬ 
tion of all these fermentative pathways has yet to be 
made by metabolic leveling studies. It is interesting to 
note that the pathway for metabolism of sugars in 
P, furiosus contains other unusual enzymes such as 
ADP-dependent hexosephosphatekinases^^. These un¬ 
usual pyrophosphate-dependent kinases have been found 
in some anaerobic Bacteria and Eucarya^"^. Interestingly, 
the hyperthermophilic Bacterium Thermotoga maritima 
does not contain AOR, FOR, GAPOR, lOR, KGOR or 
VOR but uses POR (pyruvate ferredoxin oxidoreduc- 
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tase), ferredoxin and hydrogenase representing the low¬ 
est branches in the Bacterial line of descent supporting 
its thermophilic ancestor. 

An interesting observation may be made with the 
uniqueness of these enzymes found in the Archaeal 
kingdom which have no counterpart in Bacterial or 
Eucaryal kingdom. 

Evolutionary development of redox proteins 

The close environmental relationship between subma¬ 
rine hot springs and the Archaean period of the Earth 
has led to the proposal of the genetic take over and the 
mineral origins of life. The evolution of the Fe~S pro¬ 
teins from the sulphidic conditions of the primitive 
Earth and its ubiquitous presence in varied forms even 
today has uncovered Nature’s attempt to chisel the for¬ 
mulae of these clusters with absolute fidelity. In con¬ 
tinuation of Her search, She used FMDH during the 
initial steps of methane synthesis by methanogenic Ar- 
chaea. Methane-producing microbes have been retrieved 
from depths of about 2.75 km where the temperatures 
run up to 75°C. These microbes apparently extract en¬ 
ergy to convert dissolved CO 2 to biomass producing 
methane as a byproduct. These microbes grow on a diet 
of basaltic rocks that reacts with oxygen-free water to 
produce hydrogen - the only energy source in their eco- 
system^^ The initial reduction of CO 2 to formyl stage in 
methanogens involving the tungsten-containing enzyme 
FMDH and the involvement of other tungsten-dependent 
unique enzymes such as AOR, FOR and GAPOR of hy- 
perthermophiles reflected Her choice to adopt thermo¬ 
stable redox systems to catalyse low potential reductions 
under anaerobic conditions ascertaining significant 
catalytic rates of these reactions only at high tempera¬ 
tures. Our current knowledge of the properties of these 
native tungsten enzymes^^ (molecular properties, Table 
3 ) and prototungsten enzymes^*^’^^ justifies this scenario. 

It is to be noted that moderate thermophily (< 80°C) is 
not a primitive but rather a derived character. This sec¬ 
ondary thermophily may be acquired by genetic adapta¬ 
tion of mesophiles. The existence of several isoenzyines 
containing tungsten and molybdenum where the former 
exists in obligately anaerobic species in contrast to 
aerobic molybdenum-containing species is probably a 
relic of anoxic hyperthermophilic to oxic mesophilic via 
thermophilic regime of the geological time scale. The 
new qualities of the environment created by the gradual 
cooling of the Earth with anoxic to oxic transitions by 
the advent of algae allowed conservation of common 
carbon assimilation pathways. Thermophilic autotrophic 
anaerobe, Halogenobacter; microaerophilic Aquifex] 
micro aerophilic heterotroph, Thermotoga; and the 
aerobic autotroph, Hydrogenobacter or the green sul- 
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Table 3. Molecular properties of tungstoprotems 


Organism 
and enzyme 

Holoenzyme 
molecular 
mass (kDa) 

Sub¬ 

units 

Hyperthermophiles 

P. furiosus AOR 

136 

a2 

P, furiosus 

FOR 

280 

a4 

P, furiosus 

GAPOR 

63 

a 

r. litoralis 

FOR 

280 

a4 

Thermococcus sp. ES-1 AOR 

135 

a2 

Pyrococcus sp. ES-4 AOR 

135 

a2 

Methanogen 

M. thermociutotrophicum FMDH 

160 

aP'y5 


Sub-unit 
size (kDa) 

W 

content 

FeS or cluster 

content 

67 

2 

2 [Fe4S4] + 1 Fe 

69 

4 

4 [Fe4S4] 

63 

1 

- 6 Fe 

69 

4 

4 [Fe4S4] 

67 

2 

2 [Fe 4 S 4 ] + 1 Fe ? 

67 

2 

2 [Fe4S4] + 1 Fe ? 

65, 53,31, 15 

1 

- 8 Fe 


phur Bacteria are the deep-rooted Bacterial lineage 
which conserve some common heritage of Archaeal do- 

• 78 

mam . 

Closeness of Archaeal/Eucaryal domains 

The Archaea and Eucarya likely had a common ancestor 
not shared by the Bacteria and the first organisms to 
have diverged from the Archaea/Eucarya lineage were 
the hyperthermophiles^’^^. The similarities in the mo¬ 
lecular machinaries of Archaea and Eucarya used in the 
first step of gene expression, the transcription of genes 
in RNA, furnished evidence to this lineage^^ Research¬ 
ers found that several Archaeal proteins involved in 
gene transcription resemble those of Eucarya more than 
those of Bacteria. For example, gene control sequences 
in Archaeal DNA resemble the TATA box, a regulatory 
sequence found in Eucarya but not in Bacterial genes. 
Even the Archaeal TBP (TATA binding protein) bears a 
remarkable resemblance to the human proteins; as their 
proteins are 40% identical^^ Analysis of the deduced 
amino acid sequence for Pyrococcus furiosus DNA po¬ 
lymerase revealed that it had considerable homology 
with highly conserved regions in a-like polymerases, a 
group that includes human, yeast, and other eucaryal 
DNA polymerases, but was much less homologous with 
Poll-like DNA polymerases, which include the bacte¬ 
rial and Bacteriophage enzymes^^. 

Stability of the extremophiles 

The stability of hyperthermophiles under extreme con¬ 
ditions can be related^ to the existence of life in an at¬ 
mosphere similar to a pressure cooker. Quantitative 
thermodynamical studies demonstrate that proteins 
(enzymes) isolated from hyperthermophiles are inactive 
at 40°C, become fully activated at 90*^0 and unfold at 
113°C. Thus 113°C seems to be the threshold tempera- 
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Table 4. Cloned and sequenced enzymes from sulphur-dependent 
Archaea^^ 


Organism/enzyme 

Expression in E. coli 

Pyrococcus furiosus 

Ferredoxin 

Yes (purified) 

DNA polymerase 

Yes (purified) 

Amylase 

Yes (not purified) 

Glutamate dehydrogenase 

Yes (purified) 

Histone proteins 

No 

Hydrogenase 

No 

Prolyl oligopeptidase 

No 

Maltose regulated gene 

No 

Pyrococcus woesei 

GAPDH 

Yes (purified) 

Glutamine synthetase 

No 

Thermococcus litoralis 

DNA polymerase 

Yes (purified) 

Pyrococcus strain ES-4 

Glutamate dehydrogenase 

Yes (not punned) 


ture of sustaination of life on Earth®^ Evidences show 
that the organic solvents which are fatal for most com¬ 
mon proteins proved to be perfect survival basis of these 
microorganisms. Horikoshi found that microbes for un¬ 
known reasons manage to thrive in toluene, benzene, 
cyclohexane and kerosene at almost a solvent concen¬ 
tration up to 50% (ref. 84). 

Cloning and expression of genes encoding extremo- 
zymes from thermophilic Archaea have been started be¬ 
cause of their many dimensional utilities on both 
scientific and technological fronts. Table 4 lists the en¬ 
zymes which have been purified from both natural and 
recombinant sources. The high thermal stability of 
globular protein from Archaea is found to be an intrinsic 
property as manifested in recombinant proteins. The 
genes for the ferredoxin from P, furiosus when ex¬ 
pressed in E. coli yield proteins that are as stable as the 
native form. Both recombinant and native P. furiosus 
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ferredoxin remain intact at 95°C for 24 h without sig¬ 
nificant denaturation^^. Thus it is apparent that the in¬ 
formation needed to confer extreme thermal stability is 
encoded in the gene sequences which do not require any 
extraneous factors. It has also been demonstrated that 
thermotolerance is an inducible state induced by a small 
cytoplasmic RNA (G8RNA). The gene encoding 
G8RNA is transcribed by RNA polymerase III (ref. 86). 
Many thermophilic enzymes are active enough in E. coli 
to produce toxic effects. The Thermococcus litoralis 
DNA polymerase intein-2 product, PI-TLil, when ex¬ 
pressed in E. coli, cuts the E, coli genome over 10 times 
which is much faster than expected for an endonuclease 
with a large and specific recognition sequence. Interest¬ 
ingly, it has been shown that PI-TLil enzyme activity 
decreases drastically when the salt in the buffer is de¬ 
creased. The reduced specificity of this enzyme at lower 
salt concentration is related to its toxicity in E. coli^'^. 

Heat-loving microbes seem to prevent thermal denatu- 
ration of their genetic material by twisting their DNA in 
the right-hand direction, leading to a positive super- 
coiled double-stranded chain. This unique topological 
conformation of DNA is generated by reverse gyrase, an 
ATP-dependent enzyme found only in hyperthermo- 
philic organisms^^“^*\ Kelly has found that a number of 
high temperature enzymes have a fewer of the amino 
acids most vulnerable to heat^"^. Adams suggested that 
some extremozymes use a ‘salt bridge’ - a zipper like 
series of ionic bonds through the interior that makes the 
structure difficult to unravel. Forterre and his associates 
have shown that reverse gyrase is a combination of a 
DNA helicase and a DNA topoisomerase^-\ Interpreta¬ 
tion of their discovery is that reverse gyrase is the result 
of a gene fusion event that took place before the appear¬ 
ance of heat loving organisms but after the origin of life, 
once DNA genomes and the enzymes involved in their 
unwinding and replication had evolved. In addition to 
the hyperthermostability of hyperthermophiles, problem 
arises as to the involvement of various biological cofac¬ 
tors and intermediates which are extremely thermolabile. 
Some stabilization of these cofactors, like NADPH or 
NADH or intermediate organic substrates should occur 
in vivo for cellular function around lOO'^C. It has been 
observed in some cases that cytoplasmic solutes play a 
role in stabilizing these molecules^®"^^^ but no universal 
mechanism has yet been established. 

Extremozymes are example of homeostatic systems. 
The study of structures of such enzymes will contribute 
immensely to modify some enzymes to withstand not 
only high temperatures, but environments even more 
hostile to life such as found in the organic solvents used 
in many industrial processes. What are the unique char¬ 
acteristics of the extremozymes that lead to their stabil¬ 
ity under very extreme conditions? This is one of the 
most puzzling and challenging problems, in both bio- 
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technology and biochemistry, which is yet to be resolved 
completely. One of the reasons is limited availability of 
structural data on proteins from the extremophiles. 

Comparison of thermophiles with their mesophilic 
counterparts shows that there is not much difference in 
the sequence of the amino acids and it is hence very un¬ 
likely that these minor changes will result in tremendous 
increase in the thermal stability of a protein. In fact, 
change in stability is a consequence of some interactions 
that result in a global change. Hence sufficient and de¬ 
tailed information regarding three-dimensional structure 
of the protein is required. Proteins isolated from the 
anaerobic sulphur-reducing hyperthermophilic Archaeon 
Pyrococcus furiosus were studied. Two non-heme iron 
proteins rubredoxin (MW 5400) and ferredoxin (MW 
7500) and the enzyme glutamate dehydrogenase (GDH) 
(MW 270,000) were studied for their thermostability. 
Independent of the particular amino acid sequence in the 
core, i. e. their primary structure, and independent of the 
molecular weight of the three proteins studied, the inter¬ 
actions within the hydrophobic core dwindle and finally 
vanish when the environmental temperature approaches 
113°C, as a result of which all the three proteins investi¬ 
gated unfold at that very temperature irreversibly and 
irrespective of all the differences in size and sequence 
composition^^. 

The detailed mechanism of the denaturation of pro¬ 
teins by temperature or in organic solvents, detergent, 
etc. is poorly understood but the evidence that thermo¬ 
stable proteins show enhanced resistance to all these 
agents implies that some aspect of the unfolding is 
common to all. Restriction of the initial reversible con¬ 
formational transitions, a consequence of thermostabili¬ 
zation, will proportionately reduce the tendency of the 
protein to partake in future irreversible unfolding steps. 
The observation that chemical degradation of proteins, 
including the deamination of asparagine residues and 
peptide cleavage at Asn-Xaa bonds, proceeds more 
rapidly in pre-denatured proteins, also supports this 
mechanism^®^’^^^. 

Comparisons of the crystal structures of rubredoxin 
and ferredoxin with their mesophilic counterparts 
showed that the hydrophobic core of the hyperthermo¬ 
philic proteins exhibited significant sequence and 
structural homology to the mesophilic proteins and had 
identical folding topologies. Hyperthermostability was 
achieved by relatively minor changes in the surface resi¬ 
dues. These changes resulted in the modification of 
some secondary structural elements, such as a slightly 
longer helix, a triple rather than double-stranded |3 sheet 
and specific ionic interactions involving C and N termi¬ 
nal residues. For example, the N terminus is probably 
the first part of the protein to unzip at high temperatures 
and the enhanced stability of the P. furiosus rubredoxin 
protein likely results in part from a reduction in the la- 
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bility of its N terminus. The improved stability of rubre- 
doxin can also result from improved main chain to main 
chain H-bonds and changes in buried surface 

^^^^ 83 , 87 , 104 -. 06 _ 

The enzyme aldehyde ferredoxin oxidoreductase 
(AOR) has no mesophilic equivalent. In specific com¬ 
parisons with the structures of over thirty mesophiles, it 
has been shown that AOR contained a slightly increased 
number of ionic pairs per residue. AOR also exhibited 
minimum solvent exposed surface and a maximum frac¬ 
tion of buried atoms. In general, minimization of the 
ratio of surface area to volume increases the stability of 
an object by simultaneously reducing the unfavourable 
surface energy and increasing the attractive interior 
packing interactions^^’^^^. It remains to be determined, 
however, if this is a general feature of hyperthermo- 
philic enzymes or is specific to AOR. 

Halophilic Archaea flourishing in hypersaline envi¬ 
ronment, where the water has 30 times the salinity of 
sea, such as the Dead Sea, the Great Salt Lake and the 
salt marshes, have developed certain mechanisms to 
overcome the extracellular osmotic pressure. Halophilic 
Archaea accumulates inorganic ions within the cell to 
concentrations exceeding that of the medium to balance 
the external high salt concentrations of their hypersaline 
medium. Therefore, the entire machinery of these organ¬ 
isms must be adapted to work under hypersaline envi¬ 
ronments, These organisms require high salinity for their 
active functioning and for their survival. Salt, like sol¬ 
vents, dehydrates enzymes^°^’^°^. 

The amino acid sequence of the enzyme halophilic 
malate dehydrogenase (hMDH) from the Archaean Ha- 
loarcula marismortui shows an excess of negatively- 
charged acidic groups over basic residues distributed on 
the enzyme surface and more salt bridges were present 
in it in comparison to its nonhalophilic congeners. 
Acidic residues, especially Glu, have the capability of 
binding more water than other residues which may lead 
to the creation of a hydration sphere that protects the 
enzyme from aggregating at high salt concentrations. 
Acidic residues also stabilize the folded native protein 
conformation by participation in an unusually large 
number of salt bridges. Other features that contribute to 
the stabilization of hMDH are the incorporation of 
alanine into a helices and the introduction of negatively- 
charged amino acids near their amino termini, both of 
which stabilize the a helix as a result of interaction with 
the positive part of the a helix dipole^^^. 

Clark found that enzymes from organisms living in 
deep sea vents, where boiling heat and crushing pressure 
combine, become more stable and more active when the 
pressure is increased. In addition to the salt bridges 
noted by Adams, the enzymes also have a densely- 
packed interior held together by water-excluding hydro- 
phobic bonds. According to Clark, the enzymes that be- 
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come more stable under pressure are probably relying on 
the hydrophobic bonds for high temperature stability 
because pressure destabilizes salt bridges and stabilizes 
the hydrophobic bonds^®^. 

Harvesting biodiversity 

With the discovery of polymeric chain reaction (PCR) 
incorporating thermostable DNA polymerase from the 
thermophilic bacterium Thermus aquaticus (Taq), inter¬ 
est in this enzyme from hyperthermophiles has become 
substantial. Vent and deep vent polymerases and Pfu 
DMA polymerase, purified from T. litoralis strain GB-D 
and P. furiosus respectively are now commercially 
available. Details on the high fidelity of the P. furiosus 
DNA polymerase in the PCR reaction have been re¬ 
ported and both the P. furiosus and T. litoralis enzymes 
have been cloned and sequenced^^’^^^’^**. Recently the 
PCR technique has been improved to allow synthesis of 
long sequences (20-40 kB) by adding small amounts of 
thermostable proof reading DNA polymerases to Taq 
DNA polymerases^^^’^^^. Furthermore, thermophilic 
DNA ligases have been utilized in another technique 
called ligase chain reaction (LCR)^^. 

Attempts have been made to know more about the 
thermophilic organisms by means of recreating evolu¬ 
tion. Modern cool-water Bacteria differ from their ther¬ 
mophilic ancestors in many ways and it is very difficult 
to know which of these differences are there by random 
genetic drift and which are important. Petsko, with a 
speeded-up version of natural selection, attempted to 
make heat-loving organisms that are adapted to cooler 
temperatures. Using PCR technique he created a cold- 
water mutant version of an enzyme essential for synthe¬ 
sis of the amino acid leucine in Bacteria, the structure of 
which hints at the nature of the adaptation: Cold water 
turns the heat-adapted enzyme to an ineffective, rigid 
brick. The cold adapted mutant stays flexible^^"^. 

Studies of enzyme systems from organisms inhabiting 
extreme environments are of interest not only for de¬ 
termining the physical limits of life on Earth but also for 
examining the mechanism by which organisms evolve 
specific biochemical and molecular adaptations. This 
evolutionary technique can be manipulated to design 
superior enzymes for industrial catalysis. Extremophiles 
thus helped the directed evolution of industrial enzymes. 
S. acidocaldarius is one of many bacteria investigated 
as being potentially useful for coal desulphurization but 
is so far unique in that the possible application of both 
its heterotrophic and chemolithotrophic metabolic ac¬ 
tivities have been raised^The removal of inorganic 
sulphur fraction of coal through the Bacterial oxidation 
of pyrites (FeS 2 ) has been demonstrated numerous times 
in the laboratory but the problem of developing an eco¬ 
nomic process on the massive scale still remains formi- 
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dable''^. Biorefining of diesel oil involves the use of 
unique enzymes and solvent-tolerant microbes. In 
biodesulphurization the oil phase can be extremely 
hostile to the biocatalyst and make access to the target 
molecules difficult. Since the sulphur molecules in die¬ 
sel are present at low concentrations and are virtually 
insoluble in water, the use of extremophiles stable in 
organic solvents led to the development and metabolic 
engineering of whole-cell biocatalyst which operate in 
water:oil mixtures. Molecular chaperones are a class of 
proteins that are known to assist in folding some en¬ 
zymes in vitro and have been suggested to be a means of 
enhancing the recovery of recombinant enzymes in in¬ 
dustry. Research on hyperthermophilic chaperones has 
revealed that beyond protein folding, chaperonins have 
other important functions in vivo and these functions 
suggest new industrial applications for chaperonins. 
ThermoGen has been an isolating enzyme from thermo¬ 
philic organisms for the use as industrial biocatalyst. 
Several esterases have been shown to be useful in the 
resolution of pharmaceutically important racemic mix¬ 
tures. The four actinomycetes isolated from the deep sea 
hydrothermal vents and cold seep sites were found to 
belong to the genus Streptomyces but to differ from all 
38 terrestrial Streptomyces. The extremophile Sul- 
folobus acidocaldarius, an Archaeon, has the capability 
of spontaneous genetic exchange"®. 

Archaeal lipids characterized by novel chemical 
structures and molecular architectures represent a most 
promising tool for bioelectronics. The usage lies due to 
the factors like presence of high temperature, extreme 
pH and high ionic strength values, stable lipid layers in 
the membrane of extremophiles"^. A considerable re¬ 
search effort in the area of microbially enhanced oil re¬ 
covery (MEOR) has shown that it is promising and that 
a recovery biotechnology may be developed. Successful 
biochemical processes would have to be cost effective and 
have certain attributes, such as being able to produce emul¬ 
sifying agents and acidify the media. Further, the microbes 
producing these conditions must be tolerant to high salt 
concentrations and be capable of metabolizing high molecu¬ 
lar weight compounds. Since oil reservoirs are also subject 
to temperature and pressure variations, successful microbi- 
als should be able to adapt to such environments. Thus 
thermophilic microorganisms appear to be good candi¬ 
dates for MEOR"^ a better understanding of heat 
shock responses of Archaeal organisms would facilitate 
their exploration in the biotechnological industries; for 
example in engineering cells that exhibit an improved 
ability to withstand or recover from stress"®. 

Future 

It has been estimated that >99% of microbes in most 
habitats are unidentified, unculturable and their enzymes 
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are therefore unknown. Mobilizing the evolutionary 
power of Nature and accessing the DNA probe technol¬ 
ogy would expand our knowledge of their enzymes. The 
exploration of poorly-characterized environments can be 
especially rewarding and extreme environments in par¬ 
ticular offer the robust enzymes for protein engineering 
and directed evolution. The National Science Founda¬ 
tion, USA has created an opportunity to enhance knowl¬ 
edge about ‘Life in Extreme Environments’ through a 
highly interdisciplinary, integrated research programme 
for which special funding is marked in the financial year 
1997. Such research will provide the basis to understand 
not only how life originated and evolved on Earth but 
also how life may thrive on other planets. The prelimi¬ 
nary evidence for the past existence of living organisms 
on Mars has stimulated the recognition that the study of 
extreme environments on Earth, and the study of life 
they support, may be the most effective path towards 
detecting and understanding the life forms that may exist 
beyond our own planet. The recent Pathfinder mission to 
Mars is a forward step in this direction. 
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Source parameters of Jabalpur earthquake of 22 
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A moderate earthquake occurred in the morning of 
22 May 1997 close to Jabalpur town in Madhya 
Pradesh. The earthquake records of seismological 
observatories maintained by India Meteorological 
Department were analysed to obtain source parame¬ 
ters, Of these, ten observatories in the Indian Penin¬ 
sula have recently been upgraded with equipment of 
the standard of Global Seismograph Network. The 
upgraded observatories recorded ground velocity in 
broad frequency band and also the ground accelera¬ 
tion in digital mode. The high quality digital data 
have especially been processed to obtain both kine¬ 
matic and dynamic source parameters. The basic 
source parameters are - Origin time: 04 h 21 m 
30.8 s (1ST), epicentre: 23^08 N, 80°.06E, focal 
depth: 35 km, magnitude: 6.0. The focal depth of this 
earthquake could be clearly obtained using depth 
phase sPn in filtered waveforms. The first motions of 
P wave were used to obtain the focal mechanism. The 
first motion of P waves at the upgraded observato¬ 
ries were obtained through filtering and their ampli¬ 
tudes are also used to evaluate the focal mechanism. 
The focal mechanism solution was obtained as: 
Strike direction N80°E, dip 66° and slip angle 66°. 
This is a thrust type fault with left lateral strike slip 
component. The study of amplitude spectra of S wave 
from upgraded observatories gave seismic moment 
(Mo) of 5,4 X 10^"* dyne.cm and radius of circular 
fault, 3.2 km. These results gave an average disloca¬ 
tion as 37 cm. 


In the early morning of 22 May 1997, a moderate earth¬ 
quake occurred in Jabalpur and adjoining Mandla dis¬ 
tricts of the Indian Peninsula. It took a toll of 43 human 
lives and caused damage to a large number of houses in 
Jabalpur city and neighbourhood. Past history of this 
area shows that an earthquake of magnitude 6.5 oc¬ 
curred on 27 May 1846. In the recent past, Jabalpur ex¬ 
perienced a slight earthquake of magnitude 3.8 on 31 
October 1993. 

The Indian Peninsula is known as a stable cratonic 
subcontinent where Precambrian rocks constitute most 
of the region. As expected in stable continental interiors, 
the seismicity of the Indian Peninsula is low despite its 
northward movement and collision with Eurasian Plate . 


However, two recent intraplate earthquakes, viz, Latur 
Earthquake of September 1993 and the present Jabalpur 
earthquake of May 1997 show that earthquake occur¬ 
rence in stable continental interiors is not yet fully ex¬ 
plained. The lithospheric plate in the continental interior 
has been found with large horizontal comprehensive 
stress consistent with regional stress field which drives 
the plates^’^. Kanamori and Anderson"^ found, that stress 
drop for intraplate and interplate earthquakes is respectively 
100 bar and 30 bar and is independent of seismic moment. 
Johnston and his co-workers^"*" found that intraplate earth¬ 
quakes have strong association with rifts and extended crust 
which means passive margins in addition to rifts. 

The main tectonic features of this area are shown in 
Figure 1. The upper Narmada and Son valley areas of 
Madhya Pradesh and adjoining Uttar Pradesh expose a 
linear belt trending along WSW-ENE and consisting of 
meta volcanic and meta sedimentary sequence between 
79°E and 83°.5E with an average width of 20 km. This 
is referred as Mahakoshal greenstone belt which is a 
typical continental rift set up. The boundary faults of the 
Mahakoshal belt are named as Son Narmada north fault 
and Son Narmada south fault*". Figure 1 shows that the 
seismic activity around Jabalpur is mostly confined 
around these two faults. 

Data and hypocentre 

India Meteorological Department (IMD) is the nodal 
agency for instrumental recording of earthquakes by 
operating seismological observatories since 1898. IMD 
has now 45 national seismological observatories spread 
over India. In addition, there are 4 observatories in and 
around Delhi and 9 observatories in river valley projects 
in north India (Figure 2). Under World Bank-assisted 
project, 10 observatories of IMD have been upgraded 
during 1996-97 to the standards of Global Seismograph 
Network (GSN) (Figure 2). In these upgraded observa¬ 
tories, high quality broadband digital data of ground 
velocity and acceleration are being acquired. For sens¬ 
ing ground velocity, a triaxial STS-2 seismometer is 
used and data is recorded by a Q680LVG acquisition 
system in digital mode with 24 bit resolution. The time 
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Figure 1 . Tectonic features of Jabalpur and its neighbourhood . The 
locations of the past earthquakes and the earthquake of 22 May 1997 
have been shown along with their magnitudes and the years of occur¬ 
rences. 

is synchronized with Global Positioning System. 
Q680LVG records 80 samples per second in trigger 
stream and 20 samples per second in continuous stream. 
The velocity is recorded in counts and the velocity re¬ 
sponse curve is nearly flat between 0.008 Hz and 32 Hz 
for 80 samples per second and between 0.008 Hz and 
8 Hz for 20 samples per second. In these upgraded ob¬ 
servatories, ground acceleration is also measured by K2 
accelerograph. 

The digital data which are recorded in vertical, 
north-south and east-west directions have been con¬ 
verted to ground velocity using the response curve. 
These recordings of horizontal components are 
vectorially rotated to obtain ground velocity in vertical, 
radial and transverse direction at the station from 
the source. These have been done to obtain some 
phases clearly particularly to differentiate SV- and 
SH-waves. Theoretically in an isotropic medium, P wave 
is not recorded in transverse component which 
records the SH waves; while radial component records 
both P and SV waves. The vertical, radial and transverse 
components for the observatories at Bilaspur and 
Bhopal are shown in Figure 3. Arrival times of P, S 
phases and other phases were obtained from these 
records. Zooming and filtering have been done for this 
purpose. 

856 



Figure 2. Seismological observatories of' India Meteorological 
Department. The National Seismological Observatori§:s have been 
shown by circles. Upgraded broadband recording observatories have 
been shown by solid circles. 

In addition to upgraded stations, data of other IMD 
observatories are also collected. Data from NGRI obser¬ 
vatory at Hyderabad was also included. The arrival 
times of P and S phase of these observatories have been 
used to determine the hypocentre using the program 
HYPOCENTRE version 3.2 (ref. 7). This is a computer 
program for locating earthquakes locally, regionally and 
globally. It uses the travel time of lASPEI 91. However, 
if specified, it uses local structure to calculate travel 
time for the stations which are within a given hypocen- 
tral distance. 

Nagpur was the nearest observatory to the hypocentre 
to record P arrival time and the next observatory was at 
Bilaspur. The epicentral distances of Nagpur and Bilas¬ 
pur are 231 km and 237 km respectively. Thus the dis¬ 
tances are far away from hypocentre to determine 
reliable focal depth of the earthquake. Attempts were 
therefore made to determine the focal depth after iden¬ 
tification of depth phases. 

The surface reflected depth like pP, sP are commonly 
interpreted at teleseismic distances and their use results 
in an improved depth determination. The identification 
of depth phases at local or regional distances is a much 
more difficult problem than at teleseismic distances, and 
is practically impossible if only narrow-band data are 
available. The upgradation of observatories in the Indian 
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Figure 3. The broad band ground velocity waveform of vertical (top trace), radial (middle trace) and transverse (bottom trace) components of 
the observatories at Bilaspur and Bhopal. The velocity scale is given in the left and the direction of motion is given in the right. For Bilaspur 
and Bhopal, the initial 30 s record of the portions marked by two vertical dashed lines have been zoomed and filtered in Figure 4. Here and in 
the next comp liter-generated figures, the time indicated corresponds to UTC. 
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Table 1. Crustal and subcrustal model 


Layer 

no. 

Body wave study^ 

Surface wave study^^ 

Thickness 
K, km 

a 

km/s 

/3 

km/s 

Thickness 
H, km 

a 

km/s 

/3 

km/s 

1 

20,0 

5.78 

3.42 

20.4 

5.78 

3.53 

2 

18.7 

6.58 

3.92 

18.3 

6.58 

3.916 

3 

- 

8.19 

4.62 

- 

8.19 

4.603 


Peninsula with broad band digital recording opened up a 
new possibility to identify these surface-reflected depth 
phases at local or regional distances for determination of 
focal depth. 

The crustal and subcrustal structure of the Indian 
peninsula has been studied through body waves^ and 
surface waves^. These studies show a two-layered crust 
(Table 1). The ray path of sPn and Pn is shown in Figure 
4 when the hypocentre is in the first or in the second 
layer of the crust. For sPn, the S-wave from the source 
moving upward is reflected back downward as P by the 
free surface with sufficient energy. The phase sPn has 
also been seen in the synthetic seismograms*^ In the 
record, Pn comes first and sPn comes later. To calculate 
their travel time let us assume that and Ei are re¬ 

spectively the P wave, S wave velocities and thickness 
of the first layer; that 0 : 2 , P 2 ^itd H 2 are those of second 
layer, and ^3 are respectively the P wave and S wave 
velocities of the subcrustal region (Figure 3). 
Using ray theory, the time difference, d^, between the 
phases sPn and Pn are obtained as 

df = h[^[l / - 1 / af) + /■{! / a\- Mai]] 


where the hypocentre is lying in the first layer and h is 
the depth of the hypocentre below the free surface, rjai 
and are vertical slowness of P and S waves in the /th 
layer with ray parameter = l/a 3 . If the hypocentre is in 
the second layer, 

dt = Hi[7f^l+Vat]+l^[Vfi2 + Va2l ( 2 ) 

where h is the depth below the interface between first 
layer and second layer. 

It may be seen from equations (1) and (2) that the time 
difference df, between the two phases does not depend 
on the epicentral distance. In Figure 2, the records of 
Bilaspur and Bhopal show sPn. Ajmer also recorded this 
phase. To get a clear picture, the initial 30 seconds of 
these waveforms are filtered with lowpass filter having 
high cut at 2 Hz. The filtered waveform shows the sPn 
clearly (Figure 5). The time differences between the two 
phases P and sPn are found to be 12.6 s, 12.6 s and 
12.3 s respectively in the records of Bilaspur, Bhopal 



y ^3 

a 



Figure 4. Ray paths of Pn and sPn. a, when hypocentre is in the 
first layer; /;, when hypocentre is in the second layer. 


and Ajmer. As expected from equations (1) and (2), the 
difference is nearly the same at these observatories irre¬ 
spective of their epicentral distances. The average dif¬ 
ference is 12.5 s. The hypocentre is found to be in the 
second layer. Using equation (2), the focal depth is ob¬ 
tained as 35.1 km using body wave model and 35.6 km 
using surface wave model (Table 1). The focal depth 
thus determined is 35 km. 

After focal depth is fixed, the hypocentre is obtained 
using the program HYPOCENTRE 3.2. The hypocentral 
parameters are determined as 


Date 

Origin time 
Epicentre 
Focal length 
Magnitude (Ml) 


22 May 1997 
04h21 m 30.8 s (1ST) 
23°.08N, 80°.06E 
35 km 
6 . 0 . 


Fault plane mechanism 

To evaluate fault plane mechanism, the directions of 
first P wave motion from Indian observatories are col¬ 
lected. For broad band digital data, a clear direction of P 
wave motion is obtained by filtering. In some observa¬ 
tories, such as Pune, the first motions of P wave are not 
so clear in broad band waveform but clarity is obtained 
only through filtering. These first motions are plotted in 
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<NETWORK Sta;BLSP Inst: DatatBB Euant:97141225iA 



<NETUORK StatBHPL Inst: Data:BB Euent:9714122B1A 

21MAYi997 752122bb.bhz BHOPAL 




Figure 5 The initial 30 s portion of broad band ground velocity waveforms of Bilaspur, Bhopal and Ajmer have been filtered with low fro 
quency pLs filter with cut at 2 Hz. The sPn may be seen in the filtered waveforms. 
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Figure 6. Fault plane solution is shown in an equal area projection 
of the lower half of the focal sphere. Circles show compression and 
triangles show dilatation of the first motion of P waves. 


an equal area projection of the lower half of focal sphere 
(Figure 6). To evaluate the mechanism, the amplitudes 
of P wave at the upgraded observatories have also been 
used. The solutions thus obtained are as follows. 

Double couple solution: 

NPl strike 80°, dip 66°, slip 66° 

NP2 strike 307°, dip 33°, slip 133° 

Principal axis 

Tplg. 66°, Az. 317° 

N pig. 29°, Az. 90° 

Pplg. 26°, Azl87° 

This is a thrust type fault with some left lateral strike 
slip component. The major axis of isoseismals based on 
field observation (personal communication with GSI) 
also nearly agrees with the above strike direction of 
nodal plane 1 (NPl). The earthquake appears to be as¬ 
sociated with the Son Narmada South fault, whose dip 
(personal communication with GSI) closely agrees with 
that of the fault plane solution. A three-dimensional 
view of fault plane solution has been shown in Figure 7. 

Moment, fault area, stress drop and average 
dislocation 

Estimates of seismic moment Mq, source radius r and 
stress drop are obtained from amplitude spectra of S 
wave using Brune’s"''^ model on a circular fault. The 
seismic moment is given by 



Figure 7. Three-dimensional view of the fault plane solution. The 
figure shows that southern block (Mandla district side) has moved 
upward at an angle 66° with the horizontal direction. 


(3) 

^e<p 

where Aq is the low frequency spectral amplitude of S 
wave, R is hypocentral distance, the radiation pat¬ 
tern of S wave, the S wave velocity at the source and 
p, density at the source. 

Following Fletcher^^ we have considered 
which takes care of free surface amplification and aver¬ 
age contribution of components. Corner frequency /c is 
the frequency at which the low frequency and high fre¬ 
quency asymptotes of amplitude spectra intersect. The 
corner frequency/c gives the radius of circular fault r as 

2.34/? 

2jr/c 

Following the studies conducted in Indian Peninsula 
(Table 1), ^3 = 3.92 km/s and p = 3.0 glcw? have been 
considered. 

However, amplitude spectra are attenuated with dis¬ 
tance due to (1) geometrical spreading and (2) internal 
friction. Geometrical spreading causes decrease of am¬ 
plitude spectra as l/R with hypocentral distance R, For 
estimating attenuation due to internal friction, it is seen 
that Bhopal and Bhuj are nearly in the same direction 
from the epicentre. When ratio of amplitude spectra of 
Bhopal and Bhuj is plotted against frequency both for 
radial and transverse component, it is seen that the at¬ 
tenuation is mainly due to geometrical spreading and the 
attenuation due to internal friction can be neglected. 
Recording of S wave in the Indian Peninsula with little 
attenuation has also been seen earlier*"^. A factor R has 
already been considered in equation (3) to take care of 
geometrical spreading. 

Figure 8 shows the displacement waveforms of 
Bokaro obtained by integration of corresponding veloc¬ 
ity record. The figure also shows the displacement am- 
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1 . ^ A vprHnI radial and transverse displacement waveforms of Bokaro obtained by integration 

Figure 8. Top three traces jertic. , displacement amplitude spectra of S wave in the 

of corresponding velocity waveforms. T «_ ^ S and high frequency amplitude spectra have been 
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Table 2. Results of determination of seismic moment Mo and radius of circular fault 



Epicentral 


A,) 

Mn, 10*“ 

u 

r 

Station 

distance (km) 

Component 

cm.s 

dyne.cm 

hz 

km 

Bilaspur 

237 

Radial 

0.060 

zni 

0.63 

2.32 


Transverse 

0.070 

4.39 

0.85 

1.72 

Bhopal 

271 

Radial 

0.080 

5.85 

0.40 

3.65 


Transverse 

0.090 

6.58 

0.45 

3.25 

Bokaro 

600 

Radial 

0.030 

4.77 

0.57 

2.56 



Transverse 

0.040 

6.36 

0.55 

2.66 

Ajmer 

665 

Radial 

0.025 

4.45 

0.36 

4.06 


Transverse 

0.030 

5.34 

0.60 

2.43 

Visakhapatnam 

684 

Radial 

0.040 

7.30 

0.47 

3.1 1 



Transverse 

0.030 

5.47 

0.50 

2.92 

Pune 

820 

Radial 

0.019 

4.18 

0.40 

3.65 



Transverse 

0.028 

6.15 

0.46 

3.18 

Karad 

886 

Radial 

0.020 

4.75 

0.40 

3.65 



Transverse 

0.020 

4.75 

0.34 

4.30 

Bhuj 

1066 

Radial 

0.020 

5.70 

0.40 

3.65 



Transverse 

0.025 

7.13 

0.38 

3.84 


Average Mo = 5.43 x 10^"^ dyne.cm. 
Average r = 3.18 km 


plitude spectra of S wave both for radial component and 
transverse component. The results of Mq and r from 
Bokaro have been indicated in the figure. Similar results 
have been obtained from seven other observatories 
close to the hypocentre and are given in Table 2. The 
average value of seismic moment and radius of fault are 
respectively 

Mo = 5.4 X 10^"^ dynexm, 
r = 3.2 km. 

Thus, fault area = Jtr^ = 31.85 km^. 

We know stress drop Act is given by 


and with above values of Mq and r we get 
Aa =68 bar. 

The stress drop for a interplate earthquake lies around 
30 bar while for a intraplate earthquake it lies around 
100 bar\ The stress drop obtained here lies close to av¬ 
erage stress drop of the two types of earthquakes. 

The moment magnitude is given by 

Mv, = (logA/o--16)/1.5 = 5.8. 

Further, Mq = radius of rigidity x fault area x average 
dislocation. 

Now modulus of rigidity = p/3^ and values of p and /3 
have been described above. Thus the above formula gives 

average dislocation = 37 cm. 
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Discussions 

The epicentral location (Figure 1) and the fault plane 
solution (Figure 7) indicate that the .Tabalpur earthquake 
of 22 May 1997 is associated with Narmada Son South 
fault. The focal depth was found to be 35 km which 
shows that the hypocenter is in the lower crust close to 
crust mantle boundary. As per the Bulletin of the Inter¬ 
national Seisniological Centre, other moderate earth¬ 
quakes in the neighbouring peninsular India such as 
Ongle earthquake (15°.62N, 80°.16E) had a focal depth 
15 km and Bhadrachalam earthquake (17°.8IN, 80°.67E) 
had a focal depth 25 km which was found as 14 km by 
Biswas and Majumdar^'^ on recomputation; Latur earth¬ 
quake (18°.07N, 76°.62E) had a focal depth of 12 km 
(ref. 16). Further, the earthquakes in the western coast 
of the Peninsula have normally focal depth less than 
10 km. Thus the present earthquake is relatively at 
deeper depth than other earthquakes of the Peninsular 
India occurring during recent years. This shows that the 
Narmada Son South fault, with which this earthquake is 
associated, goes deep into the crust close to crust- 
mantle boundary. The deep nature of both North and 
South Narmada Son faults is indicated by the presence 
of ultrabasic and alkaline intrusives along these faultsV 
The faults have been inferred as fundamental faults in 
the crust since they created volcanism and deposits of 
Mahakoshal group. 

The dip of the fault plane, which is on Son Narmada 
South fault, has been seen as 66° towards south. It has 
been seen that the Son Narmada North fault is of thrust 
type and is heading towards South due to which Ma¬ 
hakoshal Group of rocks are seen overriding the 
Vindhyan rocks. In Jabalpur-Katni section, the inverted 
Vindhyan rocks near the fault Zone have 70° to 80° dip 
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towards south. The fault plane solution also shows that 
Son Narmada South fault has similar feature as that of 
the North fault. 

The principal axis of thrust faulting of Jabalpur earth¬ 
quake of 22 May 1997 is found nearly along N-S direc¬ 
tion. The Latur earthquake of 29 September 1997 was 
also thrust type with pressure axis along NNE-SSW^*^. 
Biswas and Majumder’'*' found predominance of 
thrust faulting with more or less N-S pressure axis for 
earthquakes in the intraplate region of Bay of 
Bengal and adjoining Indian Peninsula. Thus N-S com¬ 
pression is more prevalent in this region resulting from 
collisional resistance^^ to North-moving Indian plate by 
the Eurasian plate at the Himalaya where subduction of 
Indian Lithosphere in the mantle has ceased now^^. 
This has caused the stress to transmit thousands of kilo¬ 
metres towards south. This has further caused the 
Indian Peninsula and adjoining Bay of Bengal to un¬ 
dergo N-S compressive deformation and to become 
seismic. 

Conclusions 

Data from observatories spread in India have been used 
to locate the hypocentre and determine the focal 
mechanism. The broadband seismographs installed at 10 
upgraded observatories have improved the location of 
the hypocentre, particularly its focal depth using depth 
phase sPn. The directions of P wave of all available ob¬ 
servatories as well as P wave amplitude of upgraded 
observatories have shown the focal mechanism of the 
Jabalpur earthquake as thrust type with some strike slip 
component. The amplitude spectra of S waves recorded 
at upgraded observatories have given stress drop as 68 
bars and average slip dislocation as 37 cm. Thus with 
the use of digital broadband seismographs in upgraded 


observatories, evaluations of a larger number of source 
parameters have been possible. 

1. Chandra, U., Bull. Seismol. Sue. Am., 1977, 67, 1387-1413. 

2. Johnston, A. C. and Kantar, L. R., Sci Am., 1990, 262, 68-75. 

3. Taiwan!, P. and Rajendran, K,, Tectonophysics, 1991, 186, 19- 
41. 

4. Kanamori, H. and Anderson, D. L., Bull. Seismol.' Sac. Am., 
1975,65, 1073-1095. 

5. Johnston, A. C. and Metzer, A. G., Tennessee Earthquake Inf. 
Cent,, 1986, Special report 86-1, I/II. 

6. Jain, S. C., Nair, K. K. K. and Yedekar, D. B, Project Cruman- 
sonata, GSI special publication 10, 1995, pp. 1-154. 

7. Lienert, B. R. and Havskov, J., Seismol. Res. Lett., 1995, 66, 
No. 5, 26-36. 

8. Dube, R. K., Bhayana, J. C. and Chaudhury, H. M., Pure Appl. 
Geophys., 1979, 109, 1718-1727. 

9. Bhattacharya, S. N., Bull. Seismol. Soc. Am., 1981, 71, 1489- 
1501. 

10. Zonno, G. and Kind, R., Bull. Seismol. Soc. Am., 1984, 74, 
1645-1659. 

11. Brune, J. N., J. Geophys. Res., 1970, 75, 4997-5009. 

12. Brune, J. N., J. Geophys. Res., 1971,76, 5002. 

13. Fletcher, J. B., Bull. Seismol. Soc. Am., 1980, 70, 735-155. 

14. Tandon, A. N. and Chaudhury, H. M., India Meteorological 
Department, Scientific Report, no. 59, 1968. 

15. Biswas, S. and Majumdar, R. K., Tectanophysics, 1997, 269, 
323-336. 

16. India Meteorological Dept., Latur earthquake of 30 September 
1993 and its Aftershocks, A consolidated document, 1994, 
pp 1-37. 

17. Richardson, R. M., 7. Geophys. Res., 1992, 97, 1 1739-11748. 


ACKNOWLEDGEMENTS. We are grateful to Dr V. S. Rama- 
murthy. Secretary, DST and Dr N. Sen Roy, Director General of 
Meteorology for their encouragement. We thank Dr S. K, Srivastava, 
ADGM for helpful discussions. We are also grateful to Shri H. N. 
Srivastava, ADGM (retd.) for going through the manuscript and for 
his suggested improvements. 


Received 25 June 1997; revised accepted 14 October 1997. 


CURRENT SCIENCE, VOL. 73, NO. 10, 25 NOVEMBER 1997 


863 



RESEARCH COMMUNICATIONS 


Are chaotic particle trajectories 
fractals? 

Binson Joseph 

CSIR Centre for Mathematical Modelling and Computer Simulation, 
Bangalore 560 037, India 

It is shown that chaotic particle trajectories in a 
simple model of two superposed internal inertia- 
gravity waves may come under the class of natural 
fractals. The fractal dimension is estimated to lie be¬ 
tween 1.2 and 1.5, depending on the strength of the 
perturbation forcing introduced by the second wave. 
The significance of the present result is that fractal 
scaling behaviour of particle paths may arise even 
before the Eulerian flow becomes turbulent. Impli¬ 
cations of the results are discussed from theoretical 
and experimental viewpoints, 

Mandelbrot’ raises the question whether or not the 
transition to turbulence in fluids can be associated with 
the circumstances under which the fluid particle trajec¬ 
tory is a fractal. Richardson^ was also intrigued about 
whether it would become necessary to describe the po¬ 
sition of an air particle in the atmosphere by something 
rather like Weierstrass’s continuous, nondifferentiable 
function. In the last decade, it was appreciated that en¬ 
hanced mixing, which is reminiscent of a symptom of 
Eulerian turbulence, could arise in simple and regular 
(i.e. non-turbulent in the Eulerian sense) fluid flows 
purely through dynamical chaos which arises in nonlin¬ 
ear systems'*’'’. This phenomenon is now widely known 
as ‘chaotic advection’ or ‘Lagrangian turbulence’. We 
investigate whether chaotic fluid particle trajectories in 
Lagrangian turbulence exhibit fractal scaling behaviour. 
Our study is motivated by an experimental indication 
from oceanography that the Lagrangian trajectories of 
ocean drifters placed in the surface layer of the 
Kuroshio extension display a fractal dimension of ap¬ 
proximately 1.3, within a range of space and time scales 
usually attributed to geophysical fluid dynamical turbu¬ 
lence^. 

Let us briefly mention the idea of chaotic advection. 
Suppose that there is a given velocity field V(X, t) in 
an incompressible fluid at position X at time f, this so¬ 
lution of the Eulerian equations having been already 
obtained. The equations for the Lagrangian motion of 
passive fluid particles in an incompressible fluid are of 
the form 

— = V(X,f). (1) 

dt 

where V • V = 0 and X e In general, V in eq. (1) is 
a nonlinear function of X and t. Our present understand- 
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ing of the theory of dynamical systems suggests that 
solutions to equations of the form (1), if effectively de¬ 
fined in may typically exhibit chaos which is charac¬ 
terized by exponential divergence of nearby trajectories. 
This is true even for time-periodic, two-dimensional 
(2D) flows and spatially-periodic steady three- 
dimensional (3D) flows. 

A fractal is a geometrical object whose shape is ir¬ 
regular and/or fragmented at all scales. Mathematically, 
a fractal is defined as a set for which the Hausdorff- 
Besicovitch dimension (or fractal dimension D) strictly 
exceeds the topological dimension Dt which is 
always an integer’. The value of D for a fractal curve 
which lies on a 2D surface lies between the value of Dj 
for the curve (which is one) and the dimension of the 
surface (which is two). A basic characteristic of fractal 
curves is their ‘scaling’ behaviour. Scaling implies that 
every part of the curve is in some sense a reduced ver¬ 
sion of the whole curve. We defer the discussion of the 
method to obtain scaling laws to the next section. At this 
point, it is also necessary to distinguish between 
‘mathematical’ fractals as opposed to ‘natural’ fractals. 
In the study of mathematical fractals, the scaling prop¬ 
erties are assumed to hold good on the entire spectrum 
of time or space scales. In the case of natural fractals, 
which are encountered in nature and are of primary con¬ 
cern in this study, small- and large-scale constraints 
usually confine the scaling properties to a finite range of 
scales. 

The model system used in this study is an idealized 
flow induced by two superposed, vertically trapped, in¬ 
ternal inertia-gravity waves (IGWs) in the atmosphere 
which was shown in an earlier paper by Joseph^ to ex¬ 
hibit chaotic particle paths. In that study, linearized so¬ 
lutions for vertically trapped, horizontally propagating 
IGWs were obtained for a continuously stratified, in¬ 
compressible, inviscid, isentropic and rotating fluid, 
with uniform buoyancy frequency (see ref. 7 for expla¬ 
nations). The basic state was one of a motionless fluid in 
hydrostatic equilibrium. The velocity field correspond¬ 
ing to a single IGW was found to be incapable of pro¬ 
ducing chaotic particle paths. However, when two IGWs 
with different wave numbers were superposed, numeri¬ 
cal evidence suggested that the resulting velocity field 
was sufficient to.produce chaotic particle paths in some 
regions of the flow domain. Let us denote the super¬ 
posed velocity field in the form 

V(X, 0 = Vi(X, t) + fiV2(X, t), (2) 

where the subscripts 1 and 2 correspond to the first and 
second wave, respectively, and e is a parameter denoting 
the strength of the perturbation forcing introduced by 
the second wave. After making a Galilean-type trans¬ 
formation to reduce the propagating waves to rest, the 
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advection equations governing the fluid particle trajec¬ 
tories are of the form 

— = (A, cos ;i: -t- B, cos y -t- C, sin y) cos z - A. 
df 

= (A 2 cos _y B 2 cos X -h C 2 sin x) cosz - A. 
dr 

H 7 

— = (y4^sinx + B3sin}')smz. 
df 

For the expressions of the subscripted coefficients A, B, 
C, D, and values of parameters, typical of the Earth’s 
atmosphere, used in this study, the reader may refer to 
ref. 6. The first and second waves have periods nearly 
3 h and 7 h, respectively. 

For a given initial condition (xo, >’o> Zo) at f = to, we 
solve eq. (3) to get the particle’s position for any t > to 
which constitute the trajectory of the particle parameter¬ 
ized in time. Since the wave is trapped in the vertical 
direction, our primary concern is with the two time- 
series corresponding to the x and y coordinates of the 
particle’s position. A common procedure to determine 
the fractal scaling behaviour is based on considering the 
average absolute displacements in x and y directions, 
{AxikAt)) = (lx(r + kAt)) - x(r)l> and (Ay(/cAf)) = 
(ly(r + Mr) - y(f)l) where () denotes an appropriate 
time-average for each k, the vertical bars indicate abso¬ 
lute values, and the delay time Mr is an integer multiple 
of the sampling time At (ref. 5). If 

(Ax(Mr)) = k"^ (Ax(Af)), 

(4) 

(Ay(Mr)) = k'^y (Ay(Ar)), 

where the equality is in the sense of distributions, then 
the time-series of particle’s positions are scaling func¬ 
tions. Then, x(r) and y(f) are said to be self-affine, sim¬ 
ple (or mono) fractal signals with scaling exponents Ac 
and Hy in x and y directions, respectively. For this case, 
the graphs of (Ax(Mf)) and (AyfMr)) versus k fall on 
straight lines on a double logarithmic plot. The slope of this 
line gives the value of the scaling exponent H. For self¬ 
similar, isotropic monofractal curves, the scaling exponents 
are the same (i.e. At — ^y)- For self-similar monofractals on 
a 2D surface, the fractal dimension is given by 

D = min[l/A2]. (5) 

Hence for 0 <//< 1, the particle trajectory is a simple 
fractal curve such that 1 < D £ 2. Pure Brownian motion 
corresponds to H = 1/2. For any other value of A the 
motion is called fractional Brownian motion (fBm) . 
The trace of an fBm is a nonstationary process and the 
degree of nonstationarity depends on the value of H (ref. 
S,). As H increases, the dependence of the position at a 
given instant on the position in the past also increases. 
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Figure 1. Time-series of particle’s x and y coordinates, when 
s = 0.5. a, the original time-series, b, the detrended time-series. 


In addition, the departure from the origin increases. 
Thus, in effect the exploration of a given area decreases, 
and the particle leaves the area sooner and the trace of 
the motion becomes smoother. 

First, we will present the results for a typical value of 
£(:= 0.5), which was found to exhibit chaotic particle 
paths in ref. 6. The sampling time-interval (At) for the 
trajectory is 2000 s. Figure 1 a shows the x and y coor¬ 
dinates of particle’s position as function of time, ob¬ 
tained by solving eq. (1), with initial position at (0, 0, 
0.2), using a Runge-Kutta method^. The motion of the 
particle has been described in ref. 6 as a combination of 
trapped helical and untrapped undulatory motions. Our 
analysis is applied on the detrended time-series of par¬ 
ticle’s position which is presented in Figure l b. The 
removal of trend implies that we are studying the fluid 
particle motions about the rectilinear trajectory gener¬ 
ated by a constant mean flow. The scaling behaviour, in 
both X and y directions, is evident from Figure 2 a for a 
range of k from about 2 to 200, which corresponds to a 
time ranging from about 1 h to 4.6 days. The scaling 
behaviour is strikingly similar in both x and y. This may 
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Figure 2. Plot of (Ax(kAt)) and (AyikAi)) versus k in double loga¬ 
rithmic axes, for (a) s = 0.5; (b) £ = b,3; (c) e = 0.7. 


be reflecting the fact that the anisotropy introduced by 
the rotation of the Earth is not strong enough to induce 
significant differences in the scaling behaviour for the 
zonal and meridional directions for the present model 
system. The values of the scaling exponents obtained are 
= 0.746 ± 0.006 and 7/^. = 0.779 ± 0.005, where the 
indicated uncertainties are the statistical errors of the 
least square fits to the slopes estimated as the least- 
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Figure 3. a. Plot of the fractal dimension {D) versus the perturba¬ 
tion forcing parameter (s). h. Plot of scaling range as a function of 
the perturbation forcing parameter (e). 

squares 95% confidence limits on the individual values 
of the slope. The average of the scaling exponents in ^ 
and y direction is approximately 0.76 which gives the 
fractal dimension (D) as 1.32 from eq. (5). This result 
indicates that the motion of the particle corresponds to 
an fBm and the trajectory samples only a portion of the 
x-y plane that is accessible to it. 

Next, we examine whether any quantitative change 
occurs if the value of e is varied. Results of a similar 
analysis, when e - 0.3 and e - 0.7, are presented in Fig¬ 
ure 2 b, c, respectively. A linear slope is evident, in both 
cases, for k ranging from about 2 to 500 (which in real 
time is from about 1 h to 12 days). The values of and 
Hy, when s = 0.3, are 0.748 ± 0.003 and 0.760 ± 0.003, 
respectively. An average value of H about 0.75 gives the 
value of D to be 1.33. For the case when £ = 0.7, we 
obtain the values of and Hy as 0.801 ±0.003 and 
0.798 ± 0.003, respectively. Now, the average of the 
scaling exponents is 0.80 which results in a fractal di¬ 
mension of 1.25. The variation of D for different values 
of e is presented in Figure 3 a. For the initial condition 
chosen in this study, the trajectory becomes chaotic only 
when £ is increased to about 0.3. We notice that there is 
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no monotonic dependence of D on s. The values of D lie 
between 1.2 and 1.5. In Figure 3 b, the range over which 
the scaling behaviour holds is shown as a function of s. 
The lower cut-off is at 1 h for all the cases. The scaling 
range shows a threshold minimum for intermediate val¬ 
ues of e. A deterministic explanation for the variation of 
D and the scaling range might exist, but, it is not clear to 
us at the moment. The interesting aspect ot this work is 
the indication that fractal scaling behaviour of fluid par¬ 
ticle trajectories may occur even before the Eulerian 
flow becomes turbulent. Wave motions are ubiquitous in 
many branches of fluid dynamics. Even though our work 
is a case study of IGWs, it is likely that similar results 
could be found in different flow scenarios if the flow 
fields are topologically equivalent. 

Be that it may, we need to address the theoretical and 
experimental implications of fractal scaling behaviour of 
chaotic trajectories in fluid flows. In contrast to the gen¬ 
eral practice in the study of nonlinear dynamical sys¬ 
tems, where the emphasis is on a higher dimensional 
phase space (of Fourier modes), the present results are 
obtained in the physical space of spatial variables. From 
an experimental viewpoint, the determination of D in the 
phase space is extremely difficult, whereas it is more 
definitive in the physical space. The fundamental issue 
here is whether given the fractal scaling behaviour can 
we infer about the dynamical processes responsible for 
the generation of this fractal behaviour? Unfortunately, 
there is no clear answer to this question because by re¬ 
stricting attention to the physical space rather than the 
phase space, it is usually not possible to deduce dynami¬ 
cal models uniquely. 

In the context of dissipative systems, the fractal di¬ 
mension of chaotic trajectories may be interpreted as an 
estimate of the dimension of the chaotic attractor to 
which the trajectory asymptotically approach and a 
small value of D indicates that the underlying dynamics 
is that of a low-order dynamical system. But, for incom¬ 
pressible fluid flows such as the model considered in 
this study, there cannot be any attractors and the above 
interpretation is not generally valid. However, it may be 
noted that the present model velocity field is horizon¬ 
tally divergent and this may contribute to the fractal 
nature of trajectories observed on the x-y plane. Ben- 
netin et has pointed out that an apparent fractal 
dimension which is smaller than the available phase 
space dimension can occur in Hamiltonian systems as a 
transient phenomenon. It is likely that this transient 
process also contributes to the value of D observed in 
the present study. Again, a small value of D for an ex¬ 
perimentally observed trajectory does not, by itsell, un¬ 
ambiguously identify that the underlying dynamics 
(Eulerian) is that of a low-order system. For example, a 
nonlinear Hamiltonian model simulating 2D turbulence 
(thus, includes a large number of wave-components) can 
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also result in small values of D (nearly 4/3) as shown by 
Osborne and Caponio^^ Given an experimentally ob¬ 
served trajectory, following a method described by 
Brown and Smith*^, it is possible to obtain the fraction 
of energy contained on average in the n largest modes as 
a function of n from the spectrum of the trajectory co- 
variance matrix. The application of this method to sub¬ 
merged float trajectories in the North Atlantic Ocean 
suggested that the underlying dynamics is that of a low- 
order system. However, differences between float, 2- 
mode, 32-mode, and random-walk simulated trajectory 
results were found to be very small. Therefore, what one 
could say is that simple dynamical models could be 
constructed in such a way that their outcome is statisti¬ 
cally the same, up to some level of approximation, as 
the measured results. The present situation is similar to 
a problem encountered in the study of turbulence. There 
is experimental evidence to suggest that several aspects 
of fully-developed turbulence (such as interfaces, con¬ 
stant-property surfaces, dissipative structures, etc.) are 
fractalsIt is not clear how, given the fractal dimen¬ 
sions of several of its facets, one can solve the inverse 
problem of reconstructing the turbulent flow itself. The 
fact that certain experimental data exhibit Iractal scaling 
properties over a finite range of scales is an important 
result. It is likely that the basic dynamical processes 
active in the flow are responsible for the scaling range. 
It is a major challenge for future theoretical and experi¬ 
mental studies to relate the fractal properties to the ac¬ 
tual dynamical processes and to explore the origin ot the 
finiteness of the scaling range. 

The mathematical notion of fractal dimension in 
physical space is useful in the context of certain practi¬ 
cally important physical processes such as mixing and 
transport in fluid flows. Mixing in real flows is gov¬ 
erned by an interplay between advective transport by the 
velocity field and molecular diffusion. For short times of 
practical interest, advection usually dominates the trans¬ 
port process. Transport in fluid flows is often character¬ 
ized by the variance of the displacement of a particle 
distribution given by 

0^(0= lim ((x(f) - {x{t))f )~f. 

Enhanced normal (or Brownian) diffusion (y = 1) results 
from particle trajectories which, like the Brownian mo¬ 
tion, can be treated as a random walk, but with signifi¬ 
cantly enhanced transport rates. Random walk prediction 
with a finite second moment gives normal diffusive 
transport, by the Central Limit Theorem. However, 
transport in several flows with both persistent vortices 
and coherent jets is reported to be ‘anomalous’ (with 
y > 1) in experiments^as well as in simple 2D models 
of chaotic advection^^"?^. Anomalous diffusion results 
from a competition between sticking events inside or 
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near persistent vortices and long distance flight events 
in the jet regions. Levy random walk models, character¬ 
ized by power law probability distribution functions for 
flight lengths and times, lead to transport process which 
is superdiffusive with y> 1 (refs 21-23). Levy flights 
have the interesting property that the mean square dis¬ 
placement per step diverges and the set of sites visited 
by the walk is a fractal^"^. Hence, experimental observa¬ 
tion of fractal particle trajectories gives an indication 
that the transport process may be of the anomalous type. 
It is worthwhile to note here that weakly turbulent flow 
in rotating annulus experiments by Weeks et re¬ 
sulted in normal diffusion. Pasmanter^^ also showed that 
it is only in the limit that the chaotic region occupies all 
the space, transport is of the Brownian type. Then, 
chaotic paths can cover all the available space and D 
would approach 2. Moreover, it is reported in ref. 16 
that theoretical prediction by 1. Mezic and S. Wiggins 
(unpublished) for turbulent flows is also normal diffu¬ 
sion (at time scales large compared to the eddy turnover 
times). If the above results are generally valid, the ex¬ 
perimental observations of fractal trajectories have a 
wider implication for our understanding about transport 
phenomena in fluid flows. A fractal dimension less than 
2 may indicate that transport is mainly due to advective 
chaos in a non-turbulent flow field in which regular and 
chaotic regions coexist to produce sticking and flight 
events. In contrast, a fractal dimension of 2 (typical of 
Brownian motion) in a planar flow may suggest that the 
flow is either uniformly chaotic or is approaching a tur¬ 
bulent regime. The above scenario, in which advective 
chaos plays the role of a transitional regime, also pro¬ 
vides a smooth variation for D from 1 (in laminar re¬ 
gime) to 2 (in turbulent regime) as plausibly demanded 
by continuity requirements. 

A close analogy to the above heuristic arguments 
holds good for the model system considered in this 
study as well. In ref. 6, it was shown that chaotic trajec¬ 
tories undergo a combination of trapped helical motions 
in the vicinity of regular toroidal region and long dis¬ 
tance jumps in an open undulatory flow region. By re¬ 
leasing clouds of particles in the chaotic region, 
transport was found to be anomalous with y ranging 
from about 1.6 to 2.7, depending on the value of the 
perturbation forcing parameter s and the initial position 
of the cloud release. However, a direct comparison with 
theoretical predictions is premature at the moment. For 
this, Levy random walks need to be generalized for 
higher dimensional embedding space taking into account 
the anisotropy introduced by stratification and rotation 


which are avenues for future work. It is anticipated that 
the study of Levy walks will become more and more 
important in the coming years for a better understanding 
of transport phenomena in geophysical flows. 
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Seed abortion in an animal dispersed 
species, Syzygium cuminii (L.) Skeels 
(Myrtaceae): The chemical basis 

K. S. Krishnamurthy*^ R. Uma Shaanker* and 
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Calicut 673 012, India 

In Syzygium cuminii^ an animal dispersed species, 
invariably only one of the 30 ovules develops to ma¬ 
turity. Arathi^ and Arathi et al} hypothesized that 
the abortion could be mediated by an intense intra¬ 
fruit sibling rivalry to gain dispersal advantage. 
They showed that aqueous extract of dominant seeds 
causes the abortion of healthy subordinate seeds 
while extracts of maternal tissue such as fruit coat 
tissue do not. In this paper, we show that the abor¬ 
tion is caused by the inhibition of resource uptake by 
the subordinate seeds. Extracts of the dominant seeds 
significantly inhibited the uptake of radioisotope la¬ 
belled sucrose by healthy subject seeds, when com¬ 
pared to extracts from maternal tissue (fruit coat 
tissue) and unfertilized ovules. Inhibition was also 
caused by the diffusates from the dominant seeds. 
Thin layer chromatography and indirect ELISA in¬ 
dicated the presence of indole compounds in the dif- 
fusate. HPLC analysis indicated the presence of a 
single retention peak in the diffusate with a substan¬ 
tial overlap with that of indoleacetic acid and con¬ 
tained most of the functional chemical causing the 
abortion. We propose that the chemical involved in 
the abortion of seeds might be a small molecular 
weight, highly diffusible indole compound. 

INTRA-FRUIT seed abortion is a widespread phenomenon 
in plantsSeveral proximate causes of seed abortion 
have been proposed based on resource limitation , 
lack of pollination and fertilization'^ and developmen¬ 
tal lethals'-^^’^^. However, these explanations do not 
satisfactorily explain the consistent patterns of seed 
abortion observed in several species over locations and 
seasons*”*’’nor do they explain several ecologi¬ 
cal correlates of seed abortion such as that with the disper¬ 
sal mode of the species, breeding systems, habit, etc. *. 

Ganeshaiah and Uma Shaanker"* and Uma Shaanker 
et al.^ proposed that seed abortion can be viewed as a 
consequence of intra-lruit competition among the devel¬ 
oping sibs to maximize their fitness. Thus in species in 
which the fruits are dispersed as entire units through 
wind, water or animals, siblings would be selected to 
kill others and be the lone survivor to gain dispersal 
advantage through increased wing loading** ’ or, 


high pulp to seed mass ratioThey showed that 
this view is consistent with several patterns of seed 
abortion observed, as well as with the ecological corre¬ 
lates of seed abortion. 

Recently, a few studies have addressed the physio¬ 
logical and biochemical basis of such intra-fruit sibling 
rivalry*Ganeshaiah and Uma Shaanker"* and 
Mohan Raju et showed that in a wind-dispersed 
species Dalhergia sissoo, where predominantly only one 
of the four or five ovules develops to maturity, the 
dominant among the seeds produces a chemical which 
kills the rest of the subordinate seeds. A similar mecha¬ 
nism of seed abortion has recently been reported in the 
animal-dispersed species, Syzygium cuminii, where only 
one out of 30 ovules develops to maturityHere we 
explore the underlying mechanism of seed abortion in 
Syzygium cuminii and investigate the nature ol chemical 
interaction between the dominant and subordinate seeds. 

Syzygium cuminii (L.) Skeels (Mrytaceae), an animal 
dispersed species, is widely distributed in India and is 
mostly grown for its timber and lor its fleshy berries. 
The tree bears flowers on cymose inflorescence during 
May and August. Of the 25 to 30 ovules in the flower, 
only one develops to maturity. The study was conducted 
using trees in the Botanical Garden, University of Agri¬ 
cultural Sciences, GKVK Campus, Bangalore, India, 
during 1991-1993. 

Eight to ten days after fertilization, about four to eight 
of 30 ovules grow distinctly larger than others. These 
are called ‘dominant seeds’. A dominance hierarchy is 
also observed among these developing seeds and the 
most dominant among them eventually matures into a 
seed. The remaining smaller seeds, which we refer to as 
‘subordinate’ seeds gradually get sclerotized in about 10 
days and are called ‘aborted seeds’. Young seeds two to 
three days after fertilization, when dominance hierarchy 
has not been yet visibly set in, were used as ‘subject 
seeds’ in assay experiments. We use the term seeds for 
ovules, because these are fertilized and have developing 
embryos in them. 

Equal quantities (3.0 mg fresh weight) of dominant 
and aborted seeds and of fruit coat tissue (of one-v/eek 
old fruits as control) were ground separately in 5 mM 
MES (morpholinoethane sulfonic acid) buffer (pH 6.5) 
and then transferred to eppendorf tubes and centrifuged 
at 5000 rpm for 10 minutes. The extract was made up to 
a known volume and 10 pi of it was dispensed into clean 
cavity slides. Twenty subject seeds from one or two-day 
old fruits were transferred to each cavity slide and incu¬ 
bated at 70% relative humidity and at 30°C for 6 h. A 
control wherein subject seeds were incubated in 10 pi of 
the buffer was also maintained. After 6 h, 10 pi of 
25 pCi *‘*C-Iabelled sucrose (uniformly labelled sucrose 
obtained from BARG, Bombay; specific activity 
65 mCi/mmole) was added to each of the cavity slides 
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and the subject seeds incubated. After 12 h, the seeds 
were removed and thoroughly washed in several changes 
of distilled water until there was no radioactivity in the 
bathing medium. The seeds were then ground in 2.0 ml of 
Bray’s solution^^’^^, and their radioactivity measured using a 
liquid scintillation counter and expressed as counts per mi¬ 
nute (cpm) per seed or per mg fresh weight. 

Equal quantities (3.0 mg fresh weight) of dominant 
and aborted seeds and of fruit coat tissue were incubated 
in a known volume of double distilled water for 12 h. 
The diffusate was collected by centrifuging the contents 
in eppendorf tubes at 5000 rpm for 5 minutes and the 
volume made up to 40 pi using 5 mM MES buffer (pH 
6.5). The diffusates thus collected were assayed for their 
effect on the uptake of labelled sucrose by the subject 
seeds as described in the earlier experiment. 

For thin layer chromatography (TLC) analysis, dif¬ 
fusate from 100 dominant seeds was collected in 50 pi 
of double distilled water. 20 pi of the sample was used 
for spotting in silica gel TLC. Standards used were 
tryptophan, phenylalanine, indole, indoleacetic acid, 
indole acetonitrile and tyrosine. The solvent system used 
was isopropanol:ammonia:water in the ratio of 8:1:1. 
After the solvent was run for about 4/5th of the plate, 
they were allowed to dry in an oven at 60°C and were 
sprayed with 0.05 M FeCl 3 : 5 per cent perchloric acid 
mixture. The colour developed in the sample as well as 
the relative flow (Rf) values were compared with that of 
the standards. 

For high performance liquid chromatography (HPLC) 
analysis, diffusates obtained from the dominant seeds 
were subjected to HPLC analysis set at a wavelength of 
280 nm at which indole compounds are detected. 20 pi 
of the diffusate (collected from 80 dominant seeds) was 
loaded on a HPLC column (Water Associates, liquid 
chromatograph model 440) containing silica gel as sepa¬ 
rating material and eluted using a solvent mixture ot 
methanol, acetic acid and water in the proportion of 
30:1:69 parts respectively^^. Standard lAA was run for 
comparison and the peak retention time was recorded. 
C-18 reverse phase column was used for lAA detection. 


Table 1. Effect of extracts of dominant and aborted seeds, fruit coat 
tissue and unfertilized ovules on the uptake of labelled sucrose by 
subject seeds 


Treatment 

Absolute uptake 
(cpm/ovule) 

% inhibition over 
control 

Control 

312.5 ±34.5“ 


Dominant seeds 

124.3 ±21.4“ 

58.7 

Aborted seeds 

172.3 ±32.5** 

43.7 

Fruit coat tissue 

204.3 ± 24.5“ 

34.0 

Unfertilized ovule 

243.4 ± K.e*’ 

18.0 


Two-way ANOVA; P<0.01; Critical difference at 5% = 34. Each 
value is a mean of three replicates and in each replicate at least 20 
subject seeds were maintained. Means followed with dissimilar su¬ 
perscripts are significantly different from each other. 


Table 2. Effect of diffusates from dominant and aborted seeds and 
fruit coat tissue on the uptake of labelled sucrose by subject seeds 


Treatment 

Absolute uptake 
(cpm/ovule) 

% inhibition over 
control 

Control 

141.73 ±4.86" 

- 

Diffusates from 
dominant seeds 

43.05 ± 2.41** 

69.6 

Diffusates from 
aborted seeds 

118.85 ±6.33*' 

16.1 

Diffusates from 
fruit coat tissue 

88.25 ± 4.4“ 

37.7 


Two-way ANOVA; E< 0.0001; Critical difference at 5% =15.62. 
Each value is a mean of three replicates each containing at least 20 
subject seeds. Superscripts represent significance and decreasing 
order of ‘^C sucrose uptake. 


For assaying the labelled sucrose uptake by subject 
seeds, 100 pi of the diffusate (obtained from 400 domi¬ 
nant seeds) was loaded on the HPLC. Using a fraction 
collector, a total of fifteen 1-ml fractions were collected 
corresponding to a total run time of 15 min. The frac¬ 
tions so collected were pooled as follows: i) fractions 
corresponding to 1 to 3 minutes and 6 to 15 minutes, 
which did not show any absorbance at 280 nm were 
pooled and ii) fractions corresponding to 4 and 5 min¬ 
utes which exhibited a peak absorbance were pooled. 
The pooled fractions were lyophilized to evaporate the 
methanol fraction. The residue was redissolved in 5 mM 
MES buffer (pH 6.5), and the volume made up to 40 pi 
in each case and used in ^"^C-sucrose uptake assay as 
described in earlier experiments. 

For the quantification of indole compounds in the dif¬ 
fusate collected from dominant and aborted seeds, un¬ 
fertilized ovules and fruit coat tissue, 8 mg (by fresh 
weight) of dominant and aborted seeds, unfertilized 
ovules and fruit coat tissue were used for diffusate col¬ 
lection as described earlier and the final volume made 
up to 250 pi. Indirect ELISA for indoleacetic acid and 
indole compounds was conducted to quantify the indole 
compounds in different tissues^^ 

The extract of dominant seeds caused significantly 
higher inhibition in the uptake of labelled sucrose by 
subject seeds compared to that from aborted seed, un¬ 
fertilized ovule and fruit coat tissue (Table 1, two-way 
ANOVA, P<0.01), suggesting that the dominant seeds 
might mediate the abortion of the subject seeds by the 
production of chemical(s) that adversely affects the re¬ 
source mobilization into them. 

Aqueous diffusates from dominant seeds also caused 
significantly greater inhibition in the uptake of labelled 
sucrose than that from other tissues (Table 2, two-way 
ANOVA, P < 0.0001). The diffusate from the dominant 
seeds caused 69.6 per cent inhibition while that from 
aborted seeds reduced the uptake only by 16.1 per cent. 
Thus the chemical responsible for the inhibition in up- 
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TLC of diffusate of dominant embryos 

Rf 



Figure 1. Thin layer chromatography of diffusate of dominant seeds 
(among the standards only that of tryptophan and indoleacetic acid 
(lAA) are shown. Notice the highly mobile indole spot obtained from 
the diffusate of dominant seeds. Rf = relative flow). 

take of labelled sucrose by the subject seed appears to 
be highly diffusible. 

TLC of the diffusates from the dominant seeds re¬ 
vealed the presence of lAA (Rf of 0.41) along with a 
highly diffusible substance (Rf of 0.51; Figure 1). Other 
standards used in the experiment such as phenylalanine, 
indole, indoleacetic nitrile and tryptophan were not 
found in the diffusate of the dominant seeds. 

HPLC analysis of the diffusate of dominant seeds at a 
detection wavelength of 280 nm revealed the presence 
of a single peak with a retention time of 3.55 min; the 
retention time of standard lAA was 4.7 min (Figure 2). 
However, a substantial overlap between the retention 
time of the diffusate with that of standard lAA suggests 
that the former also contains indole compounds. 

^"^C-uptake assay conducted with the HPLC eluates 
showed that the fractions corresponding to the peak re¬ 
tention time (3.55 min) caused significantly higher in¬ 
hibition (94%) in the uptake of labelled sucrose by the 
subject seeds compai'ed to that caused by rest of the 
fractions (63%, Table 3). Indirect ELISA showed that 
the diffusate from dominant seeds had the highest 
amount of indole compounds compared to that from 
other tissues; dominant seeds contained nearly 950 pico- 
moles per mg fresh wt., while fruit coat tissue had only 
445.17 picomoles per mg fresh wt. (Table 4). 

Our study indicates that abortion of seeds in Syzygium 
cuminii could be due to the production of a diffusible 
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MINUTES 

Figure 2. High performance liquid chromatography profile of the 
diffusate of dominant seeds. Peak corresponding to 3.55 min is the 
diffusate; that corresponding to 4.7 min is of indoleacetic acid. 


Table 3. Effect of different HPLC fractions of diffusate from domi¬ 
nant seeds on the inhibition in the uptake of labelled sucrose by 


subject seeds 

Fraction no. 

cpm/seed 

% inhibition 

Control 

532.1 ±29.4" 

- 

Peak (4 and 5) 

36.0“ 

94.0 

Rest (1-3 and 6-15) 

189.9" 

63.0 


Two-way ANOVA; P< 0.001; Critical difference at 5% = 38.4. A 
minimum of four replicates each containing at least 20 subject seeds 
were maintained. Superscripts represent significance and decreasing 
order of ^"^C sucrose uptake. 


Table 4. Indole content in different tissues of Syzygium cuminii 

fruit 


Tissues 

Indole content 
(Picomoles per mg 
fresh weight) 

SE 

(±) 

Dominant 

950.33" 

45.7 

Aborted seeds 

410.89“ 

29.1 

Fruit coat tissue 

440.85" 

40.2 

Unfertilized ovules 

271.76" 

22.1 


Two-way ANOVA; P< 0.0001; Critical difference at 5% = 30.19. 
Superscripts represent significance and decreasing order of 
'"^C sucrose uptake. 


indole compound by the dominant ovules that inhibits 
resource uptake by the other ovules. Aqueous extract 
and diffusate from dominant seeds significantly inhib¬ 
ited the uptake of labelled sucrose by subject seeds 
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OVULES IDENTICAL 


compared to those from the fruit coat (maternal tissue) 
or the aborted seeds. It has been shown earliei that the 
chemical factor might be heat resistant and non- 
proteinaceous'’^. Because of its high diffusibility, the 
chemical might be a low molecular weight compound. 

Analysis of the diffusate using TLC, HPLC and indi¬ 
rect ELISA points, to the presence of indole compounds 
in the extract and diffusate of dominant seeds. HPLC 
fractions corresponding to the peak retention time 
(3.5 min) overlapped substantially with that of indole- 
acetic acid and resulted in maximum inhibition of the 
uptake of labelled sucrose by the subject seeds. Similar 
mechanism involving the production of indole chemical 
by the dominant ovules that eventually starve the sub¬ 
ordinate ovules has been reported by Mohan Raju 
et aC-'' in the wind-dispersed species, Dalhergia sissoo. 

Based on these, we propose a general model to ex¬ 
plain the abortion of ovules in plants (Figure 3). The 
model assumes that, to begin with, all ovules in an ovary 
are identical and are equally likely to mature as seeds. 
However, temporal differences in their fertilization sets 
in a dominance hierarchy in their development and the 
early fertilized among them dominate in drawing re¬ 
sources from the maternal parent'^ These dominant 
seeds in turn gain a head start in the synthesis of growth 
hormones including diffusible auxins and also probably 
related indole compounds. This may a) facilitate greater 
mobilization of i-esources into them resulting^i^n^a^posi- 
tive feedback aggravation of their dominance and 

b) inhibit the basipetal movement of diffusible indole 
compounds from the other (later fertilized) ovules due 
to primegenic dominance^l Bangerth^' proposed the 
theory of primegenic dominance to explain the devel¬ 
opment of dominance hierarchy among fruits and hence 
abortion of fruits in an inflorescence. According to this 
hypothesis, transport of diffusible auxin basipetally by 
the first-formed fruits prevents its diffusion from the 
remaining later-formed fruits. Such inhibition in the 
movement of diffusible auxin from the later-formed 
fruits has been shown to lead to one or both of the fol¬ 
lowing consequences; (i) a poor differentiation of the 
sieve elements connecting these fruits resulting in poor 
nourishment and in extreme cases to the abortion of 
li-uits^^; (ii) build-up of high levels of endogenous auxin 
in the fruits, which in turn might trigger the synthesis of 
ethylene which then arrests the further growth and de¬ 
velopment of the tissue”'^®. We propose that a similar 
mechanism of action could lead to the abortion of latei 
fertilized ovules within a fruit. 

Ethylene-mediated seed abortion has been reported by 
several workers. In apple, application of ethylene in¬ 
creased seed abortion while the ethylene action inhibi¬ 
tor, amino vinyl glycine, decreased seed aboLion . In 
Dalhergia sissoo'^'^'’ and Syzyghm cuminii inhibi¬ 
tion of ethylene action by silver thiosulphate (STS) le- 
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Figure 3. A general model of seed abortion in plants. For details, 
see text. 


stored the uptake of labelled sucrose otherwise inhibited 
by extracts of dominant seeds; in Syzygium^ cuminiL 
seed abortion was shown to decrease with application of 
STS to developing fruits’’^. 

This model is consistent with the observed results that 
extracts and diffusates of dominant seeds significantly 
inhibit the uptake of labelled sucrose by the subordinate 
seeds. Further, the model is unique because it explains 
the generation of dominance hierarchy. Thus, both the 
development and death of seeds could be brought about 
by a single factor involving the production of diffusible 
indole compounds. 

Additionally 5 seed abortion could also be brought 
about by the production of ‘death’ chemicals by the 
dominant ovules that kill the other ovules. One such 
death hormone, 3-chloro-indoleacetic acid , pioduced 
in developing pea seeds is shown to induce senescence 
of vegetative tissue to which it is applied and is impli¬ 
cated also in fruit abortion. It is likely that the first fer¬ 
tilized dominant seeds produce this chemical and aboit 
the remaining later-fertilized ovules. 

Thus, the results of the present study suggest that dif¬ 
ferential development and abortion ot seeds in fruiLs 
may be mediated by the production and diffusion oi 
chemical factors, probably indole derivatives, by the 
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dominant seed which starves the rest of the seeds lead¬ 
ing to their death. It is interesting to note that a similar 
mechanism operates in the widely-separated genera, 
Dalbergia sissoo^^'^^ suggesting a possible common 
mechanism of seed abortion across plant systems. 
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Application of marker-assisted 
selection in rice for bacterial blight 
resistance gene, Xa21 
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R. Sridhar*’* 

'Molecular Plant Pathology Laboratory, Central Rice Research Insti¬ 
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Polymerase chain reaction (PCR)-based marker- 
assisted selection for a disease resistance gene was 
employed in a rice improvement programme. PCR 
amplification using sequence-tagged site (STS) prim¬ 
ers specific to bacterial blight resistance gene Xall- 
linked marker resulted in amplified products of the 
expected molecular weights for each of the three 
genotypic classes, homozygous resistant, homozygous 
susceptible and heterozygous and facilitated selection 
of plants carrying the desired gene for further ad¬ 
vancing the breeding material. 

BACTERIAL blight, caused by Xanthomonas oryzae pv. 
oryzae {Xoo) is the most important bacterial disease of 
rice and is a serious constraint for rice production in the 
irrigated and rainfed lowland environments. No chemi¬ 
cal control measure is presently available for controlling 
this disease. Growing resistant varieties, the only option 
available for minimizing the losses caused by this 
disease, is not only economical, but is also an environ¬ 
ment-friendly method. However, resistant varieties, par¬ 
ticularly those carrying single gene for resistance, often 
break down (become susceptible). Pyramiding resistance 
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genes in a cultivar offer promise for broad spectrum 
and long-lasting resistance, presumably due to quantita¬ 
tive complementation^ However, in such breeding ef¬ 
forts, phenotypic selection of individual plants with 
resistance is difficult to do with specific pathogen iso¬ 
lates by artificial inoculations. Under these circum¬ 
stances, identification of plants with multiple genes can 
be carried out using DNA markers. Knowledge on 
polymorphism among the parents used is a pre-requisite 
for employing marker-assisted selection in a breeding 
programme. 

The gene, Xa21 introgressed from 0)jza longistami- 
nata into (9. sativa (IR24 background) located in chro¬ 
mosome 11 confers broad spectrum resistance to most 
isolates of Xoo, making it a valuable gene for plant 
breeding^’-\ Ronald et identified a random primer 
(RAPD248) specific to Xa2/-linked marker which am¬ 
plifies two polymorphic bands, one from the susceptible 
(IR24) and one from the resistant isoline 1188 
(IRBB21), indicating an insertion/deletion type poly¬ 
morphism, cloned the amplified product and demon¬ 
strated its use as RFLP marker. From the sequence of 
this genomic clone (RAPD248), two primers, PB7 (5'- 
AGA CGC GGA AGG GTG GTT CCC GGA-3') and 
PBS (5'-AG A CGC GGT AAT CGA AAG ATG AAA- 
3') were designed [sequence-tagged site (STS) mark¬ 
ers]'*’. This provides an effective, fast and easy tool for 
undertaking PCR-based marker-assisted selection of 
bacterial blight resistant plants in a segregating popula¬ 
tion. In this study, we focus on the use of these se¬ 
quence-tagged site (STS) markers for analysis of 
parental polymorphism and selection of individual 
plants carrying homozygous resistance allele {Xa2]) 
among a segregating F 2 population in a marker-assisted 
breeding programme aimed at improving one of the 
most popular rice varieties in the iavourable lowlands of 
eastern India, Swarna for bacterial blight resistance. 

The segregating population was derived from a double 
cross between Swarna (susceptible to bacterial blight 
used as recurrent parent)/IRBB21, (carrying Xa2I allele 
and is a near isogenic line of IR24 which is susceptible) 
and Swarna/G. miniita derivative line WHD IS 78-1-5 
(resistant plant carrying an undefined gene). Phenotyp- 
ing of the plants was performed at the Central Rice Re¬ 
search Institute in India and the genotyping was 
undertaken at the International Rice Research Institute 
in the Philippines. Its usage for marker-assisted selec¬ 
tion was confirmed at the Central Rice Research Insti¬ 
tute in India. 

DNA from Swarna, IRBB 21, IR 24 and 114 F 2 plants 
was extracted as per the rapid micro-level extiaction 
procedure described by Zheng et al\ Polymerase chain 
reaction (PCR) amplification was performed in a 20-pl 
reaction mixture containing 0.5 pM each of the two op¬ 
posing primers, 50 ng ol genomic DNA, 185 pM each of 
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Figure 1. PCR amplification pattern of DNA from parents and F 2 
population derived from cross, Swarna/IRBB21\\Swarna/0. minuta 
derivative line WHD IS 78-1-5. Primers PB7 and PBS were used in 
the reactions. Lanes 1 and 16 contain molecular weight marker (l-kb 
ladder, BRL Life Technologies, Inc.), lanes 2-15 contain amplifica¬ 
tion products from susceptible parent, Swarna (lane 2); IR24 
(susceptible, lane 3); resistant parent, IRBB21 (lane 4) and F 2 popu¬ 
lation: homozygous susceptible individuals (lanes 5-7), heterozygous 
individuals (lanes 8-13) and homozygous resistant individuals (lanes 
14, 15). 

four dNTPs, approximately 2.5 units of Taq polymerase 
(Boehringer Mannheim) in PCR Buffer no. 9 (10 mM 
Tris, pH 9.2, 25 mM KCl; 1.5 mM MgCU; 15 mM 
(NH 4 ) 2 S 04 ), The reaction mixture was overlaid with one 
drop of mineral oil, initially denatured for 5 min at 
94‘^C, and then subjected to 30 cycles of 30 s denatura- 
tion at 94“C, 30 s annealing at 55°C and 60 s extension 
at ITC and a final extension of 5 min at 72°C using a 
Thermal Cycler (PTC-100) manufactured by MJ Re¬ 
search (Watertown, MA, USA). 

PCR products were resolved on gels composed of 
0.5 X TBE and 1.5% agarose at 100 V for 4 h. The gels 
were stained with ethidium bromide, and then photo¬ 
graphed using Polaroid Type 665 film. 

PCR amplified products of the expected molecular 
weights for both bacterial blight-resistant and suscepti¬ 
ble lines for each of the three genotype classes gener¬ 
ated in this study (Figure 1). Clear polymorphism 
between susceptible and resistant parents used in this 
study was evident. The PCR products amplified from 
bacterial blight resistant (IRBB21) and susceptible 
(IR24) lines were approximately 900 and 700 bp, re- 
spectively'\ However, in case of the susceptible parent, 
Swarna used in this study, the PCR product amplified 
was around 800 bp which is clearly distinct from that of 
the resistant parent (IRBB21). The PCR product ampli¬ 
fied in other susceptible lowland rices, Tulasi and Sabita 
was also around 800 bp (data not presented), suggesting 
that there are multiple alleles governing susceptibility. 
In the segregating population, based on the banding 
patterns, plants were classified into homozygous sus¬ 
ceptible, homozygous resistant and heterozygous. How¬ 
ever, among the heterozygotes, those with Swarna 
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(recurrent parent used in this study) background and 
those with IR24 background could also be distinguished. 
Nevertheless, of the 114 F 2 plants screened, 27 were 
found to be homozygous resistant (RR), 55 heterozy¬ 
gous (Rr) and 32 homozygous susceptible (rr) following 
the normal Mendelian ratio of 1:2:1. The selected ho¬ 
mozygous resistant plants will be used for further ad¬ 
vancing the breeding material. 
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Cheliped laterality in freshwater 
prawn, Macrobrachium nobilii 
(Henderson and Matthai, 1910) 

P. Mariappan and Chellam Balasundaram 
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Animal Science, Bharathidasan University, Tiruchirapalli 620 024, 
India 

A field study was undertaken to find out the cheliped 
laterality in the freshwater prawn Macrobrachium 
nobilii which inhabit the river Cauvery. Among 664 
M. nobilii collected from three sites over a period of 
three months, 553 possess differentiated chelipeds 
with major and minor chela distributed on right or 
left side. In overall population and in site two, male- 
handedness deviated from the expected 1:1 ratio, 
when compared with female. 

Cheliped, the multi-functional organ in decapod crusta¬ 
ceans has drawn much attention due to its versatile use 
in foraging^ agonistic and aggressive interactions at 


inter- and intra-species level^”^, and mate selection^’^, 
handling and guarding”^. Simultaneously the mor¬ 
phometric features of cheliped also have gained equal 
importance. Based on their morphology, the chelipeds 
are classified into major (crusher with molariform teeth) 
and minor (cutter with pointed teeth laden with abundant 
setae)^. Sexual dimorphism in cheliped size is also re¬ 
corded in some species^. 

In decapods, handedness or laterality is the possession 
of dimorphic claws with one larger than the other’The 
animal is called right or left-handed, based on the loca¬ 
tion of major chela on the corresponding side. Among 
the right and left-handed animals, the former wields 
more functional advantages like breaking dextral gas¬ 
tropod shell and resources utilization^^’”. Even distri¬ 
bution of handedness and/or its deviation from right or 
left has been reported between and within species. For 
example in Ocypode quadrata, half of the sampled 
population are right-handed’^ but in Ocypode gudic- 
chaudii, the occurrence of major chela is essentially 
skewed to the left”. When the major chela is automized, 
minor chela becomes the major and the regenerated one 
becomes the minor leading to reversal of handedness . 
This had led to a controversy over the use of chela as a 
dependable taxonomic character. 

Studies on other decapods like lobster, Homarus 
americanus^^'^^, stomatopod, Gonodactylus falcatus^'^, 
crayfish, Orconectes rusticus^, and freshwater prawn. 
Macrobrachium rosenbergiP' have focused on the func¬ 
tional advantages of chelipeds in aggressive interactions 
and displays. In Macrobrachium spp, there are a few 
studies, which report only on the size of the cheliped 
and not on handedness”’’^. Macrobrachium nobilii, an 
endemic prawn, inhabiting river Cauvery is called as 
stone prawn due its affinity to seek shelter under boul¬ 
ders. It is aggressive and at a given time 16.4% of the 
population suffers autotomy^°. This paper reports on the 
handedness in Macrobrachium nobilii. 

M. nobilii was sampled in three different sites - 
Jedarpalayam (a minor check dam), Upper Anicut (a 
major reservoir) in river Cauvery and Check Post point 
in Colleron river (a tributary of Cauvery) near 
Tiruchirapalli (10.50”N; 78.43"E) during May to July 
1997. Each time about 75 ± 5 (Mean ± SD) prawns were 
collected at random by using hand net with equal 
amount of fishing effect from 0600 to 0800 hours and 
sorted out into juveniles (30 ± 5 mm), males 
(45 ± 5 mm) and females (40 ± 5 mm). Juveniles were 
not considered for the study since handedness between 
chelae is discernible only on attaining sexual maturity '. 
The occlusive surface of major chela contains abundant 
‘molariform’ teeth but minor chela possesses pointed 
teeth laden with numerous setae (Figure 1). Based on 
this, the data on handedness recorded separately for 
males and females were tested through test^’. 
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Figure 1. Macrobrachium nobilii. Morphological variations in the 
propodus of (jci) major and (b) minor chela. D, Dactylus, P. Pro- 
podus» 


Table 1. Population structure of M. nobilii collected in three sites 




Male 


Sex ratio 

Site 

Juvenile 

(nos) 

Female 

M:F 

Jedarpalayam 

43 

57 

125^ 

1:2.1 

Upper Anicut 

35 

69 

140^ 

1:2 

Check post 

33 

51 

111* 

1:2.1 

Total 

111 

177 

376* 

1:2.1 

Population (%) 

16.7 

26.6 

56.6 



♦Statistically significant P < 0.05. 


Among a total population of 664 M. nobilii, females 
(56.5%) were more abundant than males (26.6%) and 
juveniles (16.7%). Sitewise also, the female population 
is dominant (P < 0.05) (Table 1). Among the pooled 
population data and in site 2 (Upper Anicut), 58.75% 
and 69.5% of the males are right-handed (P<0.05). 
Among males such deviation from 111 ratio in handed¬ 
ness may occur due to reversal of cutter to crusher type 
as a result of loss of major chela as observed in Uca 
lactea^^. The prevalence of right-handedness in site 2 
may be adduced to the unique habitat conditions like 
increased resource competition or availability of spe¬ 
cific types of food like gastropods leading to reversal of 
handedness^^ 

876 


Table 2. Handedness in three field populations of M. nobilii 


Site and group 


Right handed animals 
(no) (%) 

Ratio 

(R:L) 

Jedarpalayam 

Males 

57 

29 

50.8 

1:0.9 

Females 

125 

67 

53.6 

1:0.8 

Total 

182 

96 

52.7 

1.1:1 

Upper Anicut 

Males 

69 

48 

69.5* 

2.2:1 

Females 

140 

60 

42.8 

1.1:3 

Total 

209 

108 

51.6 

1:1 

Check post 

Males 

51 

27 

52.9 

1.1:1 

Females 

111 

63 

56.75 

1.3:1 

Total 

162 

90 

55.5 

1.2:1 

Grand total 

Males 

177 

104 . 

58.75* 

1.4:1 

Females 

376 

190 

50.5 

1:1 

Total 

553 

294 

53.1 

1.1:1 


♦Statistically significant P < 0.05. 


Like males in site 1 and site 3, all females are even- 
handed (P < 0.05) with an equal distribution of right and 
left-handedness (Table 2). Such an even distribution of 
handedness irrespective of sex has been reported in 
other decapods also (H, americanus^'^\ Xantho exaratus, 
Chlorodopsis melanochira^^ and O. quadrata ). 

Cheliped laterality may vary even between related 
species as a function of their feeding habits. For in¬ 
stance, among predatory species of Ocipodidae, the 
right major chela is more robust, aiding effectively in 
prey capture and manipulation^^; while in related non- 
predatory (deposit feeding) and primitive taxonomic 
groups, handedness is absent^^ However, the slender 
chelipeds also have a dual role in diet manipulation and 
as organs of offence and defence. 

It is pertinent to note here the loss of cheliped during 
the aggressive interactions in M. nobilii. In M. nobilii, 
10.9% of juvenile, 15.2% of males and 22.3% females 
have incurred limb loss due to predation pressure and 
competition for shelter^^ Moreover it is explained that 
variation in laterality of cheliped in decapods may be 
due to different selective pressures in relation to geo¬ 
graphic and/or ontogenic variations'^. This study reveals 
that essentially in M. nobilii there is an even distribution 
of handedness. 
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Neogene deformation of Siwaliks 
affected by the Delhi-Hardwar ridge 
as seen in satellite data, India 
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Department of Earth Sciences* and Department of Earthquakes 
Engineering^ , University of Roorkee, Roorkee 247 667, India 

The Siwalik ranges east of Hardwar exhibit defor¬ 
mation pattern not akin to the general deformation 
trend of the Siwaliks elsewhere in the western Hima¬ 
laya. Satellite image (IRS-LISS-II) of the region dis¬ 
plays remarkably deformed Siwalik in this region. 
The deformation pattern reveals that these struc¬ 
tures might have been primarily caused by the 
Delhi-Hardwar ridge. There has been compressional 
tectonics which were generated due to westward 
thrusting movement of rocks across the N-S trending 
Mithawali thrust and obstruction by the shallow 
buried NNE trending Delhi-Hardwar ridge. 

Lowest topography in the Himalayan orogen is repre¬ 
sented by the Siwalik ranges occupying the depression 
in front of the higher Himalayan mountain belt. Prior to 
the formation of mountain belt, Siwalik sediments piled 
up resting on the Indian plate having a northward 
slope. Subsurface ridge like structural features as an 
integral part of the Indian plate might have played an 
important role in generating distinct deformational 
structures in the overriding rock mass. The Delhi- 
Hardwar ridge has been identified as shallow buried 
structural feature on the basis of geological, geophysical 


and aeromagnetic investigations in the western Indo- 
Gangetic plains'. 

The youngest tectonic unit, the Siwalik range, extends 
all along the foothills of the Himalayan mountain belt 
comprising mollasse sediments subjected to folding 
and thrusting under compressional tectonism. However, 
these rocks escaped the vigour of tectonic activity 
that suffered by the higher Himalayan ranges. In fact, 
Siwalik rocks in the Dehra Dun valley show less delor- 
mation and are mostly represented by the inclined beds 
(one limb of fold) in the foothills region. But on satellite 
image, intense folding in Siwalik rocks cast ol the 
Hardwar may be observed. It appears that the deforma¬ 
tion has been affected due to interaction of other 
structures as well, which needs proper attention. 
Figure 1 shows the study area and generalized tectonic 
setup. 

On the structural aspect of the Siwalik range of Dehra 
Dun region^"^, considerable information has been pub¬ 
lished and the Siwalik ranges recently have been 

mapped in detail'^ (Figure 2). But, the remarkable 

Siwalik structures between Hardwar and Laldhang es¬ 
caped the attention of many. 

With the advent of satellite images having synoptic 
view, higher spatial and better spectral resolution, it has 
become possible to recognize deformation structures 
having tectonic significance in a better and more 

reliable way. Hitherto, the minor structural changes 
could not be realized on ground mapping which has al¬ 
ways a limited coverage. This limitation acted as a hin¬ 
drance to recognize tectonic significance of the 

structural features. 
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Figure 3. IRS-LISS-II FCC (432 in RGB scheme) image of the study area depicting Siwalik deformations. 
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Structurally, Siwalik rocks in the area west of the 
Ganga river folded into anticlines and synclines along 
the foothills region. In fact, between the Yamuna and 
Ganga rivers, the Siwaliks are less disturbed structurally 
and thick zones of the middle and upper Siwaliks are 
exposed^®. In this region, Siwaliks are separated by the 
wide Dehra Dun valley and are exposed at a consider¬ 
able distance from the Main Boundary Thrust. Whereas, 
the tectonic scenario east of the Ganga river is different 
altogether. Siwalik rocks east of the Ganga river have 
been intensely folded and the middle and upper Siwaliks 
are exposed in quite thin zones. Structural features of 
the study area and surroundings are shown in Figure 2. 

It is evident that the Siwaliks are bounded by the 
Mithawali and Kangri thrusts (Frontal Thrust) in the east 
and south-west respectively^^ (Figure 2). Folding intri¬ 
cacy of the rocks in this region is not reflected on the 
published map. But the satellite image (Figure 3) clearly 
displays intensely-deformed rocks having a tectonic 
significance. 

Siwalik rocks east of the Ganga river have suffered a 
different type of deformation as revealed by the satellite 
image. In this region, Siwaliks show multiple folding. 
Prominent fold ridges have developed with N-S axes 
and curved NW—SE and NE—SW limbs. Fold morphol¬ 
ogy suggests that this region has been affected by E—W 
oriented compression as well (Figures 3 and 4). Further, 
rocks close to the Ganga river show southward dragging 
effect, indicating right lateral faulting along the Ganga 
river. 

It may be noted that a subsurface feature Delhi- 
Hardwar ridge extends up till foothills of the Himalaya. 
The Delhi-Hardwar ridge is buried shallow and repre¬ 
sents a north—north-eastward extension of the Delhi fold 
belt^’^^ which delimit the Ganga basin to west. This 
ridge hits Siwaliks striking normal between the Yamuna 
and Ganga rivers. Under compressional tectonic regime, 
the Delhi-Hardwar ridge acted as an obstruction to the 
southward-migrating Siwalik folds. Consequently, the 
Siwalik ranges have been severely folded and faulted. 
Southward-dipping Bhim Goda thrust is a deviation 
from normal northward dipping Mohand and Kangri 
thrusts on the either side of the former thrust. This might 
have some relation to the Delhi-Hardwar ridge. 

It is suggested that intense deformation of Siwalik 
rocks in the Hardwar-Laldhang region has been affected 
due to interaction between NNE aligned Delhi-Hardwar 
ridge and westward thrusting movement of the rocks 
across the Mithawali thrust resulting in oblique move¬ 
ment. 

Siwaliks and other Himalayan rocks have been af¬ 
fected by lateral faulting dislocating geological forma¬ 
tions caused by prevailing compressional tectonism. 
Different structures have formed due to interaction of 
various tectonic features such as Delhi-Hardwar ridge. 
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Similar to the Delhi-Hardwar ridge, there are other 
north-east trending transverse ridges in Ganga basin 
facing the Himalayan foothills. These are Meerut- 
Nazibabad^^ Faizabad and Monghyr-Saharsa ridges^’-. 
Basement depth contour map of the Gangetic basin re¬ 
veals that the Delhi-Hardwar ridge has a gentler dip 
than the other ridges. Further, the Delhi-Hardwar ridge 
is probably extended for considerable distance below 
the Himalayan belt^^ Therefore, in Hardwar region 
greater interaction of Delhi-Hardwar ridge on Siwaliks 
is expected. And findings of this study are purely based 
on satellite image of the Hardwar region. Further studies 
of other areas where transverse ridges face the Siwaliks 
may reveal new information in future for later correla¬ 
tion. 

It is believed that the thrusting sequences in the Hima¬ 
laya orogeny have migrated southward as the collisional 
tectonism grew^^~^^ and the Himalayan Frontal Thrust 
(HFT) is the latest development. Earthquake activity in 
and around Delhi-Hardwar ridge and Siwalik range^^ 
warrants active tectonic status of the region. Moreover, 
there had been active interaction between the Delhi- 
Hardwar subsurface ridge and overlying geological for¬ 
mations in generation of Uttarkashi earthquake of Octo¬ 
ber, 1991 (ref. 13). Therefore, it appears that the Delhi- 
Hardwar ridge has played an active role in framing up of 
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present tectonic set up of the region. Hence, further 
modification in folding and faulting may be anticipated 
under continued compressional tectonism in this region. 
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Thorium-rich monazites from the 
beach sands of Kalingapatnam- 
Baruva Coast, Andhra Pradesh, East 
Coast of India 

D. Rajasekhar Reddy and V. Siva Sankara 
Prasad 

Department of Geology, Andhra University, Visakhapatnam 530 003, 
India 

Of the five microprobe analyses of monazites, one 
shows a very high concentration of ThOj (30.81%) 
and relatively high Ca and low LREE (Ce, Nd, La, 
Pr, Sm) indicating that it is a cheralite variety of 
monazite. The other four monazites also show high 
concentration of Th02 ranging from 12.30 to 15.89. 
Charnockites and pegmatites occurring in the drain¬ 
age basin of the hinterland are the source rocks for 
the monazites. The monazites have an obvious bear¬ 
ing on the economic potential of these sands in ex¬ 
ploring them along with the other associated heavy 
minerals like ilmenite, garnet, sillimanite and zircon. 

The east coast beaches of India are known for the oc¬ 
currence of heavy minerals like monazite, zircon, rutile, 
ilmenite, magnetite, garnet and sillimanite. The mona¬ 
zite is a principal economic source of rare earths and 
thorium. The occurrence of monazite in the beach sands 
of Visakhapatnam^’^, Visakhapatnam-Bhimunipatnam^ 
Kalingapatnam-Baruva*^’-^ and in the deltas of Andhra 
Pradesh^ along the east coast has been reported. The 
earlier studies were oriented towards the quantification 
of individual heavy minerals in the beach sands includ¬ 
ing the monazites. However, a few attempts were made 
to know the chemical composition of the monazites from 
the beach sands along the east coast of India. The occur¬ 


rence of cheralite, a thorium-rich variety of monazite in 
the beach sands of Visakhapatnam-Bhimunipatnam area 
has been reported^. This paper presents the geochemis¬ 
try of the monazites from the beach sands between 
Kalingapatnam and Baruva (Figure 1), based on the mi¬ 
croprobe ai.alysis. 

The beaches between Vamsadhara and Mahen- 
dratanaya rivers are enriched in heavy minerals like il¬ 
menite, garnet, sillimanite, orthopyroxenes, monazite, 
zircon, rutile, etc. and the concentration of heavies 
ranges from 11 to 53 (wt%) in dunes, 4 to 33 in back- 
shore, 2 to 48 in upper foreshore and 2 to 33 in lower 
foreshore. The heavy minerals are concentrated more in 
the finer fractions (-0.25 to +0.125 and -0.125 to 
0.062 mm) than in the coarser fraction (> 0.25 mm) and 
also the concentration of heavy minerals is high nearer 
to the mouths of streams and small creeks^. 



880 


CURRENT SCIENCE, VOL. 73, NO. 10, 25 NOVEMBER 1997 




RESEARCH COMMUNICATIONS 


Table 1, Microprobe analyses of monazites 
From area of study From other areas 


Composition 


Sample 


III 


IV 


3 * 


4* 


La203 

5.69 

11.67 

11.51 

Ce 203 

19.39 

30,48 

30.76 

Pr203 

2.66 

4.01 

4.14 

Nd 203 

8.54 

9.80 

10.19 

Sm 203 

1.20 

- 

” 

Th02 

30.81 

15.56 

14.67 

PzOfi 

25.04 

24.63 

27.03 

CaO 

3.14 

0.71 

1.44 

PbO 

0.87 

0.58 

- 

Si02 

2.50 

2.27 

0.95 

Y 2 O 3 

- 

- 

- 

U 3 O 8 

- 

- 

- 

Total 

99.8 

99.71 

100.69 


I*, Monazite from Visakhapatnam-Bhimunipatnam beach 
2*, From Visakhapatnam beach sands’^. 

3* and 4*, From charnockites of Eastern Ghats^“. 


12,31 

11.99 

15.3 

18.84 

9.68 

14.38 

31.71 

30.91 

21.26 

42.30 

19.43 

27.18 

4.17 

4.11 

~ 

- 

3.02 

3.79 

10.29 

10.65 

- 

- 

5.56 

10.23 


_ 


- 

4.31 

3.22 

12.30 

15.89 

23.99 

9.32 

19.82 

9.76 

27.44 

25.49 

26.75 

- 

28.47 

24.49 

1.28 

0.65 

4.01 

- 

1.35 

0.37 

_ 

_ 

0.51 

- 

- 

- 

0.88 

1.99 

2.65 

- 

1.22 

2.73 


_ 


0.66 

2.10 

1.19 

_ 

_ 

3.08 

- 

- 

- 

100.38 

101.68 

97.55 

71.12 

95 

97.34 


sands^. 


Table 2. Elemental percentage 


Element 


Sample 



I 

II 

III 

IV 

V 

La 

4.85 

9.95 

9.82 

10.50 

10.23 

Ce 

16.55 

26.03 

26.21 

27.07 

26.39 

Pr 

2.28 

3.43 

3.54 

3.56 

3.52 

Nd 

7.32 

8.34 

8.74 

8.83 

9.13 

Sm 

1.04 

- 

- 

- 

- 

Th 

27.08 

13.68 

12.89 

10.81 

13.96 

Ca 

2.25 

0.51 

1.03 

0.91 

0.47 

P 

10.93 

10.75 

11.80 

11.98 

11.12 

Si 

1.17 

1.06 

0.45 

0.41 

0.92 

Total 

72.3 

72.69 

74.03 

73.66 

74.82 

ZLREE 

32.04 

47.75 

48.31 

49.96 

49.27 

Nd/Ce 

0.44 

0.32 

0.33 

0.32 

0.35 

La/Ce 

0.29 

0.38 

0.37 

0.39 

0.39 


The heavy minerals were separated from the light 
minerals using bromoform. Monazites were separated 
from the heavy mineral fraction under microscope. The 
microprobe analyses were carried out at Dalhousie 
University, Canada, on a JEOL 733 electron microprobe 
equipped with four wavelength dispersive spectrometers 
and an Oxford Link eXL energy dispersive system. The 
energy dispersive system was used for all elements. 
Resolution of the energy dispersive detector was 137 eV 
at 5.9 keV. Each spectrum was acquired for 40 seconds 
with an accelerating voltage of 15 kV and a beam cur¬ 
rent of 15 nA. Probe spot size was approximately 
1 micron. The raw data was corrected using Link s ZAF 
matrix correlation program. 

Monazite is a light yellow or yellowish-brown col¬ 
oured mineral and in general contains 4 to 12 per cent of 
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Th02. Cheralite is a variety of monazite which contains 
around 30% Th02 (ref. 8). The replacement of La by Th 
and Ce by Ca makes the monazite a cheralite variety^ It 
is evident from the data that the monazites from the 
study area are enriched in Th02 ranging from 12.29 to 
30.81% (Table 1). The samples II to V differ signifi¬ 
cantly in their chemical composition from Sample I. 
Sample I shows the concentration of Th02 as high as 
31% while in others/it varies from 12 to 16%. The 
chemical composition of sample I compares well with 
the cheralite reported by Rao and Prakasa Rao*^ and 
Kamineni etaC^, where the cheralite shows high Th and 
Ca and low LREE (La, Ce, Pr, Nd, Sm). Sample I differs 
from the other monazites (samples II to V) in having 
lower La, Ce, Pr and Nd and higher Th and Ca (Table 
2). The Nd/Ce ratio is higher in the cheralite than in 
other monazites (samples II to V). The Nd/Ce ratios for 
samples II to V are comparable with the average ratios 
reported earlier for monazites from eastern Minas 
Gerias, Brazil^’. La/Ce ratio is lesser in the cheralite 
than in the other four monazites, Further, the Nd content 
is more in the cheralite than in the others and the order 
of abundance of LREE is Ce > Nd > La > Pr > Sm in 
cheralite and Ce > La > Nd > Pr in the other four 
monazites. Though the samples II to V contain lower Th 
compared to sample I, Th content in them is much 
higher than the Th content in the monazite reported from 
Visakhapatnam beach sands 

The Eastern Ghat suite of rocks comprise various rock 
types such as charnockites, khondalites, leptynites and 
granites. Pegmatitic veins cut across the charnockites 
and khondalites. Monazite is reported from the char- 
nockites‘^’*\ pegmatitic veins^"^ and from carbonatites^^ 
of the Eastern Ghats. The charnockites show a high ra- 
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dioactivity (2.5 ± 0.05 p/c/g/min) than the khondalites 
(0.5 ± 0.05 p/c/g/min) due to the presence of monazite 
as an accessory mineral^ Thorium strongly concentrates 
in acidic igneous rocks^'*’ and its content in them is 
around 13 g/ton‘^ The concentration of thorium contin¬ 
ues during pegmatitic stage even after the close of the 
main stage of crystallization^'*’. Hence it is concluded 
that the monazites are derived from charnockites and 
pegmatites which occur in the drainage basin of the 
hinterland. 

The concentration of monazite in considerable pro¬ 
portions and its high thorium content calls for an 
evaluation of the commercial potential for exploitation 
along with other associated minerals like ilmenite, gar¬ 
net, sillimanite and zircon from this area, keeping in 
view among other uses, also the requirement of thorium 
in fast breeder reactors. 
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Erratum 

Observed and theoretical acceleration 
response spectra in the Tehri region: 
Implications for the seismic hazard in 
the region 

K. N. Khattri 

(Curr. Sci., 1995, 69, 161-171) 

Due to an inadvertent oversight. Table 1 showing the 
velocity and Q model is in error. The correct model is 
given below 


Table 1. Velocity and Q model 


Thickness 

(km) 

Vp 

(km/s) 

Qp 

Vs 

(km/s) 

Qs 

Density 

(g/cc) 

0.05 

0.9 

10 

0.5 

5 

1.8 

0.5 

1.75 

30 

1.0 

15 

1.8 

2.0 

4.0 

100 

2.8 

50 

2.4 

14.0 

5.2 

4000 

2.97 

2000 

2.6 

30.0 

6.0 

4000 

3.43 

2000 

2.9 

Infinity 

8.33 

1000 

4.83 

500 

3.3 
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Conservation and Management of 
Biological Resources in Himalaya 
P. S. Ramkrishnan, A. N. Purohit, K. G. 
Saxena, K. S. Rao and R. K. Maikhuri, 
eds. G. B. Pant Institute of Himalayan 
Environment and Development, Koshi- 
Katarmal, Almora and Oxford & IBH 
Publishing Co. Pvt. Ltd., 66, Janpath, 
New Delhi 110 001. Price Rs. 950, 603 

pp. 


Biodiversity is these days a hot topic. A 
number of scientists, policy makers, 
administrators and even politicians are 
expressing their concern and crying out 
for conservation of biological resources. 
How genuine their concerns and cry are, 
are reflected in their resource allocation 
towards biodiversity conservation, 
adoption of biodiversity-friendly life¬ 
style, amount of genuine differences 
they tolerate and the value system pro¬ 
moting diversity they practise. Talking 
too much about ethics without doing 
something would not help conserve 
biodiversity either. A number of people 
have discussed and put together their 
ideas and experiences regarding conser¬ 
vation of biological resources in Hima¬ 
laya in the form of this book and thus 
done something for the sake of biodi¬ 
versity. It is up to the larger society to 
see value in this book and play its role 
in sustainable use and conservation of 
biodiversity. 

This book is the result of a regional 
seminar held at Srinagar, Garhwal dur¬ 
ing 21-30 September 1993. The book 
contains 36 chapters that are organized 
into five sections. (The preface of the 
book mistakenly says four sections.) 
Section 1 gives the setting of issues and 
priorities in regional/national context, 
specifically in the context of Himalayan 
region though there are studies from 
other regions as far as Sri Lanka and 
Iran. Other sections deal with a variety 
of issues relevant to biodiversity and its 
management. The book seems to have 
chapters containing mere ideas, opinion, 
suggestions, and recommendations (e.g., 
Chapters 2, 16) as well as those with 
backing of facts and figures and long- 
drawn experience (e.g., Chapters 6, 8, 
11). The general trend in these chapters 
is to point out the conservation and 
management problems and prescribe/ 
offer/suggest a few remedial measures 
based on their experience. However, 


majority of the suggested remedial 
measures are not very convincing and 
often do not lead us anywhere as they 
lack supporting data. 

In Chapter 1, the authors wish for 
revival of traditional land rights system 
and policy changes for NTFP-based 
economic benefits to the local populace. 
Pointing towards a mismatch between 
local knowledge and market values of 
species, the contributors give examples 
of seven wild species having no local 
uses but with high price and market 
demand. They speculate that such spe¬ 
cies have the risks of unsustainable ex¬ 
traction. As a policy suggestion, they 
wish that taxes should be proportionate 
to the market price/demand of the spe¬ 
cies. In the next sentence, they also 
opine that a high rate of taxation be¬ 
comes a disincentive for sustainable 
utilization. Such statements without 
saying how much of tax and why, may 
not lead us in devising and operational¬ 
izing a system for conservation and use 
of biodiversity. However, the suggestion 
made in the next paragraph is useful 
since it states clearly that to capitalize 
upon the benefits of biodiversity, local 
communities would have to make them¬ 
selves aware of the technological devel¬ 
opments, market intelligence, and 
organize themselves for co-operative 
marketing to resist economic exploita¬ 
tion. 

In Chapter 6, the authors rightly spell 
out that conservation concerns are more 
often expressed than practised. Consen¬ 
sus on modalities of conservation 
among different sections of society is 
essential. On the one hand, diversity of 
socio-economic and environmental 
conditions is responsible for mainte¬ 
nance of biodiversity and on the other 
hand, differences lead to various com¬ 
plex problems in the way of conserva¬ 
tion. In the ultimate analysis, people 
living in and around the wilderness or 
natural areas find themselves pushed to 
the corner and conservation being thrust 
upon them. The authors conclude that 
the long-term conservation goals and 
rural development schemes will have to 
be made compatible rather than conflict¬ 
ing. There is doubt whether develop¬ 
ment is possible without conservation. 

Most of the authors lament about bad 
state of management of biological re¬ 
sources and forests whereas Htun Paw 
, Oo of Myanmar (Chapter 8) boasts of 


their sound forest policy and disciplined 
management system called Myanmar 
Selection System. This 130-year-old 
management system has maintained its 
resources in an enviable state with a 
sustained field. Myanmar’s Forest Act 
of 1992 also seems to be effective as it 
clearly states its legislation regarding 
conservation. Similarly, Htun Paw Oo 
says that there is a strong tradition of 
public participation in Myanmar, 
whereas the authors of Chapter 6 
speculate that the current system of 
management may be repelling to the 
native people (in India). Therefore, 
there is need for introspection about 
repelling nature of management system 
and non-participation of local populace 
in India. In Chapter 9, M. K. Giri 
rightly points out that population 
growth is a big problem and hence the 
environmental awareness is either al¬ 
most non-existent in several areas or 
people pretend not to understand envi¬ 
ronmental significance so that they can 
use the resource for their livelihood. 

According to M. Vannucci, total con¬ 
servation is utopia. He argues for ra¬ 
tional use and management. He 
proposes a health care delivery system 
and medicinal plants to meet the twin 
objectives of conservation of genetic 
diversity and development of the society 
in Kumaon and Garhwal. Chapter 17 
articulates the need for protected areas 
with examples like the story of two ker¬ 
nels of rice providing resistance to 
grassy stunt virus, and importance of 
ecological interrelationship among 
components of biodiversity to man. The 
authors also appeal to the wildlife and 
forest managers and people to be co¬ 
operative for sharing the benefits of 
conservation. However, they are aware 
of the harsh realities of internal differ¬ 
ences, class, caste and political con¬ 
flicts. 

The discipline of biodiversity is still 
in the stage of infancy and generally 
people talk about higher animals and 
plants in the name of biodiversity. This 
trend is broken in Chapter 18 by L. R. 
Verma by talking about a very useliil 
and diverse segment of the lower organ¬ 
isms - the insects. However, there are 
no authors invited to contribute about 
the diversity of many other lower organ¬ 
isms. Similarly, most of the authors talk 
about presence/availability/existence of 
organisms of their interest but not much 
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about abundance. That is why a number 
of users of biodiversity would not find 
this book very useful to them in their 
decision making. One also wonders 
whether it is worth paying Rs 950/- for 
this book. A few paragraphs on medici¬ 
nal plants (Chapter 11) indicating their 


whereabouts and a full chapter (Chapter 
35) on their cultivation, and similar 
useful information may help the readers 
in this regard. Using and finding uses of 
biodiversity is a better way of conserv¬ 
ing biodiversity than just shouting con¬ 
servation. Authors and editors of this 


book have given some information in 
the right direction. 

Shri Niwas Singh 

Institute of Rural Management, 

Post Box No. 60, 

Anand 388 001, India. 
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Contact: Prof. A. S. Mukherjee 
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National Symposium on Biopesticides and Insect Pest Manage¬ 
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of plant products in relation to insect pest control. 
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Director 

Entomology Research Institute 

Loyola College 
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Phone and Fax: 044-826-5542 
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Place: Ujjain 

The seminar is an effort to bring together researchers from various 
disciplines interested in Narmada Valley research programmes and 
will focus on recent developments, gap in existing knowledge and 
future course of research. 

Contact: Dr Pramod K. Verma 
Organizer 

National Seminar on Narmada Valley 
School of Studies in Geology 
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Ujjain 456 010 
Phone: 0734-510227 
Fax: 0734-550030 

National Conference on Recent Trends in Spices & Medicinal 
Plant Research and the 7th Annual Meeting of the Academy of 
Plant Sciences, India 

Date: 2-4 April 1998 
Place: Calcutta 

The following topics will be covered by invited and contributed 
papers: Chemistry and bioactivity of natural products; Oleoresins, 
aromatics, natural flavouring and colouring substances; Medicinal 
properties of spices; Preservation, processing and trade of spices and 
medicinal plants; Genetic stock identification, biodiversity and con¬ 
servation; Productivity and cultivation; Micropropagation, produc¬ 
tion of secondary metabolites in tissue culture; Spices and medicinal 
plants in rural economy; Export market, collaboration, IPR and gene 
patenting. 

Contact: DrA. K. De 

Organizing Secretary 

National Conference on RTSMPR 

35, Garpar Road 

Calcutta 700 009 

Phone: 2402551, 2474530 
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Planck’s radiation thermodynamics and its consequence: 
Laue’s thermodynamics of interference 


Amur Nath Nigam* 


A chronological account of Planck’s radiation thermodynamical relations, their consequences as applied 
to interference by Laue are given from a pedagogic point of view. Planck’s approach, Laue’s thermo¬ 
dynamics of interference and partial coherence and importance are described in brief It is foun tiat tie 
Planck's law as well as the mathematical definition of partial coherence could be derived with preference of 
the latter aspect over the former. An experiment about the visibility has been proposed for the first time. 


Radiation thermodynamics was devel¬ 
oped mainly by Wien and Planck and 
later applied to interference by Laue. 
All the original literature, therefore, 
exists in German journals. Excellent 
review articles exists on the work of 
Wien and Planck in English but Laue’s 
work has been overlooked. The present 
article aims at giving a chronological 
account of these works from a peda¬ 
gogic point of view. 

To treat radiation as a thermodynamic 
system owes its origin to the following 
facts: a) Radiation exerts pressure which 
can be calculated from the electromag¬ 
netic theory of Maxwell, b) The con¬ 
ception of temperature was extended 
from material bodies to radiation. This 
was done by Wiedemann^ who argued 
that a sufficiently heated body emits 
light. This light was ascribed the tem¬ 
perature of the emitter. The luminescent 
materials emit light at room and even 
lower temperatures when excited exter¬ 
nally by radiation of a suitable fre¬ 
quency. The emitted luminescent 
radiation was assigned the temperature 
at which the luminescent material would 
emit the same kind of light on heating 
without being decomposed. Thus the 
temperature of the luminescent light is 
higher than that of the surrounding me¬ 
dium. c) Wien" suggested the extension 
of the entropy concept to the radiation. 
If a body heated at temperature T loses 
energy Q by radiation, the former suf¬ 
fers a loss in entropy S = QIT and the 
radiation gains this entropy which like 
energy gets propagated away, d) Ex¬ 
periments on black body radiation show 
that the thermal radiation attains a state 
of equilibrium with the cavity walls, 

’‘'Deceased on 13 September 1997. 


thereafter no further energy exchange 
occurs. Thus all thermodynamical vari¬ 
ables can be assigned to radiation. 

Planck’s entry 

At this stage when enough evidence was 
available to treat radiation as a thermo¬ 
dynamic system. Max Planck entered 
the scene. His route to radiation entropy 
was different. He had a strong convic¬ 
tion that the irreversible radiation proc¬ 
esses of a thermal cavity should be 
accounted for by the electromagnetic 
theory of light. In his first two introduc¬ 
tory papers^’"^ Planck investigated the 
equations of motion of an electric dipole 
oscillator in presence of an electromag¬ 
netic wave. The oscillator absorbs the 
wave and re-emits it. The reaction of the 
re-emitted wave causes radiation 
damping in the oscillator. This differs 
from the frictional damping in three 
major aspects. Radiation damping is 
independent ot the oscillator material, 
the amplitude of the oscillations is al¬ 
ways finite and the principle ot energy 
conservation is satisfied, energy is not 
consumed as in the case of frictional or 
mechanical damping. This last property 
convinced Planck'*^ that the irreversible 
radiation processes should be accounted 
for by the ‘conservative interaction’ of 
the radiation damping. To ensure irre¬ 
versibility of emission, Planck argued as 
follows. The incident wave excites the 
oscillator to re-emit energy that propa¬ 
gates away with amplitude proportional 
to 1/r. If after a small time interval all 
the magnetic fields be reversed, the 
wave will travel back again the same 
distance r. On rearrival at the oscillator, 
the amplitude is proportional to i/2r. All 


the phases and amplitudes get altered 
and it is just impossible to reproduce 
the original incident wave. The irre¬ 
versibility is thus established. A charac¬ 
teristic of irreversibility is the 
establishment of the state ot equilib¬ 
rium. The system cannot by itself return 
to any of the states it possessed previ¬ 
ously. 

A spherical cavity (without oscillator) 
emits thermal waves normal to its sur¬ 
face. These spherical wavefronts con¬ 
verge toward the centre iTom where they 
diverge out, get reflected by the walls ot 
the spherical cavity and this process of 
alternate convergence to and divergence 
from the centre continues periodically 
with a time interval 2R/c, which is the 
time between two successive equidirec- 
tional passages of the same wave 
through a given point in the space of the 
cavity. Such waves are called tuned or 
ordered waves. Now if an oscillator be 
put at the centre, it re-emits waves that 
are not tuned or are called disordered. 
The tuned waves do not satisfy the 
conditions for the establishment of 
equilibrium and have to be avoided for 
explaining irreversibility. 

These were the initial steps that led to 
the idea of ‘natural radiation’, thus to 
entropy of radiation in electromagnetic 
terms^’. Intensity of radiation can be 
expressed as a Fourier series. Each term 
is called a partial oscillation and in gen¬ 
eral has a random phase. Radiation with 
random phases in its partial oscillations 
is called ‘natural radiation’. This ran¬ 
domness in phases gives rise to entropy 
of radiation. Thus the untuned or disor¬ 
dered radiation is indeed natural radia¬ 
tion. The existence of radiation entropy 
is another philosophical thought in 
Planck’s approach, supplemented by his 
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remark that radiation carries with it 
entropy along with the electromagnetic 
energy. The phase randomness in natu¬ 
ral radiation is analogous to the position 
and velocity randomness in gas mole¬ 
cules; they are in a state of molecular 
chaos. 

When natural radiation interacts 
with a single oscillator, the latter suffers 
interactions that are random. This 
gives rise to the entropy of a single os¬ 
cillator in presence of the natural radia¬ 
tion. This forms an answer to Jeans’ 
objection^’^: how can a single oscillator 
have an entropy? It is not the lone 
oscillator but the random interactions of 
the natural radiation with it that 
give rise to the entropy of the oscillator. 
How this argument of Planck escaped 
Jeans’ attention is not clear. The ex¬ 
pression for the total entropy of 
the cavity plus the radiation was written 
as 

*^Total “ 2 j‘ 5 't^scillalors 

The second term is the entropy of the 
radiation field, is the entropy density. 
How Planck arrived at his radiation 
formula from the entropy considerations 
has been described by the present 
author'-^ earlier partly in this journal and 
partly elsewhere“\ His equation for 
entropy corresponding to his radiation 
formula was 


S = 





cxu av] 


( 2 ) 


where a\ a are constants. 

We write below the expression for 
radiation intensity derived by Planck 
and later used by Laue. However 
Planck^ gave a Justification for his in¬ 
tensive expression {e is the base of natu¬ 
ral logarithm, b a constant, 6 a 
parameter), 


‘^oscill ” “ iQ 

av evb v 


( 3 ) 


= electromagnetic entropy given to 
the radiation emitted, 


which was one of the bases for deriving 
eq. (2), where U is given by the classi¬ 
cal result, 


U = ^Rv. 


( 4 ) 


Here Ry is involved in defining the en¬ 
ergy of a linearly polarized beam in the 
spectral range dv via Ry dvdadQ as the 
energy emitted by a surface element da 
in time dt in the solid angle dQ where c 
is the speed of light. 

When radiation traverses through a 
dielectric, according to Kirchhoff- 
Clausius law (reference not quoted by 
Planck'^), R^ changes to R/i]^, where 
is the refractive index. Consider radia¬ 
tion emitted from a surface element da 
to another one da' situated at a distance 
r. In time d/, in the frequency interval v 
to V + dv, energy flowing is 

{2R„ da da'dv d/}/r^ (5) 


Laue’s thermodynamics of 
interference 

In thermodynamics we distinguish be¬ 
tween reversible and irreversible proc¬ 
esses from two points of views: 

a) According to Clausius, a process is 
reversible if it can run both forward 
and backward. Planck modified this 
statement by adding the condition: 
initial and final thermodynamic 
states must coincide. 

b) Entropy in an irreversible process 
always increases but in a reversible 
process it either decreases or re¬ 
mains constant. 


where 2R^ is defined as the brightness 
of the unpolarized radiation of fre¬ 
quency V. Total intensity is defined by 

( 6 ) 

which is written as 

= 2R,Fo), (7) 

where F is the area of the image surface 
and CD is the solid angle. Now eq. (2) 
gives the temperature of the radiation 

0 = av/{\niabv^a)FIc^ J^)} (8) 

and for a medium with refractive index 
n. 


9 = av/[ln{2bv^a)n^ Flc~ Jy)}. (9) 

The so-calculated temperature 9 of 
the radiation is called the electromag¬ 
netic temperature and is maintained as 
long as the radiation propagated unhin¬ 
dered by absorption or splitting of the 
beam. The free propagation of radiation 
even with spreading is a reversible 
process. If in refraction or reflection 
there is no loss in energy again, the 
process is reversible. Any weakening of 
intensity due to splitting of radiation in 
two or more directions as in case of 
diffuse reflection causes a lowering in 
the temperature of radiation. Therefore 
interference and diffraction are also 
irreversible processes. Let us see how 
Laue contradicted this statement for 
interference in a Michelson’s interfer¬ 
ometer where no diffraction effects oc¬ 
cur. 


We have two principles characterizing 
entropy: a) the principle of increase of 
entropy and b) additive property of en¬ 
tropy. Lfsing the additive property of 
entropy, Laue^^ proved that in case of 
interference the entropy of coherent 
bundles of rays always decreases. For 
this purpose he chose the example of 
interference in a Michelson’s interfer¬ 
ometer to which equation (2) of Planck 
(Note 1) can be applied directly. 

Laue puts expression (5) in a slightly 
different form. The energy of a plane 
polarized radiation bundle with inten¬ 
sity R in vacuum, frequency coming out 
of a small opening with angle falling on 
a focal plane with area f at angle 9 in 
time is proportional to 

tfco\n9Rdv. ( 10 ) 

The eq. (2) assumes the form 


S^tf(D\n9k- 


1 + 


c^R 

hv^ 


In 


14- 


£3 

hv^ 


■—\n— 

hv^ hv^ 


dv, (11) 


where c is the speed of light, k and h are 
Boltzmann’s and Planck’s constants 
respectively. Let there be two radiation 
bundles with intensities R\ and /? 2 - How 
does their entropy behave at constant 
energy assuming the validity of the 
addition theorem of entropy? In inter¬ 
ference, the amplitude sums R\ + R 2 und 
the differences R\ ~ R 2 are involved. 
The constancy of energy implies 
R[ -v R 2 = constant while entropy is a 
function of R\ ~ R 2 (A5' = A2/7', 
Ag = ~ R 2 )- Putting, 
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= (a + jc). 


C^i?2 

hv'^ 


= (<3-x), 


( 12 ) 


we obtain 

1 1 

x = ±^iR^~R2) 

2 hv'^ 

1 

a = ±-f^{R^+R2) 

2 hv'^ J 


(13) 


Thus X is proportional to entropy and a 
to energy. By addition theorem, the 
entropy of the two bundles is 

/ (x) = (1 + <3 + x) In (1 + a + x) 

- (fl + x) In + x) + (1 -E a - x) 

In (1 + a - x) - {a - x) In (a - x), 

(14) 


Differentiation with respect to x gives 


/(x) = ln 
fXx) = - 


l + a-^x , \-)ra-x 

-In- 

a-\-x a-x 

2{a^ + <2-x^) 

[(l4-fl)--x^](a^-x^) 


.(15) 


Equating f\x) to zero gives the range 
-a < X < a in which /''(x) < 0. Thus / (x) 
has only one maximum which lies at 
X = 0. Entropy proportional to x thus 
decreases with the difference R\~R 2 - 
The shape of/(x) will be drawn in Fig¬ 
ure 4. With the decrease in entropy the 
temperature of the bundle of rays in 
absolute units increases as the energy 
remains constant. 

Laue applied these results to a 
Michelson’s interferometer (Figure 1) 
whose splitting plate P is totally unsil- 
vered and is made out of a material 
having negligible absorption coeffi¬ 
cients. This assumption makes the phase 
difference between the interfering rays 
independent of wavelength. The two 
side mirrors S\ and S 2 are fully silvered 
and are perfect reflectors. Let a wave of 
unit intensity be incident on P. The re¬ 
flected wave incident on S; will have 
intensity r, the transmitted wave inci¬ 
dent on S 2 has intensity 1 — r, where r is 
the coefficient of reflection of the sur¬ 
face of the plate P. The reflected wave 
is represented by dashed lines while the 
transmitted one by continuous. The mir¬ 
ror Si reflects the ray with the same 
intensity r which after transmission by P 
has the intensity r(l — r). Likewise the 
ray transmitted by P has the intensity 
1 - r and is reflected from S 2 with the 



\ 

X 


--- —.fS, 




N S 


Figure 1. Laue’s analysis of interference in Michelson’s interferometer. 


same intensity then partially reflected 
by P with intensity (1 - r)r and trans¬ 
mitted with intensity (1 - r)^. The pair 
marked (1) travels opposite to the inci¬ 
dent wave with phase difference 
2(6,-dX 6, is the phase change on 
reflection and <5^ is the phase change on 
transmission through the plate P. The 
pair marked (2) travels with phase dif¬ 
ference zero, each wave having intensity 
r(l - r). They interfere to give a maxi¬ 
mum of intensity 4r(l — r). The remain¬ 
ing intensity 1 -4r(l - r) equals that of 
the pair (1). 

= (16) 

Waves of the first pair have intensi¬ 
ties and (1 - r)^ i.e. the amplitudes 
are r and 1 - r. The resultant on inter¬ 
ference is 1 — 2r. Their phase difference 
2(d,-6^) = ± n. We now use indices 
(1) and (2) for first and second reflec¬ 
tion and transmission then 


(a«+<5pi)-(<5®+aP) = o 1 

(5l'l+<5P)-(<5P>+4"') = ±4‘ 


These equations hold true for all 
wavelengths. If the bundle incident at P 
has intensity /?, the two rays that origi¬ 
nate by reflection and transmission have 
intensities. 


/?2=(l-r)4‘ 


( 18 ) 


These are reflected normally by S[ 
and 52, return to P and are transformed 
to 

By energy conservation 

/?{4* jR2 “ + '^2 * (20) 

Energies of the final and initial states 
are equal. To see the change in entropy 
let us put r<l/2 then by eq. (21) 
R 2 <Ri. If r>l/4 by (18) and (19) 
> R 2 and by (20) R 2 ' < Ri- 


\R{-R2\>\R]-R2\> (21) 
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When r> 1/2, i?, > R 2 and for r < 1/4, 
Rt'> Ri and again (21) holds. Thus 
entropy decreases when 

-<r<-, (22) 

4 4 

Otherwise it always increases. In the 
above range of r, interference is a re¬ 
versible process and is an exception to 
the general statement that in interfer¬ 
ence entropy increases. 

Next Lane discussed the relation of 
Perpetuum mobile (perpetual motion) of 
the second kind to the thermodynamics 
of interference. The continual working 
of a machine that would create its own 
energy in violation of the first law of 
thermodynamics is perpetuum mobile of 
the first kind, while the continual op¬ 
eration of a machine which would work 
by utilizing energy of only one reservoir 
in violation with the second law is 
called perpetuum mobile of the second 
kind'^. Laue considered two diathermic 
media (Figure 2) separated by a surface 
E. Si, S 2 , S 3 and S 4 are perfect black 
bodies. Si sends out rays that on reflec¬ 
tion and refraction at / get absorbed by 
S 2 and S 3 respectively. Likewise rays 
sent by S 4 are absorbed by S 3 and S 2 . 
The entire system is in thermal equilib¬ 
rium. 

If the rays from Si and S 2 interfere, 
then either S 2 receives more energy 
from / and S 3 less or vice versa. The 
thermal equilibrium is then disturbed. 
The bodies will be heated or cooled 
without any associated changes. This 
would violate the impossibility of per¬ 
petual motion of the second kind. Equi¬ 
librium is attained only by natural 
lihliaiion in which coherence does not 



S, 


Figure 2. Impossibility of Perpetuum 
Mobile inside a cavity maintained at 
constant temperature. 


exist and no interference can occur. This 
forms the basis of the validity of the 
second law. 

Boltzmann’s definition of entropy in 
terms of thermodynamic probability W 
is 

S = klog B/.' (23) 

This explains all the above discussed 
facts. If a system consists of two subsys¬ 
tems with entropies Si and So, 


Si = k log Wi and S 2 = k log W 2 . (24) 

By addition theorem, W-Wi>W 2 
which implies that the subsystems are 
totally independent of each other. In 
interlbrence the two coherent beams are 
not independent of each other and the 
addition theorem is no longer applica¬ 
ble. 

We are omitting Laue’s discussion of 
certain paradoxes and pass on to his 
precise definition of partial coherence. 


(/ + g)^=/^+.?^+2/g, (27) 

where 


r+y 

t 

cos {Imn - (py) cos {Inv't - y^<). (28) 

Here t is the shortest time interval 
needed for doing a measurement, it is 
large compared with the periods of os¬ 
cillations. Integration with respect to 
time gives 


/g = -^Jjdvdi//vC/ 


I sinzr(i/- v)y [ 
\ k{v' - v) J 


cos [jtiv' ~ v)i2t + y)- (y,,* - (p^)], 

(29) 


The term with v'+v is negligibly 
small and is neglected. Introducing 
variables 


Partial coherence from 
interference thermodynamics 

Michelson defined visibility of interfer¬ 
ence pattern by the ratio 

y — Uvni\x~ 4nin)/(Anax ^mtn)* (25) 

V - 1 when /^in = 0 , i.e. when two co¬ 
herent rays with equal intensities inter¬ 
fere. F = 0 when the rays are incoherent. 
For intermediate values of V, the inter¬ 
fering rays are said to be partially co¬ 
herent. No measure of partial coherence 
was so far defined. There is no perfectly 
monochromatic source. Every spectral 
line has a line width. In a Michelson’s 
interferometer if the path difference is 
increased, there comes a stage when 
interference ceases to occur. This is 
interpreted in terms of the line width of 
the radiation used. 

Laue’s starting point was the Fourier 
integral representation of two waves 
with frequencies v and v\ 

fit) = IdvFy cosiljtvt - (p„), 

git) = Jdv'G„> cos( 2 zrv' ~y„), (26) 

If the sin function is used in place of 
cos the corresponding quantities are 
written as and g*. When the two 
waves (26) are superposed, their energy 
is the average 


A~—iv'-v), ju~—iv'~v), (30) 

2 2 

only a narrow strip about the line pi = 0 
comes into consideration where 

{ sin(27r^y) }/27r/^y = 1. (31) 

Eq. (29) assumes the form 

cos [4nfit - (yi+^, - ■ (32) 

Thus Jg^O for both v -v' and v ^ 

The phase difference ~ I3uctu- 
ates randomly and rapidly with time. 
For coherence we introduce a constant a 
by 

y^-(p^-a (33) 

and relate 

G,=pF„ (34) 

p being another constant. The above two 
equations were used to write 

g = p (fcos a+f* sin a). (35) 

Thus 

Jg = pif^ cosa +ff*sma). (36) 
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Putting 

^ = /* i,e. p = l, = 

yx+fx -<PX-ix=^ + ^<PX+II - <PX-fi ) 

(37) 

Equation (32) due to integration sym- 
metric about ju = 0 gives 

W* = ■jlJ 

sin [4n/j.t - - <Px-/,) - O’ (38) 

Thus changing f to f* implies replacing 
9v by <Pv + ^(2. In eq. (29) all functions 
change sign, 


a) (/*)* = -/, 1 

b) (/ + g*) = /*+g*r 


The following averages were derived: 


a) j% = pcosa/^ 
h)Jp = -f>&\r\af~ 

c) f*g* = fg 

d) 7^ = 7^ 

&)f*g = -fg* 


(40) 


Rewriting (36) as a completely coherent 
function 

g^ = p (/‘cos a+/* sin a), (41) 

we say that g contains a coherent func¬ 
tion /. Let gf be an incoherent func¬ 
tion, then we have a partially coherent 
function, 


g = 8f+ gf^ 


(42) 


Further, 


Equations (40a), (40b) and (40e) are 
still valid but g-* gf- Equations (38), 
(41) and (40d) give 

(a) gj = p'^P 

(b) ^ = -cos2‘3/^ g/ 

{c)J^ = fg*^=sm^a-p-8^f- 


Adding (b) and (c) and rearranging, 


72 12 - 72 "'/^* 


(45) 


r r 


g 


is called coherence of / in g. The 
quantity 


Jfs = 1 " % 


(46) 


was defined as incoherence of f in g. 
The limiting cases ifg = 0 and 1 corre¬ 
spond to absolute incoherence and 
complete coherence. 

Entropy of two partially 
coherent bundles (Note 3) 

If R is the intensity of radiation in vac¬ 
uum, then in a medium of refractive 
index n it is R/n^. This is called specific 
intensity defined as 



f=P'>P, g= &^P- 
Thus in general 
f=5(p+pip 




(53) 


(54) 


k = R/n^. (47) 

The entropy S of radiation is*"* 

S = aL{k) (48) 

where <7 is a constant and in analogy 
with eq. (15), 



1 + 


c2k 

hv^ 


Inl-l- 


iL] 

hv^ J 


Pk 

hv^ 


In 


hv^ j 


(49) 


Since the incoherence j satisfies the 
equation 

jk]k2 = (1 - i)kik2 _ _ 

= /V-(/g^+/g*^)- 

using (52) Laue expressed p,g^,fg 
and fg^ in terms of (p and 1 /;, showing 
that 

f7-(¥+f8^) _ 

= (p^ - {(p'lp^ - ip'^p *^), (55) 


Now consider two partially coherent 
radiation bundles p and p in Figure 3 
polarized in plane of incidence fall on 
the surface of separation of two dielec¬ 
tric media. If and kn be the specific 
intensities, total energy is o(ki + kj) = 
constant and 


ki + k2 = r (50) 

is an invariant. At the boundary there 
originate two new waves, 


which implies that 

jkik2 = /" (5b) 

is a second invariant. For complete in¬ 
coherence, 


j = 1, /ci + ^2 = H’ hh = ^ ' 
it, =i(;'-i-V/'^-4r 
K2=^{V-P''^ -AI" 


(57) 


/=(5(P, g = -p<p. 


(51) Thus the entropy for two bundles is 


where the negative sign of p means a 
phase change of xt in reflection. Since 

^ have 

(52) 


S = alUki) + Lik2)] 

= o^L[^I' + -Jl'^-4r^ 

+L[^(r-V/'^-4r}], 


If;p = 0 


which for j ^ I, becomes 
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^ = ff[l{i(fe,+*2) 

+V(&i+*2)^-W2}+i{i(M + h) 


-V(*l+*2) -W2 


(ki + k^r - 4-jkik2 

= {ki - ^ 2 )^ + Aikik2. 


To discuss this result graphically, Laue 
put 


Entropy 



Coherence 


= + = a-X (60) 

hp hv 

eqs (49) and (58) show that S is propor¬ 
tional to 


(^(JC, (•) = f{a + Va^-(l-i)(a^-x2) 
-/(a - tJci^ -jc^). 


Figure 4. Upper part: variation of en¬ 
tropy in interference with the difference 
in intensities of two coherent beams. 
Lower part: surfaces of constant entropy. 



where/stands for the function 
/(x) = (1 + x) ln(l + x) - X In X. 

(62) 

The quantity a = c^{ki + k 2 )/hv^ remains 
unchanged in reflection and refraction 
and can be treated as a constant. Laue 
regarded 


/'(;c) = ln(^l + ^j 

decreases with increasing x, the physi¬ 
cally meaningful range of curly brackets 
is negative but its multiplier is positive, 
thus d(/}Idi < 0 which holds at x = 0 and 
i = 0 where 




as three rectangular coordinates and 
looked for surfaces that determine (61). 
Since x appears as x^ in (61) it is sym¬ 
metric about the plane x = 0. The do¬ 
main of interest is defined by 0 < f < 1 
and ~a < X < a. 

For i = 0, 


(p = F (x -h a) +f (a -x). 


_ lim /L'(i + VI}-/Vi-^/r)} 

dt i —>0 /r 

l + a 

with increasing coherence; for constant 
intensities the entropy of bundles de¬ 
creases. Along the boundary lines 
X = ± a, d(p/di = 0 but since k[ and k 2 
here are both zero, coherence has no 
meaning. 

The mean conclusions drawn by Laue 
were: 


(2) At X = ± a, / = 1, di/dx is indetermi¬ 
nate; there are singular points. The 
lines X = ± ci, f = 1 are lowest level 
lines. The highest level lines are de¬ 
fined by xo = 0. 

(3) For all pairs of rays of equal energy, 
there are two incoherent radiation 
bundles with equal intensity having 
highest entropy; for all level lines, i 
has a maximum value xq la 2 > 

These curves of equal entropy show 
changes like the coherence of a ray pair 
in a simultaneous reflection and refrac¬ 
tion. All the states which are repre¬ 
sented by the points of the same curve 
can be transformed into each other by a 
suitable choice of reflection coefficient. 
For example, two incoherent rays are 
transformed into, two partially coherent 
ones when their intensities are wholly or 
partially compensated. The maximum 
coherence is achieved by complete 
compensation. If the intensities of inco¬ 
herent rays are AT/ and K 2 then 


_ ~ ^2 


(65) 


Conversely, every pair of partially 
coherent ray bundles can be by simulta¬ 
neous reflection and refraction, trans¬ 
formed into an incoherent pair when the 
difference between their intensities is 
increased. Exceptions are completely 
coherent and completely incoherent 
bundles. 

The last part of this paper of Laue^"^ 
discusses the partial coherence of three 
radiation bundles. This aspect will not 
be included here. 


Importance of partial 
coherence in modern optics 


For x= ±a, (p =f(2a), it rises with de¬ 
creasing X, till X = 0, i.e. for equally 
intense radiation bundles (p = 2f{,a). This 
is shown in the upper part of Figure 4. 
The quantity <p-f{2a) is in arbitrary 
units and x is plotted on abscissa. The 
lines / = 1, x = ± a and (p =^f{2a) en¬ 
close entropy surfaces. 

Laue calculated 



(1) The entropy surfaces are perpen¬ 
dicular to the three bounding lines. 
Curves of equal entropy are, 

= (6.3) 

where xo is a parameter of the curve. 
This is shown in the lower part of 
Figure 4. The differential equation 
of these curves is: 


di ^ 2x(l-0 
dx - x^ 


(64) 


Laue used a single frequency in his cal¬ 
culations. However monochromatic a 
source may be, it has a spectral distri¬ 
bution over a small frequency range. 
This indeed required a modification in 
Laue’s theory. A rigorous treatment is 
given by Born and Wolf^'\ but a lucid 
discussion is due to Matveev^^. 

With a source having a spectral line 
with a given intensity distribution 
(Gaussian or Lorentzian) one calculates 
out the visibility factor (eq. (25)) in 
terms of certain integrals. It is found 
that for small path differences, visibility 
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is better for Gaussian line shape and for 
larger path differences it is better for 
Lorentzian line. 

Another consequence of the modern 
development is distinction between 
temporal and spatial coherence. Every 
analysis of interference involving divi¬ 
sion of amplitude uses temporal coher¬ 
ence which involves the spectral width 
of the frequency used. If the intensity 
maxima of A + dA falls on the intensity 
minima of A, the interference pattern 
becomes less distinct (more blurred). If 
Q is the angle between the rays and the 
interferometer axis, 

Id InO = m (A + dA) = (m + 1/2)A, 
mAA = A/2, 


or 


2d ln0 = 

2AX 

_ Av _ 

” 2A2 


2AA 


2 



Av y^. «1. 


is called the coherence time and cyc 
the coherence length. These considera¬ 
tions were applied to the Fabry-Renot 
interferometer by Saha^^. When quad- 
rupole radiation is used, visibility 
changes^^. 

When the division of wavefront is in¬ 
volved, e.g. Frenel’s biprism or mirror, 
the size of the source comes into pic¬ 
ture. Spatial coherence is now used. The 
increase in the size of the source causes 
decrease in the visibility of the fringes. 
Different points in the source give rise 


to different set of fringes mutually dis¬ 
placed with respect to each other. The 
pattern gets blurred. Path difference 
between the rays coming from the ex¬ 
treme parts of the source must be less 
than 2/2. The best description of spatial 
coherence is given in terms of the sto¬ 
chastic theory. These details are re¬ 
served for a separate review article. 
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HISTORICAL N OTES 


Part II Chapter III, German Translation 
of the original Russian by Georg 
Schultz. 


Notes 

1. Equation (2) is the stage of bifurcation. If 
one proceeds according to Planck, one 
can arrive at his quantum formula of en¬ 
ergy distribution - the Planck’s law. On 
the other hand, if one follows Laue’s 
method, one arrives at thermodynamics 
of interference and mathematical defini¬ 
tion of partial coherence. Since the pres¬ 
ent article deals only with the 
thermodynamics of radiation, the latter 
aspect has been preferred over the for¬ 
mer. 

2. If the variation in- visibility with the re¬ 
flection coefficient r of the plate P of 
Michelson’s interferometer be studied, it 
would be possible to test Laue’s predic¬ 
tion. This can be done in two ways. Ei¬ 
ther the plate P be subjected to controlled 
partial silvering accurately varying r or 
by choosing different dielectric materials 
that have different reflectivities. To the 
best of the author’s knowledge, such an 
experiment has never been reported. 

3. Laue’s derivation is quite lengthy. Only a 
summarized version highlighting the 
main points is given here. 
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PERSONAL NEWS 


Surjit Singh - An obituary 


Surjit Singh, Professor of Chemistry 
at the Indian Institute of Techno¬ 
logy, Madras died on 6 September 
1997. 

Surjit obtained his B Sc and M Sc de¬ 
grees in chemistry from Agra Univer¬ 
sity, and obtained his Ph D degree from 
IIT, Kanpur under the guidance of 
C. N. R. Rao. After his Ph D, he was a 
post-doctoral Fellow at the University 
of Calgary, Canada. He was also an 
NRC/CIDA Research Fellow in Canada 
during 1968-69 and also later during 
1975-76. He joined the Chemistry De¬ 
partment of IIT, Madras as a Lecturer in 
1969, became an Asst. Professor in 
1971 and a Professor at Regional So¬ 
phisticated Instrumentation Centre 
(RSIC) in 1979. He was a Fellow of the 
Alexander von Humboldt Foundation 
working at the University of Marburg, 
Germany and later a DFG Visiting Pro¬ 
fessor at the University of Siegen, Ger¬ 
many. In 1995 he visited Japan on an 
INSA-JSPS fellowship. 

He was elected to the Fellowships of 
the Indian Academy of Sciences, Banga¬ 
lore in 1986 and the Indian National 
Science Academy, New Delhi in 1988. 
He was awarded the INSA Asundi Me¬ 
morial Award for research in Physical 
Chemistry, 1994. He has made signal 
contributions to theoretical and experi¬ 
mental aspects of intermolecular inter¬ 


actions, vibrational and Raman spec¬ 
troscopy, niolecular association, solva¬ 
tion phenomena, etc. He showed how 
Raman spectra of solutions of electro¬ 
lytes in dipolar solvents give definite 
evidence to anion molecular interactions 
through the CH 3 groups. Some of his 
studies focused on the effect of coop- 
erativity in stabilization of liquid 
structures. Isotropic Raman spectra 



of solutions have been used for the 
evaluation of vibrational relaxation 
times which have given information on 
the structure and stability of complexed 
species. He has also done extensive ab 
initio calculations on solvated ions and 
ion pairs. 

Surjit Singh has made important con¬ 
tributions to curriculum development, 
teaching and research of the Chemistry 
Department of IIT, Madras. His elective 


courses on advanced molecular spec¬ 
troscopy were very well received even 
by the physics students. Surjit has 
guided a large number of students for 
Ph D degree in Chemistry, and they now 
occupy important academic and admin¬ 
istrative positions in institutions across 
the world. 

Apart from having been an excellent 
academician, Surjit was a marvelous 
human being, always helping his friends 
and colleagues with a generosity sur¬ 
passed by none. In his demise, the In¬ 
dian scientific community, the Indian 
Institute of Technology and the Re¬ 
gional Sophisticated Instrumentation 
Centre have lost one of their most be¬ 
loved personalities. The community of 
chemists will fondly remember him with 
admiration and affection. Surjit Singh 
(born on 12 June 1994 at Jhelum), son 
of Mrs and Mr Budh Singh leaves be¬ 
hind his wife Baljit Kaur and two 
daughters. 


S. SUBRAMANIAN 
T. Pradeep 
P. T. Manoharan 

Regional Sophisticated Instrumentation 
Centre and Department of Chemistry, 
Indian Institute of Technology, 

Chennai 600 036, India 


Edited and published by Prof. B. Balaram and Prof. S. R. Ramaseshan, Current Science Association, Bangalore 560 080. 
Typeset by Wintecs Typesetters (Ph: 3327311), Bangalore 560 021, Printed at Printek Printers, Bangalore (Ph: 3357763). 


892 


CURRENT SCIENCE, VOL. 73, NO. 10, 25 NOVEMBER 1997 




CURRENT SCIENCE 

A fortnightly journal of research 

Editors: P. Balaram and S. Ramaseshan 


Editorial Board 

S. Arunachalam, Department of Humanities, Indian Institute of 
Technology, Chennai 600 036 
Asis Datta, Jawaharlal Nehru University, New Delhi 110 067 
D. Baiasubramanian, Centre for Cellular and Molecular Biology, 
Hyderabad 500 007 

J, Chandrasekhar, Department of Organic Chemistry, Indian 
institute of Science, Bangalore 560 012 

R. Gadagkar, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

K. N. Ganeshaiah, Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, Bangalore 560 065 

R. V. Hosur, Tata institute of Fundamental Research, Mumbai 
400 005 

N. V. Joshi, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

Jyotirmoy Das, Indian Institute of Chemical Biology, Calcutta 
700 032 

C. C. Kartha, Division of Cellular and Molecular Cardiology, Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram 695 011 

S. S. Krishnamurthy, Inorganic and Physical Chemistry 
Department, Indian Institute of Science, Bangalore 560 012 

S. C. Lakhotia, Department of Zoology, Banaras Hindu 
University, Varanasi 221 005 

K. Wluralidhar, Department of Zoology, Delhi University, 
Delhi 110 007 

R. Narasimhan, CMC Limited, Bangalore 560 001 
K. Neelakantan, ANURAG (Advanced Numerical Research and 
Analysis Group), Hyderabad 500 258 

R. Nityananda, Raman Research Institute, Bangalore 560 080 

T. Padmanabhan, Inter-University Centre for Astronomy and 
Astrophysics, Pune 411 007 

B. R. Pal, Propulsion Division, National Aerospace Laboratories, 
Bangalore 560 017 

T. J. Pandian, School of Biological Sciences, Madurai Kamraj 
University, Madurai 625 021 

Y. S. Rajan, Confederation of Indian Industry, New Delhi 110 003 
M. Ramakrishnan, AMSE Wing. Geological Society of India, 
Bangalore 560 078 

A. V. Ramani, T. T. K. Pharma Ltd., Bangalore 560 025 

S. Ramaswamy, Department of Physics, Indian Institute of 

Science, Bangalore 560 012 .... 

A. K. Raychaudhuri, Department of Physics, Indian Institute of 

Science, Bangalore 560 012 , , 4 . 

S. R. Shetye, Physical Oceanography Division, National Institute 
of Oceanography, Dona Paula, Goa 403 004 
V. Siddhartha, 51 Bharati Nagar, New Delhi 110 003 
V. Srinivas, School of Mathematics, Tata Institute of 
Fundamental Research, Mumbai 400 005 
G. Srinivasan, Raman Research Institute, Bangalore 560 080 
R. Uma Shaanker, Department of Crop Physiology, University of 

Agricultural Sciences, Bangalore 560 065 
K. S Valdiya, Jawaharlal Nehru Centre for Advanced Scientific 

Research, Bangalore 560 064 x u . i ..ominn 

G. Venkataraman, Sri Sathya Sai Institute of Higher Learning, 

M. ,n,and Robo,^, 

K. VUayRaghavan° TIFB Centre. Indian Institute of Science 
Campus, Bangalore 560 012 


Current Science, founded in 1932, in published by the Current 
Science Association in collaboration with the Indian Academy 
of Sciences. The journal is also intended as a medium for 
communication and discussion of important issues that 
concern science and scientific activity. All articles published in 
Current Science, especially editorials, opinions and 
commentaries, letters and book reviews, are deemed to reflect 
the individual views of the authors and not the official points of 
view, either of the Current Science Association or of the Indian 
Academy of Sciences. 

Working Committee, Current Science Association 

P, Balaram, Indian Institute of Science, Bangalore 

R. Chidambaram, Department of Atomic Energy, Mumbai 

V, K. Gaur, Indian Institute of Astrophysics, Bangalore 

K, Kasturirangan, Department of Space, Bangalore 

P. K. Kaw, Institute for Plasma Research, Gandhinagar 

N. Kumar, Raman Research Institute. Bangalore {Vice-President) 

N. V. Madhusudana, Raman Research Institute, Bangalore 
(Secretary) 

A. Mani, Field Research Unit, Indian Institute of Tropical 
Meteorology, Bangalore (Past-President) 

R. A- Mashelkar, Council of Scientific and Industrial Research, 
New Delhi 

R. Narasimha, Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bangalore 

G. Padmanaban, Indian Institute of Science, Bangalore 
(Vice-President) 

R. Ramachandran, The Institute of Mathematical Science, 
Chennai 

P. Rama Rao, Atomic Energy Regulatory Board, Mumbai 

S. Ramaseshan, Raman Research Institute, Bangalore 
(Treasurer) 

M. S. Valiathan, Manipal Academy of Higher Education, Manipal 
(President) ___ 

Editorial Office 

Editorial staff 

Chandrika Ramesh, G. Madhavan, T. D. Mahabaleswara, C. S. Ravi 
Kumar, M. S. Venugopal 
Circulation and Accounts 

Peter Jayaraj, Ranjini Mohan. B, Sethumani, Shanthi Bhaskar, 

B. K. Shivaramiah, R. Shyamala _ 


Annual subscription 1997 

Personal institutions Industries 
India Bs150 Rs350 Rs700 

All other countries US $50 US $200 - 

(AIR MAIL) 

Single copies other than special issues: Rs 50AJS $15 


Editorial Office: CURRENT SCIENCE 
C. V. Raman Avenue 
P. B. 8001 

Bangalore 560 080, India 
Telephone: 91-80-334 2310 
Fax: 91-80-334 6094 
email: currsci@ias,emet.in 

Copyright ©1997, Current Science Association 





INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss current trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary topics; science policy and administration; 
or some aspect of the application of science and technology to 
human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
ing 100 words, introductory paragraph(s), brief subheads-at appro¬ 
priate places to point to what follows, illustrations that will help 
a general reader, and references. 

Review articles (not exceeding 5000 words) are expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style. 
Research articles (not exceeding 4000 words) should report research 
results of fairly major significance. They should include an abstract 
not exceeding 100 words, introductory paragraph(s), and brief 
subheads. 

Research communications (not exceeding 2000 words) should 
contain important findings that are novel and of fairly broad 
interest. They should include a brief abstract and an introductory 
paragraph. Text should not be broken up under subheads. 
Correspondence includes letters, not exceeding 500 words, that 
are of general interest to scientists. All letters cannot be published. 
Scientific correspondence contains technical comments, including 
those on articles or communications published in Current Science 
within the previous six months. Letters may be reviewed and edited. 
Research news articles are intended to inform nonspecialists about 
recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be considered. Reviews 
that merely ‘list’ brief descriptions of the contents cannot be 
published. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
to relate to India. Illustrations are welcome. Brief items will also 
be considered. 

MANUSCRIPT PREPARATION 

Manuscripts should be typed double-spaced on one side of white 
bond paper (21x28 cm). The pages should be numbered con¬ 
secutively, starting with the title page and through the text, reference 
list, tables and figure legends. The title should be brief, specific 
and amenable to indexing. Not more than five keywords should 
be indicated separately; these should be chosen carefully and must 
not be phrases of several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text. All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines and technical terms 
should be defined. Tables and figures should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when absolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
measure should be metric or, preferably, SI. Methods should, as 
far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering. 
In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The correct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should be defined clearly in the legend. Primary 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 
References should be numbered in the order in which they appear, 
first through the text and then through table and figure legends. 
The following are examples of ways of writing references. 

1. Mukundan, T. and Kishore, K„ Curr. Set, 1991, 60, 355-362. 

2. Constantine. G., in Biology of Bats (ed. Wimsatt. W. A), 
Academic Press, New York. 1970. vol 1, pp. 319-322. 
Acknowledgements should be brief. Footnotes are not allowed 
except to identify the corresponding author if not the first. 

Cover photographs. Good photographs (colour or black and white) 
that pertain to a submitted paper will be considered for use on 
the cover. Good prints and a legend should be submitted with the 
manuscript. In the case of a colour picture, a transparency will 
be required for printing if accepted. 

PROOFS AND PUBLICATION 

Two sets of galley proofs are sent to the corresponding author. 
A reprint order form accompanies the proofs. 



Founded: 1932 



Volume 73 Number 11 

10 December 1997 

895 

In this issue 


CORRESPONDENCE 

897 

Medical research in India 

Siddhartha Shankar Ray, Response: S. Arunachalam 

899 

Ensuring global exposure 

J. Prakasa Rao 

900 

NEWS 

Impacts of disturbance on genetic resource of tropical forests 

900 

Tim J. Boyle 

Honorary members of the International Liquid Crystal Society 


RESEARCH NEWS 

901 

Subducting sea floors bridge the mantle divide 

A. V. Sankaran 

-— - 

COMMENTARY 

904 

Synthetic milk - Genesis, current status and options 

Parikshit Bansal and Neena Bansal 

906 

SCIENTIFIC CORRESPONDENCE 

A surfactant stabilized sol as substrate for surface enhanced Raman scattering 

907 

spectroscopy 

Tarasankar Pal, Nikhil R, Jana and Tapan K. Sau 

Species identification of snake-head fishes by nuclear DNA RFLP: Its taxonomic 
implications 

B K. Padhi and R. K. Mandal 

909 

GENERAL ARTICLE 

Ethnotherapeutics and modern drug development: Potential of Ayurveda 


Sukh Dev 


SPECIAL SECTION: MODELLING IN BIOLOGY 

929 

933 

Forays into theoretical immunology 

Lee A. Segel 

Modelling biochemical oscillations and cellular rhythms 

Albert Goldbeter 

940 

949 

Genetic modelling of complex human disorders 

Swapan K. Nath and Partha P. Majumder 

Are ecological systems chaotic? - An enquiry into population growth models 


Somdatta Sinha 

957 

Mathematical modelling of insulin kinetics 

Gita Subba Rao, J. S. Bajaj and J. Subba Rao 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


893 




968 

977 

984 

Effect of phenotypic plasticity on adaptation and evolution: A genetic algorithm 
analysis 

Narayan Behera 

Controlling chaos in biology 

Sudeshna Sinha 

Modelling plant growth and architecture: Some recent advances and applica¬ 
tions to agronomy and forestry 

Ph. de Reffye and F. Houllier 

993 

REVIEW ARTICLE 

Mechanism of insulin action 

B. B. P. Gupta 

1004 

RESEARCH ARTICLE 

Channel constituents of alkali-poor Orissan beryls: An FT-IR spectroscopic 
study 

George Mathew, R. V. Karanth, T. K. Gundu Rao and R. S. Deshpande 

1012 

1015 

1017 

RESEARCH COMMUNICATIONS 

Sialic acid levels in spermatozoa and luminal fluid of normal and infertile men 

M. Rajalakshmi, R. S. Sharma, P. C. Pal and M. M. Kapur 

Monte Carlo simulation of laser light scattering in mammalian organs 

Megha Singh and Susamma Chacko 

Microwave dissolution techniques for the analysis of geological materials by 
ICP-MS 

V. Balaram 

1023 

Erratum 

Surjit Singh - An obituary 
[Curr ScL, 1997, 73, 892] 

1024 

1025 

BOOK REVIEWS 

Vibrational Spectroscopy: Theory and Applications, reviewed by S. Mohan 
Annual Review of Immunology 1997, reviewed by Satyajit Rath 



COVER. Simulation of pine growth in a grove as the result of tree architectural 
development regulated by competition for space (self-pruning) and internal 
resistance to sap conduction. See page 984. 

Indexed in CURRENT CONTENTS/GEOBASE/CHEMICAL ABSTRACTS 


The editors thank Dr Somdatta Sinha, Centre for Cellular and Molecular Biology, 
Hyderabad for agreeing to be guest editor for the Special Section. 

Single copy of this issue, Rs 100/US $20. 


894 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 







In this issue 


Mathematical modelling in 
biology 

Biology is primarily an experimental 
science. From the descriptive coarse¬ 
grained approach, it has turned itself 
into a molecular science through the 
advancements in physicochemical 
techniques. To complete the circle, 
the trend is now to put together the 
detailed molecular information for 
getting the holistic picture. Theoreti¬ 
cal studies in biology have always 
gained from these transitions and 
evolved accordingly. 

Theoretical biology, like a coin, 
has two faces — abstraction and real¬ 
ity. The approach to confront a bio¬ 
logical problem depends on the face 
that one looks at. Since most workers 
in this field have made their forays 
from the physicochemical and mathe¬ 
matical sciences, the top-down 
approach is common in problem¬ 
solving. This approach, though con¬ 
sidered essential for physical systems 
and involves detailed mathematical 
analysis and abstraction, has alienated 
many biologists who find it too 
abstract to relate with the biology 
of the problems. There are some who 
have made serious efforts to fami¬ 
liarize themselves with the intricacies 
of biological processes (which are 
generally complex) and have 
attempted a realistic bottom-up 
approach to problem-solving. A 
rigorous, detailed, process-based, 
mathematical description of the bio¬ 
logical problem can give a realistic 
model which can give biologically- 
relevant results particularly suitable 
to the problem under study. 

It would be unwise to denounce 
one approach for the other. Both 
have their own subtleties and quali¬ 
ties. Incorporation of realism in 
models makes them, most often, very 
complex, and the analyses are gen¬ 
erally numerical. Such formulations 
have their inherent problems obvious 
to modellers. The abstract formalism 


hinges on the understanding that bio¬ 
logical systems use diverse ways (i.e. 
a variety of molecular mechanisms) 
to perform similar functions. In other 
words, a specific process is modelled 
using an abstract formalism (which 
may or may not have similarity with 
the underlying biological reactions) 
because the dynamic behaviour of 
the model is similar to the functional 
response of the process. In general 
these types of models are simpler 
and sometimes analytically tractable. 
Ideally one needs a formalism 
between the two extremes which can 
happen only with true exchange of 
information and collaboration bet¬ 
ween the theoreticians and experi¬ 
mentalists. Finally it is a biological 
problem that one aims to solve/ 
understand in terms of biological 
knowledge. Theory helps in concep¬ 
tualizing and putting the details in 
a coherent framework necessary for 
systematizing and prediction. 

This collection of papers in the 
Special Section in ‘Modelling in 
Biology’ attempts to give a flavour 
of the different types of problems 
and approaches that are currently in 
use in the area of theoretical biology. 

It is by no means complete in either 
of the above-mentioned aspects. Few 
of the papers review the activities 
in a particular field and attempt to 
present a general framework of 
understanding. Some others deal with 
specific biological problems using a 
particular theoretical methodology. 
Some describe theoretical advance¬ 
ments in other areas of science that 
is being applied to biology effec¬ 
tively. There was no intention to 
cover all the fields of enquiry in 
biology, nor to touch all the methods 
of mathematical modelling. Promi¬ 
nent among those which have not 
been covered are molecular structure 
and sequence analyses, neural net¬ 
works and neurobiology, and pattern 
formation and reaction-diffusion sys¬ 
tems. There have been good review 


articles on these areas in Current 
Science during the last few years. 

Lee A. Segel (page 929) gives a 
personal account of his decade-long 
contribution in theoretical immuno¬ 
logy. His paper deals with the inte¬ 
gration of a large body of data into 
a theoretical framework involving the 
unifying principles of feedback. 
Based on his in-depth experience, . 
the author has finally brought in the 
concepts of artificial intelligence to 
describe the immune system. In this 
thought-provoking review, Segel has 
attempted what is all theoreticians’ 
dream - to tie up many diverse prob¬ 
lems in immunology with a common 
thread. 

Rhythms are widespread in bio¬ 
logical systems and span time periods 
from milliseconds to years. In a syn¬ 
thetic approach, Albert Goldbeter 
(page 933) models a variety of 
oscillatory processes in cells which 
arise from very different molecular 
processes - from circadian rhythms in 
Drosophila to glycolytic oscillations 
in yeast. His work shows that the 
causative mechanism in the genera¬ 
tion of cellular rhythms in widely 
different systems is the presence of 
positive and negative feedbacks. His 
models are realistic and based on 
molecular details of the processes, 
and yet his framework is general. 

One field in biology that has had 
a long association with mathematical 
and statistical modelling is population 
genetics. Here complex statistical 
methods are used to analyse the gone 
frequency data in populations under 
a variety of models of intra- and 
inter-genic interactions. Swapan K. 
Nath and Partha P. Majumder (page 
940) have modelled complex genetic 
disorders in humans by considering 
other causal factors which act as 
sources of complexity in the inheri¬ 
tance or transmission patterns of a 
disease in families. Though the 
models are general, the authors in¬ 
dicate particular genetic disorders and 
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causal factors where their treatment 
can be applied. 

A long-standing debate in ecology 
has been the origin of variability in 
population abundance data. Some 
favour the hypothesis that the 
observed irregular oscillations are 
often manifestations of the inherent 
nonlinearity of the system. Others 
give arguments favouring homeosta¬ 
sis superimposed with environmental 
noise as the key source of the vari¬ 
ability. Acknowledging the presence 
of both in nature, my paper (page 
949) attempts to address the dicho¬ 
tomy by incorporating common eco¬ 
logical processes (e.g. migration) in 
the existing models. 

Mathematical modelling in physi¬ 
ology has always had a special 
importance due to its relevance in 
medicine. Gita Subba Rao, J. S. Bajaj 
and J. Subba Rao (page 957) have 
analysed different forms of the 
disease diabetes mellitus with a 
realistic model that incorporates 
many relevant physiological pro¬ 
cesses in balancing the glucose and 
insulin levels in plasma. This model 
not only gives a better fit to clinical 


data for different types of the disease; 
it also predicts, using different mathe¬ 
matical methods, the critical parame¬ 
ters which may have a greater role 
in developing therapeutic measures. 

Genetic algorithm (GA) has been 
considered to be an important tool 
to study evolving complex systems, 
and problems in evolutionary biology 
are particularly suitable for it. 
Narayan Behera (page 968) has 
reviewed the use of GA to study 
one of the fascinating problems in 
evolution ~ phenotypic plasticity - an 
extraordinary example of genotype- 
environment interaction during devel¬ 
opment. The study shows that plastic 
alleles can not only improve the 
degree of adaptation of the popula¬ 
tion, it also speeds up the rate of 
evolution with the help of regulatory 
genes. 

One development that has made 
deep impact in all sciences is the 
theory of chaos. Biological systems 
are both complex and nonlinear. 
Many a times the normal regular 
behaviour of a system is replaced 
by chaotic irregular functioning due 
to genetic or systemic changes 


(diseased state). Avoiding or control¬ 
ling such situations is a matter of 
important concern to theorists and 
experimentalists alike. Sudeshna 
Sinha (page 977) has reviewed the 
methods which have been developed 
to control chaos and their application 
as experimental tools in controlling 
cardiac and neuronal diseases. 

Ph. de Reffye and F. Houllier (page 
984) used a novel theoretical 
approach to model plant architecture 
based on the idea that plant func¬ 
tioning and structure are intimately 
related. They used computer graphics, 
morphological algorithms (fractals), 
formal grammar, theory of graphs 
and automata rules based on experi¬ 
mental data to generate three- 
dimensional virtual plants. With 
this synthesis of ecophysiological, 
morphological and mathematical 
knowledge, they have simulated the 
reaction of the plants to changing 
environments, and predicted the use 
of the knowledge for many agro¬ 
nomic and silvicultural applications 
by performing virtual experiments. 

SOMDATTA SlNHA 
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Medical research in India 


This has reference to the paper ‘How 
relevant is medical research done in 
India?-A study based on Medline' by 
Subbiah Arunachalam (Cuir. Sci., 1997, 
72, 912-922). 

The information about the poor per¬ 
formance of Indian medical researchers 
so far as the publication count is con¬ 
cerned is distressing, but the matter of 
more concern to the public at large is 
that no relevant research is being done 
by our medical scientists on diseases 
which severely affect people of our 
country. In Table 3, Arunachalam has 
highlighted the diseases which contribute 
to high fatality in our country as per the 
mortality and morbidity rates and 
naturally research should be spearheaded 
in this direction to combat the diseases. 
Arunachalam, justifiably becomes con¬ 
cerned about the underfunding ot health 
sector and indeed it reflects in poor quality 
of research done and published. 

I am working in the National Institute 
of Cholera and Enteric Diseases, one of 
the permanent research institutes of the 
Indian Council of Medical Research 
(ICMR). The research mandate of our 
Institute is on diarrhoeal diseases, an area 
which deserves priority research attention. 
Naturally, Arunachalam’s paper caught 
my attention particularly because I am a 
library professional. I have gone through 
the database of NICED publications for 
1987-1994 to check our publication 
pattern and to verify it it tails into the 
pattern described by Arunachalam. 

I should mention here at the outset 
that we do not have access to Medline 
or SCI databases so to nor do we have 
the hard copy version of Index Medicus. 
Consequently, I have consulted the Pub¬ 
lishing Journal Directory of ICMR Insti¬ 
tutes compiled by the Scientometrics Unit 
of ICMR which contains a list of 638 
journals and their coverage in various 
international databases including Index 


Medicus and SCI. The impact factors 
assigned to the journals are based on 
1994 JCR of SCI. Since the Directory 
was not exhaustive, data for a few journals 
were supplied upon request by the 
Scientist-in-Charge, INSDOC Regional 
Centre, Indian Institute of Chemical 
Biology Campus, Calcutta. For one 
journal however, impact factor (IF) was 
collected from another source. 

I have studied and analysed our 
publication database and found that it 
deviates from Arunachalam’s observations 
to a considerable extent and furthermore, 
the methodology adopted by Arunachalam 
may under-represent the actual publication 
output of any organization. Only journal 
articles were taken into account by 
Arunachalam in his study. Apart from 
the journal publications, scientists also 
contribute in Books/Monographs and 
many important publications regularly ap¬ 
pear in conference proceedings as well 
but Arunachalam has restricted his study 
to publications in journals only. As in 
the case of our Institute, 267 papers were 
published during the period 1987-1994, 
of which 33 or 12.35% of the papers 
appeared as non-journal publications. 
These publications were not reflected in 
Arunachalam’s study and the number of 
our publication output came down to 234. 
Next comes the matter of database cov¬ 
erage. Our Institute has several preclinical 
and paraclinical departments and the pub¬ 
lications generated from such departments 
appear in some journals which are covered 
by SCI and other databases but not Index 
Medicus database and many medical jour¬ 
nals also are not covered by Index 
Medicus database. For example, Current 
Science and Journal of Biosciences are 
two such Indian journals which were 
covered by SCI (as per JCR 1994) but 
not by Index Medicus. Microbial Ecology 
(IF: 1.814) and Journal of Microbiologi¬ 
cal Methods (IF: 1.208) are two among 
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such journals not covered by Index 
Medicus. Research publications on 
diarrhoeal diseases from our Institute, 
published in such journals were not taken 
into account during this study. To format 
our publications as per Arunachalam’s 
study design, the number of publications 
of our Institute further came down to 
185 only, which is 69.28% of the actual 
output. That means about one third of 
the total publications were left out. It is 
probable that many Institutes might face 
an experience similar to ours. It is quite 
obvious that such factors affect the 
exhaustiveness of the study. 

In his paper, Arunachalam has provided 
a list of 40 publishing medical institutes 
(Table 6) where All India Institute of 
Medical Sciences, New Delhi was at the 
top with 1630 papers and the Indian 
Council of Medical Research, New Delhi 
was at the bottom with 125 papers though 
in Table 5 Arunachalam mentioned that 
Indian Council of Medical Research con¬ 
tributed 1007 papers during the period. 
This adds confusion as to which data is 
correct. Ironically, our Institute with 185 
papers covered by Index Medicus, did 
not appear in the list! 

According to Arunachalam’s observa¬ 
tion, papers from India are mostly pub¬ 
lished in low-impact journals. As for 
example, 74.28% (14,822 out of 19,952) 
were published in journals with impact 
factor less than 1 or in journals which 
were not indexed in SCI and only 0.29% 
of papers (58 out of 19,952) are published 
in high impact journals with IF above 8. 
If this is the scenario, then publications 
from NICED are above this average as 
the rate is 51.98% for our Institute (for 
publications in journals with IF 0 or 
< 1) and this elevation standard is com¬ 
paratively more pronounced towards top 
having 25.94% papers with IF between 
1 and 2, 17.29% papers with IF ranging 
within 3 and 6, 4.86% papers with IF 
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between 8 and 18 including 4.32% of 
papers having IF above 17- And unlike 
Arunachalam’s experience, such high 
impact journals are exclusively on well- 
known mainstream medical journals like 
Journal of Clinical Investigation (IF: 
8.467) and Lancet (IF: 17.332). The rate 
at the base line would have been relatively 
better if all the 5C/-indexed journals (not 
covered by Index Medicus, hence ex¬ 
cluded) were included in the study. 

In this context, it is wortli mentioning 
that IF of a journal can be broadly 
explained as an estimation of average 
‘expected rate of citations’ of articles 
published in that particular journal for a 
certain period of time. The IF of Journal 
of Eukaryotic Microbiology as per JCR 
1994 was 2 which means that in average, 
each article published in that journal was 
expected to receive 2 citations. However 
this factor may vary as individual articles 
may obviously receive more or less 
citations according to the merit of the 
paper and several other factors. This is 
why the concept of ‘Relative Citation 
Ratio’ (RCR) came into being which is 
a ratio of ‘Observed Citation Rate’ (OCR) 
that is, the actual number of citations the 
article has received over a specific period 
of time and the ‘Expected Citation Rate’ 
(ECR) which is the IF of the journal in 
which the article has been published. 

Likewise, the average quality of papers 
generated from a particular organization 
can also be broadly determined by esti¬ 
mating the ‘Average Rate of Probable 
Citations’ (ARPC) per paper. If the 
cumulative total of the product of the 
number of papers published in a particular 
journal and its IF is divided by total 
number of publications for a specific 
period then: ARPC= ILNF/T, where N 
is the number of papers published in a 
journal; F is its IF and T is total number 
of papers. (ZNF = iVjF, + N^F^ + N^F^ + 

I have made such an estimate for our 
Institute for the 185 articles published 
during 1987-1994, Here the cumulative 
impact factor for 185 papers was 360.11. 
Dividing this number by 185, we get the 
value 1.946 (ARPC) of an article 
published from NICED during the period. 
In a field where three-fourth of total 
publication output appear in journals hav¬ 
ing IF less than 1, the value 1.946 appears 
to be quite acceptable. I do not have any 
idea whether this indicator has already 
been conceived, evolved or worked out 


and tested earlier by any information 
professional. However, I feel, this may 
be an useful tool of organizational 
assessment scientometrically. 

To conclude, I should mention that the 
above analysis reveals that the publication 
output of NICED is better than what was 
observed by Arunachalam and that his 
assessment has some obvious limitations 
as it under-represents the actual panorama 
of Indian medical research publication. 
In this context one question comes out 
naturally is ‘how relevant is Medline- 
based study to assess medical research 
done in India’? 

I thank Dr S. K. Bhattacharya, Director, 
National Institute of Cholera and Enteric 
Diseases for providing me permission to 
publish this paper and Dr G. B. Nair of 
NICED for reviewing the paper and for 
necessary corrections and modification. I 
also thank Sri S. K, Mukhopadhayay, 
Scientist-in-Charge, INSDOC Regional 
Centre, Calcutta for providing IF and 
Medline coverage of some of the journals. 

Note: Incidentally, it was identified that 
the OCR for a fairly good number of 
publications from NICED was much 
better than the ECR, As for example, 
according to SCI 1995, the paper by 
Bhattacharya, S. K. et al published in 
Journal of Infection (1993, 27, 11~15) 
received 12 citations in 1995 (IF of J. 
Infect = \ 356). Another paper by Nair, 
G. B. et al published in Journal of 
Infectious Diseases (1994, 169, 1029- 
1034) received 14 citations in 1995 (IF 
of 7/D = 4.781). We could not include 
the non-journal publications, but it 
appears that they also received citations; 
for example, the paper published by Nair, 
G,B. et al, in the 29th US-Japan Cholera 
Conference, 1993 (pp. 9-11) received a 
citation in 1995. These data were collected 
when I attended a workshop on Bib- 
liometrics at INSDOC in February 1997. 

NICED Publications 1987-1994: Fact 
Sheet 

Publication coverage: 

Total no. of publications: 261. 

Non-journal publications: 33 (12.35%). 

Journal publications: 234 (74.64%). 

Indian: 90 (33.7%). 

Foreign: 144 (53.93%). 

Document coverage: 

Total no. of documents: 89. 

Non-journal documents: 10 (11.23%). 


Journals: 79 (88.76%). 

Indian: 21 (23.59%). 

Foreign: 58 (65.17%). 

Publication (journal) coverage in data¬ 
bases 

Index Medicus coverage: 

Total no. of publications: 185. 

Indian publications: 66 (35.67%). 
Foreign publications: 119 (64.32%). 

SCI coverage (out of above 185 publi¬ 
cations): 

Total no. of publications: 123. 

Indian publications: 20. 

Foreign publications: 103. 

Impact Factor: 

Nil: 62 (33.51%). 

< 1: 34 (18.37%). 

1-2: 48 (25.94%). 

3-9: 33 (17.83%). 

> 17: 8 (4.32%). 

SiDDHARTHA SHANKAR RAY 

National Institute of Cholera and Enteric 
Diseases Library, 

P-33, CIT Road, Scheme XM, Beliaghata, 
P.O. Box 177, Calcutta 700 010, India 


Response: 

I thank Ray for reading my paper carefully 
and raising some interesting questions. 

There are a few points on which Ray 
has got me wrong. (1) I did not say that 
‘no relevant research is being done by 
our medical scientists’. For example, in 
Table 8, you will see paediatrics is close 
to the top in my analysis of Medline 
data, and infancy diseases are a major 
health concern in India. (2) Has ICMR 
published 1007 papers or 185 papers, 
Ray wonders. Simple. All institutions un¬ 
der ICMR (including the headquarters in 
New Delhi) together have published 1007 
papers. According to Medline, there were 
185 papers with an address ‘Indian Coun¬ 
cil of Medical Research’. Most of these 
papers are written by researchers working 
at ICMR headquarters. Some may be 
from other ICMR institutions, where the 
address line includes ICMR and not the 
name of the particular institution or the city. 

Ray has raised a few questions on the 
methodology used. Should we include jour¬ 
nal articles only or should we include 
conference papers, books, book chapters, 
internal reports, mimeographed lecture 
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notes, etc. also? I chose to restrict to 
journal articles for two reasons: most 
Journals indexed in Medline are refereed. 
Besides, bulk of new research is reported 
in journals. In any case, such a large volume 
of papers (even if I have not included 
non-journal items) should lead to statistically 
valid conclusions regarding the thrust areas 
of research, which was what I was trying 
to find out from the Medline data. 

Ray feels that my study does not cover 
Indian medical research ‘comprehen¬ 
sively’, and implies that I should have 
collected information from individual 
institutions (such as his own) instead ot 
relying on an international database. 
Horses for courses, they say. It was not 
my intention to inventory all Indian pub¬ 
lications — good, bad, indifferent, etc. — in 
medicine and related areas. I had a 
specific question to answer and Medline, 

I thought, eminently served the purpose. 
Besides, ‘comprehensiveness’ is such an 
elusive thing, you can never achieve it. 
What constitutes a ‘research publication’? 
Can we count the articles that D. 
Balasubramanian writes in the science 
and technology pages of The Hindu 
(which, incidentally, fetched him the 
Kalinga Prize of the UNESCO) as 
research publications? Certainly, they are 
always well written, always explain some 
useful and often current developments in 
science, and are widely read. On the 
contrary, medical researchers and editors 
like Samiran Nundy would not mind if 
some of what is normally considered as 
research journals published from India 
are not indexed in Medline or SCI. For 
my part, I have clearly defined what part 
of the literature originating from India I 
am covering in my paper; 1 have men¬ 
tioned Medline right in the title of my 
paper. Agreed that by making this choice. 


I lose papers published in journals like 
Current Science and Journal of Bio¬ 
sciences. But one has to pay a price as 
long as one lives in the real world and 
not in an ideal world! Even the Publishing 
Directory of ICMR Institutes is not 
exhaustive, as Ray admits. So, what is 
the problem if Medline is not exhaustive? 

That leads me to two points, (1) 
Medline is not stepmotherly to India and 
Indian journals. It does not cover many 
journals published in the USA, UK and 
Europe as well. The same is the case 
with SCI. Please read Gene Garfield’s 
note on the alleged bias of SCI against 
third world journals [Curr. Sci., 1977, 
73, 639-641]. (2) What have we (librari¬ 
ans like Ray and scientists and researchers 
like those at NICED) done to remedy 
the situation? Have we written to editors 
and publishers of international databases 
like SCI and Medline requesting them to 
cover more Indian journals? 

Ray finds that there is a discrepancy 
between my number based on Medline 
and his meticulously-counted number of 
NICED publications. He is surprised that 
his laboratory is not included in the list 
of the top 40 Indian institutions publishing 
medical research papers. My number for 
NICED is 102 (and this places NICED 
in the 45th place). During the period 
covered (database years 1987 Nov,-1994 
Dec., and not journal cover date years 
as presumed by Ray), there were only 
102 papers credited to NICED. Surely, I 
agree with Ray, Medline is not at all 
‘comprehensive’ in its coverage. Among 
those 102, a sizeable number would have 
been published in journals having a cover 
date of 1986, 1985 or even earlier. And 
most papers published by NICED scien¬ 
tists in 1994 would have been covered 
in Medline in 1995 or 1996! Most data¬ 


bases, unlike Current Contents and SCI, 
do take considerable time to index pub¬ 
lished literature. 

Another point on which Ray has to be 
careful is that impact factor is not the 
same as number of citations received by 
a paper published in a journal. For a 
correct definition of impact factor (as 
used in Journal Citation Reports) he may 
refer to Garfield’s book on citation in¬ 
dexing or a recent issue of SC! Guide. 
His point on ‘observed’, ‘expected’ and 
‘relative’ citation rates is not relevant in 
the context of my paper. I have used 
them meaningfully in another paper on 
medical research in India based on an 
analysis of SCI data, which I presented 
at an international conference in River 
Forest, IL, USA, in 1955 (ref. 4 in my 
paper). A modified (and expanded) 
version is now under consideration for 
publication in a medical journal. What 
Ray calls ARPC is known and is being 
routinely used by INSDOC in evaluating 
CSIR laboratories. 

To conclude, Ray is free to think that 
the performance of NICED is excellent. 
Such positive feelings, psychologists say, 
help one perform better. (I have not 
attempted to look at individual labora¬ 
tories in my macroscopic study.) And I 
do not think that my study suffers from 
any more shortcomings than I have 
pointed out in my paper. 

I thank Ray once again for his interest 
in my paper and his willingness to state 
his point of view without any reservation. 

S. Arunacpialam 

M.S. Swaminathan Research Foundation, 
3rd Cross Street, 

Taramani Institutional Area, 

Chennai 600113, India 


Ensuring global exposure 


Where journals abound, little fruit of 
knowledge is found. 

—Anon. 

The recommendation of Eugene Garfield 
(Cwrr, Sci, 1997, 73, 639-641) has come 
not a day sooner. However, with so many 
journals published by so many associa¬ 
tions, societies and institutions, it may 
be impossible to compile local citation 
indexes and prepare a prioritized list of 
Indian journals. Instead, can we initiate 
and encourage printing of a journal in 


India on the lines of Nature and Science, 
with rigorous norms, for publication of 
outstanding articles from India and other 
developing countries of the region? 

1 have always felt that Current Science 
adequately expanded to include all fields; 
physical, biological, geological and medi¬ 
cal would be the ideal journal for this 
purpose. Suitable changes in the editorial 
policy with provision for quick submis¬ 
sion, review and publication using elec¬ 
tronic media must be made. A reasonable 
paper-handling charge (which can be 


waived if the author issues a statement 
of lack of funds) should be levied to 
take care of the expenses. 

I believe that this and this step alone 
will ensure the scientific articles from 
this part of world, a better exposure to 
the global scientific community. 

J. Prakasa Rao 

Department of Physiology, 

Christian Medical College, 

Vellore 632 002, India 
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Impacts of disturbance on genetic resources of tropical forests 


In recent years it has become increasingly 
apparent that conservation of tropical 
forests cannot rely solely on protected 
area networks. After a couple of decades 
of rapid expansion in numbers of pro¬ 
tected areas in many tropical countries, 
there is probably limited capacity for 
further expansion. This view is reflected 
in the Global Biodiversity Strategy^ the 
Global Biodiversity Assessment and the 
work of various other authors (e.g. refs 
3, 4). A comprehensive approach to forest 
conservation must therefore incorporate 
the sustainable management of land out¬ 
side protected areas, and this requires an 
understanding of how human activities 
impact on forest resources. 

For the past three years, researchers 
from three countries - India, Thailand, 
and Malaysia— have been working col- 
laboratively, under the auspices of the 
Center for International Forestry Research 
(CIFOR) and International Plant Genetic 
Resources Institute (IPGRI), to investigate 
how human activities affect the genetic 
resources of forest plant species. This 
has been a multidisciplinary research pro¬ 
ject, involving not only research on 
genetic resources, but also on the repro¬ 
ductive ecology of the studied species, 
and socio-economic investigations of the 
communities living in and around the 
forest. 

Recently, members of the research team 
met in Bangalore to review the results 
of their studies, to draw conclusions about 
the impact of human activities on forest 
genetic resources, and to begin a process 
of communicating the results to forest 
managers and policy makers. The selec¬ 
tion of sites within countries was made 
so as to cover as many different types 
of human activities as possible, while 
also allowing comparisons to be made 
across countries. Thus, in Malaysia, the 
main type of human activity was logging; 


in Thailand, as well as timber harvesting, 
the forests were also used for grazing 
and non-timber forest products (NTFP) 
collection, and in India the major activities 
were NTFP collection and grazing. 

Although some of the data are still 
being analysed, the preliminary results 
provide some insights concerning the 
interaction between people and forest 
genetic resources. For example, the 
socio-economic research in India (con¬ 
ducted at the Biligirirangan Hills, Kar¬ 
nataka, and at Mudumalai, Tamil Nadu) 
indicated that in general it is the poorer 
households which maintain a greater 
reliance on collection of NTFPs. Members 
of the wealthier households often had 
access to salaried income which provides 
not only potential for greater income, but 
also greater reliability. With the incorpo¬ 
ration of many NTFPs into a market 
economy, there is a marked tendency for 
unsustainable harvesting, even when the 
harvesting is undertaken by tribal groups 
who have traditionally relied on these 
products for their livelihoods. Conse¬ 
quently, regeneration of species such as 
Phyllanthus emblica and Terminalia che- 
bula is almost completely absent in areas 
of highly intensive harvesting, and genetic 
diversity in these species is consequently 
eroded^. 

In contrast to NTFP collection, most 
other activities appear to have a much 
less obvious impact. Although the impacts 
of logging, based on the research done 
in Malaysia, were evident on all species 
sampled — not only those which were har¬ 
vested-the loss of genetic diversity, 
measured as expected heterozygosity, did 
not exceed 24%. Similarly, the impact of 
harvesting wood for construction and fuel 
in Thailand was only significant at very 
high intensities of harvesting. 

The Thai research also clearly demon¬ 
strated that the intensity of impact is 


dependent on the reproductive ecology 
of the species. Those species which are 
pollinated by weakly flying insects show 
increased levels of inbreeding as density 
of reproductive individuals decreases, 
while species pollinated by more strongly 
flying insects are less affeted. Depending 
on the behaviour of pollinators, and the 
degree of host-pollinator specificity, there 
may also be clear thresholds in distur¬ 
bance that affect the mating system and, 
consequently, genetic diversity^. 

Further comparative analyses across the 
three countries will indicate the degree 
to which these findings are generalizable. 
Similarly, the integration of research 
across all three disciplines involved will 
illustrate the processes which determine 
the consequences of people-forest inter¬ 
actions much more clearly than would 
be possible from examination of just one 
discipline. 
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Tim J. Boyle, Centre for International 
Forestry Research (CIFOR), Jalan 
CIFOR, Situ Cede, Sindangbarang, 
Bogor 16680, Indonesia. 


Honorary members of the International Liquid Crystal Society 


Prof. S. Chandrasekhar, Centre for Liquid 
Crystal Research, Bangalore and three 
other distinguished scientists, Profs P. G. 
de Gennes, G. W. Gray and A. Saupe, 
have been elected as the first honorary 


members of the International Liquid 
Crystal Society. This honour has been 
bestowed on Prof. Chandrasekhar to 
mark his outstanding contributions to the 
field of liquid crystals and technology 


which have had such a profound 
influence on the field. The formal ad¬ 
mission of the honorary members will 
take place in Strasbourg in the summer 
of 1998. 
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Subducting sea floors bridge the mantle divide 


A. V. Sankaran 

Global seismic data of the passage of 
earthquake waves through Earth have 
mainly been responsible for our present 
knowledge about the structure of Earth. 
The latter, as we now know, consists of 
an outer lithosphere made up of rigid 
crustal plates riding over an inner zone 
of silicates called mantle, which itself 
surrounds an innermost zone of metallic 
core. Further, geochemical, gravitational, 
magnetic and high-pressure experimental 
data aided by ever-enlarging computer 
power, have enabled geoscientists to iden¬ 
tify additional subzones within these 
regions on the basis of properties like 
pressure, density, temperature, mineralogy 
and composition. 

The mantle, among Earth’s interior 
zones, has a prime role in global vol- 
canism, continental drift, and in the crea¬ 
tion as well as destruction of crustal 
material. Detailed geochemical, isotopic 
and rare gas abundance studies have 


revealed that, chemically and mineralogi- 
cally, the upper and lower sections of 
the mantle differ and that their thermal 
currents convected independently^"^ (Fig¬ 
ure 1). The lower mantle is postulated 
to preserve the primitive or primordial 
composition as it existed after separation 
of core, early in Earth’s history, whereas 
the upper mantle is thought to have 
departed from its original composition, 
owing to extraction of heat-producing ele¬ 
ments like K, U, Th and large ionic radii 
lithophile elements, during the formation 
of the crust. Geophysical data also sup¬ 
ported this division of the mantle into 
lower and upper zones, and the junction 
between them was fixed at 660 km depth, 
where, seismic wave velocity showed a 
sudden increase, indicating a discontinu¬ 
ity. The latter discontinuity, also known 
as the D" layer, is supposed to be caused 
by mineralogical phase changes to more 
dense mineral structures or to departure 


in the major element composition below 
this point. 

While the above mantle structure 
remained a classic model, considerable 
geochemical work'*"* on mantle-derived 
basalts, during the last thirty years, has 
brought to light many crucial departures 
from this ideal model. Particularly sig¬ 
nificant is their unexpected chemistry dif¬ 
fering much from the composition 
expected of their source within the mantle. 
The mid-ocean ridge basalts or MORE, 
derived from the depleted upper mantle, 
and the ocean island basalts or OIB 
derived from the undepleted lower mantle 
(Figure 1) are good examples, in this 
respect. These findings have, under¬ 
standably, spurred geophysical and geo¬ 
chemical investigations resulting in the 
proposal of several models about the 
nature of the mantle vertically and later¬ 
ally. Yet, many intriguing questions 
remained unanswered: (a) the degree of 


Midocean 




Figure 1. a, Standard geochemical view of upper and lower mantle as two segregated portions during early Earth’s history. 
b. Mantle breaking down in the last 500 million years leading to intermixing of upper and lower rnantle (Illustration adapted from 
Allegre^^). c, Sketch of a tomographic image of vertical slice through the mantle below North America showing the sinking Pacific 
slab (adapted from Grand et al}°). 
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divide between the upper and lower man¬ 
tle with respect to their physics and chem¬ 
istry; (b) the extent of the intermixing 
between these two zones; (c) the reasons 
for the depletion of primordial chemical 
constituents that had initially prevailed in 
the lower mantle, and (d) the fate of the 
sinking crustal slabs. None of the models 
proposed, based on the physical and ther¬ 
mal differences or chemical and isotopic 
anomalies, could bring about any con¬ 
sensus among the scientists, and the vari¬ 
ous models advanced only served to 
provide considerable grist for the ongoing 
debates. 

Among the many of the mantle 
imponderables, the one that has recently 
brought about some fresh insight and 
greater agreement among the earth sci¬ 
entists is about the fate of oceanic crusts 
that subduct into the mantle. These crusts 
have been forming continuously Ifom the 
mantle over the past 4.5 billion years of 
Earth’s history, and the older ones among 
them, after lasting for a few hundred 
million years or so, have invariably dis¬ 
appeared through subduction. The baffling 
question about them is whether these 
subducting slabs stay trapped within the 
upper mantle or penetrate all the way up 
to the core. While the geophysicists had 
pictures of lithospheric slabs sinking up 
to the core-mantle boundary and were 
emphatic that their sinking brought about 
appreciable mixing between the two man¬ 
tle zones, the geochemists had opposite 
perception about the fate of the slabs and 
extent of intermixing. In essence, these 
developments led to the emergence of 
two groups - whole mantle convectionists 
and layered-mantle convectionists. Any 
attempt to advance compromise models 
to bring their views closer could, perhaps, 
be effective, provided unquestionable pic¬ 
tures of the actual happenings to the slabs 
sinking within the mantle over geologic 
time, can be obtained. 

How these old crustal slabs end up, 
had indeed remained a fascinating ques¬ 
tion and an answer to this had a great 
bearing on our understanding of the geo¬ 
logical disposition of Earth’s interior and 
the forces triggering earthquakes and vol¬ 
canoes. If only X-raying of Earth is pos¬ 
sible, the riddle about the fate of the 
slabs could be solved; but, so far, the 
seismometer had been the main tool for 
this purpose, which, unfortunately, lacked 
the sophistication needed for monitoring 
the subducting slabs. However, efforts to 


develop a suitable tool got accelerated 
during the 1970s and 80s through the 
adaptation of Computerized Axial 
Tomography (CAT), a technique origi¬ 
nally developed in the field of medicine 
to scan the brain. The application of this 
method to probe the inside of our planet 
was pioneered by Adam Dziewonski of 
Harvard University and Don Anderson at 
Caltech^^“^^. In this method, seismologists 
obtained a three-dimensional picture of 
the interior of Earth by integrating seismic 
wave data of thousands of earthquakes 
recorded simultaneously by stations 
around the world. These data, obtained 
on vertical cross-section depthwise, or on 
spherical shells, enabled the seismologist 
to prepare a density and temperature dis¬ 
tribution profile (displayed on the monitor 
by appropriate colour discriminant, for 
example, as blue-coloured colder and red- 
coloured warmer regions) across the depth 
zones. The tomographic data could thus 
generate geometrically related three-di¬ 
mensional view of zones of varying den¬ 
sities or character of sinking material and 
also depict the pattern of movements of 
the convecting currents, thus virtually 
helping to map the mantle zones. 

In 1992, Yoshio Fukao (Nagoya Uni¬ 
versity, Japan) and colleagues through 
comprehensive tomographic pictures, 
found subducting crusts pushing 200- 
400 km deep into the lower mantle, while 
in few other places they had noticed that 
similar slabs were deflected sideways. 
Ulrich Christensen (Max Planck Institute 
for Geochemistry) and David Yuen (Uni¬ 
versity of Minnesota) also observed simi¬ 
lar features in their studies^"^. In an indirect 
approach to the same problem, mineral 
physicists in a few centres like Raymond 
Jeanloz’s laboratory at the University of 
California (Berkeley), Carnegie Institution 
(Washington) and University of Tokyo 
(Japan), carried out a series of experi¬ 
ments subjecting upper mantle minerals 
to pressures and temperatures of lower 
mantle to assess the resultant mineral 
phase’s crystalline structure, density and 
other properties. Their aim was to com¬ 
pare the latter data with those derived 
through seismological observations about 
the lower mantle. Such comparisons, the 
experimenters felt, would be able to reveal 
whether or not mineralogical transforma¬ 
tions support intermixing of the two zones 
over geologic time. Their results showed 
that no significant mixing took place be¬ 
tween the two and that the mantle had 


a layered pattern and both the upper and 
lower mantle were composed of different 
materials, which differed in density by a 
few per cent^^"'^. 

In another series of experiments and 
computer simulation studies to investigate 
the fluid dynamical interaction across the 
interface of two separate convecting 
fluids, Hans-Claude Nataf (Ecole Normale 
Superiure, Paris) and Peter Olson (Johns 
Hopkins University, Baltimore), found 
that pockets of mixture of the two de¬ 
velop, implying thereby that over geologic 
time, some amount of leakage takes place 
between upper and lower mantle. Seismic 
tomography and computer simulations by 
later workers in Canada, Japan and USA 
have also revealed complex flow patterns 
associated with mineral transformations; 
also, upper mantle material tended to 
stagnate at the interface and occasionally 
was even driven down into lower 
mantle^^’'^. 

Now, in separate seismic tomographic 
studies published recentlythat may 
set at rest the ongoing mantle debate, 
van der Hilst (a seismologist at MIT, 
Cambridge, USA), with his colleagues, 
and Stephen P. Grand (University of 
Texas, Austin), were able to obtain, unlike 
the fuzzy tomographic images of earlier 
years, better pictures. They showed slabs 
of subducting ocean floors plunging to 
the bottom of the mantle, suggesting good 
mixing of upper and lower portions of 
mantle. In the studies by the MIT group, 
P-waves or the compressional waves of 
over 100,000 earthquakes received at seis¬ 
mic stations around the world were proc¬ 
essed in computers and millions of data 
points were evaluated. Their studies 
revealed slabs of rock, some 500 km wide 
and thousands of kilometers long, dis¬ 
tinctly colder than the surrounding mantle 
rock, slicing into the mantle at depths of 
1300 km or more. 

Stephen Grand, at Texas, studied the 
slower S-waves or the shear waves, which 
get reflected at boundaries, and found 
two slabs plunging, one beneath the 
Americas, from Siberia to South America, 
and another beneath Europe and Asia, 
from the Mediterranean to Indonesia, The 
pictures exhibited sinking slabs beneath 
the Caribbean and central Japan also. 
According to Grand, the slabs were seen 
extending up to the top of the core. But 
what happened to them thereafter, was 
surprisingly, revealed when some of the 
earlier tomographic pictures were re- 
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examined. The latter, though not as sharp 
as the recent ones, yet indicated the sink¬ 
ing slabs surviving their prolonged jour¬ 
ney down the mantle up to some 300 km 
above the core, a region virtually serving 
as their ultimate resting place, before 
getting reborn, after finally uniting back 
into the mantle from which they evolved 
millions of years back. 

In the views of both Stephen Grand 
and van der Hilst, the slab sinking beneath 
Europe and Asia is the floor of the 
ancient Sea of Tethys that once lay 
between India and Asia and other lands 
in the north. The slab beneath the Ameri¬ 
cas represents a large section of Pacific 
Ocean floor (called Farallon Plate, which 
at one time bordered North and South 
Americas on their western sides) sinking 
eastwards since mid-Cretaceous time 
beneath the two continents. Critics have 
pointed out that the location of this sub¬ 
ducting Pacific ocean floor slab, as 
revealed by these tomographic studies, 
does not correlate with the high amount 
of earthquake and volcanic activities usu¬ 
ally associated with subduction zones; 
actually, volcanism and recurring earth¬ 
quakes are taking place elsewhere, in 
northwest Pacific region, beneath Japan, 
eastern Siberia and Aleutian islands and 
geophysicists have, therefore, identified 
sinking ocean slabs in this region. Van 
der Hilst explains that initially, during 
early geologic times, the slab did sink 
into the lower mantle, but subsequently, 
some ~ 45 million years ago, the slab 
changed its direction due to some plate 
rearrangement which led to the ‘separation 
of Japan from continental Asia and 
initiation of subduction beneath the Phil¬ 
ippine sea plate’. During post-Eocene 
times, it migrated clockwise leading to 
the deflection and making it difficult for 
the sinking slab to break through the 
660 km transition zone between upper 
and lower mantle. The authors feel that 
the pockets of cold rock they came across 
at 1800 km depth beneath Asia are the 
remnants of the ancient Pacific floor that 
had originally subducted into the lower 
mantle till the plate rearrangement took 
place. They also believe that the northwest 
Pacific plate will, ultimately, resume its 
progress into the lower mantle. According 
to them, the structural complexity in the 
transition zone suggests that the ‘Earth’s 
present day convective regime is pre¬ 
dominated by some form of whole mantle 
overturn and their intermittent mantle 


stratification is a local and transient phe¬ 
nomenon only’^^. 

In an yet another recent contribution 
to mantle convection, unifying the views 
of both geochemists engaged in volcanic 
studies and geophysicists interpreting 
tomographic pictures, Claude Allegre^^ 
(Institute for Physics of the Globe, Paris) 
says that the disagreement between the 
two groups is bound to be there since 
they are interpreting different periods of 
geologic history. His calculations of iso¬ 
topic systems - mainly Sr, Nd, Hf and 
also U-Th-Pb as well as rare gases, have 
provided him a way to calculate the 
amount of material exchanged between 
the mantle zones over geologic time. 
These have enabled him to infer that the 
‘convection style evolves through time’ 
(Figure I a, b). The geochemical views 
are based on evolution of mantle over 
the past 4.5 billion-year period, whereas 
seismic tomography represents the picture 
as it exists today, i.e. last 100 million 
years or so. Allegre feels that the pattern 
of convection has changed after the first 
4 billion years, during which period, the 
mantle had two-layered, independent con¬ 
vection, whereby the lower mantle 
retained its pristine composition of the 
early Earth. However, 500 million years 
ago, this independent barrier broke down 
introducing intermixing of the two 
regions, ‘one at whole mantle scale with 
slab penetration and another on upper 
mantle scale with which hot spots are 
associated’. This hypothesis, he says, is 
clearly demonstrated also in computer 
simulations he had carried out on two¬ 
layered convection system. 

Some geophysicists are yet to accept 
the conclusions about the subduction his¬ 
tory of the oceanic crusts made out from 
the latest tomography studies, particularly 
with regard to the estimates about the 
exact width of the features and the 
amplitude of these anomalies”^. Also, they 
feel that seismically fast features need 
not always be slabs and that such inter¬ 
pretations have to be substantiated in 
terms of temperature and chemistry. A. W. 
Hoffman, (Max Planck Institut fur 
Chemie, Mainz, Germany) in a recent 
comprehensive review of mantle geo- 
chemistry^ sums up that the current 
mantle controversy is likely to be resolved 
when ‘seismic imaging of the Earth’s 
interior becomes comparable in resolution 
to that achieved by geochemical mapping, 
so that geophysical and geochemical data 


can be more specifically correlated’. Geo¬ 
physicists are now confident that future 
tomographic investigations, aimed to 
secure more refined pictures having high 
degree of resolution, may convince the 
scientists doubting the whole mantle 
convection. Hopefully, geochemists and 
geophysicists can then jointly formulate 
better thermal and chemical evolution of 
Earth. 
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Synthetic milk - Genesis, current status and options 

Parikshit Bansal and Neena Bansal 


With annual milk production approaching 
nearly 70 million tons, India is poised 
to become the world’s top milk producer. 
However, the phenomenon of synthetic 
milk has cast a shadow on this unique 
achievement. What is ‘synthetic milk?’. 
It is a product closely resembling milk, 
but having none of the nutrients 
found in natural milk. It differs from 
adulterated milk in the sense that in adul¬ 
terated milk, the bulk of the mixture is 
natural milk to which additional compo¬ 
nents, e.g. fat, neutralizers, sugar, salt, 
formalin, hydrogen peroxide, etc. are 
added to improve saleability or keeping 
quality, while in synthetic milk the bulk 
of the mixture does not contain natural 
milk at all. 

Synthesis and composition 

Synthetic milk is prepared by mixing 
appropriate amounts of vegetable oil, urea, 
detergent caustic soda, powdered 
sugar/salt and skim milk powder to water, 
followed by thorough blending in a mixer. 
The liquid formed has the appearance of 
thick, rich, creamy milk and visually is 
identical to natural milk. Table 1 gives 
a comparison of the properties of synthetic 
and natural milk. From the comparison 
it is clear that synthetic milk can be 
detected easily. This indicates that it is 
not meant to be sold as such, but to 
adulterate natural milk on a large scale. 
At levels below 10%, synthetic milk adul¬ 
teration in natural milk becomes extremely 
difficult to detect'. 

Detection 

Synthetic milk is not a well-defined prod¬ 
uct for which a single test can be de¬ 
veloped. Most of its ingredients, viz. 
refined oil, caustic soda, sugar, urea and 
common salt are the same as used in 
adulteration of milk. The only component 
that appears to be exclusive to synthetic 
milk is detergent. Detergent is an alto¬ 
gether ‘foreign’ component in milk, for 
which no test is presently available. 

Urea, on the other hand, is a natural 
component whose concentration varies 
from 20 to 70 mg/100 ml milk. However, 
this concentration is quite low compared 


to that in synthetic milk in which the 
concentration is nearly twenty times. Con¬ 
sequently, detection is easy by a simple 
and rapid platform test, the DMAB {para- 
dimethyl amino benzaldehyde) test^. The 
test can be used to detect synthetic milk 
adulteration in natural milk at a level of 
10% or more. Boiling the sample does 
not affect results'. 

Simple platform tests for detection of 
caustic soda and other neutralizers are 
already available^ as are tests for added 
sugar"^. For detection of vegetable oils 
and animal l^ts, no simple platform tests 
are available, as the available tests e.g. 
butyrorefractometer reading (BR test), opac¬ 
ity and crystallization test, gas liquid chro¬ 
matography (GLC) profile, are laboratory- 
based tests requiring instrumentation, trained 
personnel and adequate facilities. 

Genesis 

Factors which have contributed to the 
genesis of synthetic milk are: a) Un¬ 


organized milk production, b) Ready mar¬ 
ket for milk, c) Laxity in quality control, 

d) Lopsided demand-and-supply position, 

e) Manpower limitation of law enforce¬ 
ment agencies and, f) Connivance of the 
dairy industry itself. 

Out of the total production, only about 
10% comes from organized sector, leaving 
open a huge amount of milk vulnerable 
to adulteration. Fat and solid-not-fat (SNF) 
content being the indicators of milk qual¬ 
ity vis-d-vis its price, techniques for rais¬ 
ing fat in milk have always been in the 
forefront, making adulteration highly prof¬ 
itable. Also, dairy delicensing under the 
government’s new economic policy led 
to mushrooming of dairy plants, whose 
capacity far exceeded milk surplus 
generated by a particular milkshed. In 
Punjab alone, plants with a processing 
capacity of more than 55 lakh litres per 
day have become operational, though the 
marketable surplus is only around 30 lakh 
litres. Similarly, in Haryana, private plants 
with a capacity of 24 lakh litres per day 


Table 1. Comparison of the properties of synthetic milk and natural milk 


Properties 

Synthetic milk 

Natural milk 

Physical 

Colour/appearance 

White, identical to that of natural 
milk 

White 

Odour 

When freshly prepared, the 
mixture has a ‘soapy’ smell, which 
disappears on overnight storage 
at 4°C 

Not distinctive 

Taste 

Extremely bitter. The mixture is 
not palatable at all 

Palatable 

Density 

1.025-1.035 

1.025-1.035 

Storage 

At room temperature shows 
spoilage and appearance of 
yellow colour 

Curdling but no change in colour 

Texture 

When rubbed between fingers, 
gives a soapy feel 

No soapiness or distinctive 
texture 

Boiling 

On boiling, becomes yellow. Soapy 
odour 

No yellowing. No distinct odour 

Chemical 

Fat 

4.5%. Can be varied easily 

4.5% for standardized milk 

pH 

Highly alkaline, 10.5 

Slightly acidic. 6.4-6.8 

Urea test 

Highly positive. Intense yellow 
colour 

Weakly positive. Faint yellow 
colour 

Urea concentration 

14 mg/mi 

0.2-0.7 mg/ml 

Sugar test 
(Resorcinol) 
Neutralizers test 

Positive 

Negative 

(Rosolic acid) 

Positive 

Negative 
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have been installed, though the milk sur¬ 
plus is only around 4 lakh litres. This 
creates tremendous pressure on available 
market supplies, providing an incentive 
to adulterators. The manpower limitation 
of law-enforcement agencies and con¬ 
sumer laxity only encourages such mal¬ 
practices. Lastly, connivance of the dairy 
industry too is one of the factors. The 
attitude that as long as dairy plant capacity 
is utilized, quality considerations can be 
relegated to the background, has led to 
production of sub-standard and spurious 
raw material, i.e. milk. 

Current status and implications 

The phenomenon of synthetic milk is 
quite recent, with first reports about it 
appearing from Kurukshetra, Haryana^ 
However, if recent media reports are any 
indication, it has already spread to other 
parts of Haryana and also to the neigh¬ 
bouring states of Himachal Pradesh, Pun¬ 
jab, Rajasthan and Uttar Pradesh. 

Prominent organizations, viz. Indian 
Council for Enviro-Legal Action, Envi¬ 
ronment Protection Council, Haryana and 
the Indian Dairy Association have expressed 
concern and urged the government to take 
strict action against manufacturers of syn¬ 
thetic milk. Protest at individual consumer 
level has, however, been meagre. 

Development of simple, chemical tests 
for detection and adoption of common, 
standardized protocols can go a long way 
in monitoring milk quality. In this context, 
a meeting was organized by the Union 
Health Ministry at the National Dairy 
Research Institute (NDRI), Karnal, in July 
1996. It was attended by public analysts 
from the five worst-affected states, viz. 
Rajasthan, UP, Haryana, Punjab and 
Delhi, senior scientists of NDRI, Director, 
Central Food Laboratory, Calcutta and 
representatives of the DGH’s Central Pre¬ 
vention of Food Adulteration unit. While 
a common protocol for the testing of 
urea, caustic soda, animal/vegetable fats 
was agreed upon, the adoption of a uni¬ 
versal method for detection of detergents 
was left open. It was felt that since 
several detergents could be used to adul¬ 
terate milk, an indepth study and survey 
has to be conducted before deciding on 
the method for testing of detergents. 

The phenomenon has a serious bearing 
on the health and economy of the nation. 
The long-term ill-effects of synthetic milk 
on the health of an individual cannot be 
denied. Studies have indicated toxic 


effects of neutralizers in milk^. Moreover, 
economic considerations are also involved 
as export of dairy products is likely to 
be seriously hit if timely measures are 
not taken to check the menace. 

Future strategies and options 

From the preceding discussion, some fac¬ 
tors emerge which can form the basis of 
a strategy to curb the spread of synthetic 
milk. These are: a) Closure of unregistered 
processing units, b) Limiting the opening 
of new ones, c) Encouraging collection 
of milk at grass-root level, d) R&D per¬ 
taining to quick and easy methods for 
detecting adulterants, e) Linkage between 
public analytical labs and research insti¬ 
tutions, f) Need for re-evaluating existing 
prevention of food adulteration (PFA) 
standards, and g) Vigilance on part of 
the dairy industry. 

Closing of unregistered units and lim¬ 
iting the opening of new ones would 
help in easing market pressure which 
makes adulteration lucrative. 

Attempts at a co-operative pattern of 
milk collection need to be encouraged. 

A strong grassroot system of collection 
where suppliers are small and marginal 
farmers, makes large-scale adulteration 
very difficult besides bringing a large 
segment of producers into the organized 
sector. The success of co-operatives is 
evident from the fact that virtually all of 
New Zealand’s milk is procured and proc¬ 
essed by co-operatives. 

R&D pertaining to quick and easy 
methods of detection, needs to be taken 
up on a priority basis. The need is for 
developing kits for rapid detection of 
adulterants in milk. This requires a sus¬ 
tained research effort and rigid field trials. 
Since the chemical nature of both milk 
and potential adulterants is well-known, 
this should not pose to be too difficult 
a task. Moreover, availability of simple 
kits can help in checking adulteration at 
individual consumer level too. In this 
regard, a simple kit for detection of some 
of the common adulterants in milk, viz. 
urea, starch, glucose, sugar, hydrogen 
peroxide, pond water and neutralizers has 
been developed by NDRl^. However, it 
has not been commercialized yet. A word 
of caution! The kit is not the final 
solution. If components other than the 
ones being detected are used in formu¬ 
lation of synthetic milk/adulteration, e.g. 
some other salts or substances instead of 
sugar, urea, etc. the tests would be nega¬ 


tive and the kit will fail. In view of the 
ingenuity shown by adulterators of milk, 
continuous research efforts must be un¬ 
dertaken for developing new kits and 
rapid platform tests. 

The state level laboratories need to be 
well-equipped for the task of analysis of 
synthetic milk samples by latest methods. 

It is not enough for scientists to develop 
methods and report them in journals, with 
the expectation that they would be adopted 
by state analysts. There is need for regular 
training programmes for state analysts 
and voluntary agencies by premier bodies 
such as NDRI and the NDDB, for quick 
transfer of improved methods of detection. 

Evaluation of PFA standards according 
to changing trends is necessary, because 
in our country major production is in 
unorganized sector and uniform feeding 
practices are not feasible. Milking prac¬ 
tices, feeding pattern, environment, etc. 
are all factors which influence the com¬ 
position of milk. 

Lastly, vigilance on part of the dairy 
industry itself can go a long way in 
checking the quality of milk and is more 
likely to succeed where laws and legis¬ 
lation have failed. 

Conclusion 

Synthetic milk is our own creation and it 
is up to us to deal with it. It is we the sci¬ 
entists, technologists and managers who 
must join hands to find a solution to this 
problem. We owe this much - to the com¬ 
mon man and to our children. 
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A surfactant stabilized sol as substrate for surface enhanced Raman 
scattering spectroscopy 


Information regarding sols dates back to 
the time of Michael Faraday. Since then, 
many applications have enriched the 
world of sol science. Among the innu¬ 
merable applications of sol systems, the 
use of silver sol deserves special mention ^ 
The discoveiy of surface enhanced Raman 
scattering (SERS) on roughened silver 
surface, in 1973, placed silver in a unique 
position in the branch of SERS analysis^. 
Thus, during the last two decades scien¬ 
tists have tried to produce silver sol with 
reproducible particle size using poly- 
mers^’^ ligands^ and surfactants^’^ to 
observe SERS with silver sol. SERS study 
requires an active substrate for always 
and the order of enhancement of SERS 
intensity depends on the micro structure 
and proximity of the individual particle 
of the substrate^’'^. As a result, researchers 
have unearthed yellow hydrosol, dull red 
organo sol, Creighton sol’^\ etc. But to 
obtain SERS spectra on silver sol one 
has to obtain either fractal aggregates^ 
or string-like assemblies'^ of sol particles 
instead of isolated spherical particle. It 
has been predicted that linear aggregation, 
if at all produced, would be a green sof^ 
We report here the preparation of a stable 
green sol of silver with a diameter of 
~ 100 nm. The diameter of the sol was 
determined both by TEM and coulter 
(N4) counter using light scattering through 
an angle of We obtain the green 
sol system through electrolyte-induced 
controlled coagulation of surfactant 
stabilized yellow sol. 

Appropriate amount of aqueous silver 
nitrate and sodium dodecyl sulfate (SDS) 
solution was mixed and to it was added 
sodium borohydride solution drop wise 
with constant shaking. Thus a yellow sol 
of silver was formed. After ~ 2 min, re¬ 
quisite amount of Na 2 HP 04 solution was 
added and shaken. A green sol would 
appear within 1-2 min. In a typical pro¬ 
cess 0.15 ml (0.01 mol dm*^) AgN 03 and 
0.15ml (0.01 moldin'^) SDS were mixed 
and the volume was made up to 3.0 mi. 
Then 0.1ml (0.1 mol dm"^) NaBH^ was 
added to get yellow hydrosol 
400 nm). To this hydrosol 0.025 ml (1.0 
ml dm"^) Na^HPO^ was added and shaken. 
After 1-2 min, green sol (A,„^^ ~ 635 nm) 
appeared and was used as a stock solution 
for SERS analysis. 


To obtain SERS of pyridine 1 ml of 
stock solution of green sol was taken in 
a 1cm quartz cuvette and was mixed 
with an aqueous solution of pyridine. The 
final concentration of pyridine in the sol 
was 5 ppm. The spectrum was reprodu¬ 
cible when recorded using the front side 
excitation technique*when examined 
with a 200 mW Kr laser source even at 
an interval of 24 h. 

Once the sol system is produced, it 
does not deteriorate upon irradiation of 
100-200 mW Kr laser power for 15- 


20 min unlike the common silver sol 
systems devoid of surfactants. The laser- 
exposed system with or without analyte 
can be stored for 10 days without any 
degradation under ambient condition. 

Almost all colloidal substrates which 
are in vogue have poor stability and 
reproducibility towards SERS studies. On 
the other hand, our sol system has 
remarkable reproducibility and stability 
towards analytes and also laser illumina¬ 
tion. This' makes the reported sol system 
a better suited SERS substrate. However, 



Figure 1. UV-visible spectra of (a) yellow hydrosol, (b) green sol. 



figure 2. Surface enhanced Raman scattering spectrum of pyridine (5 ppm) adsorbed 
on the sol excited with 647.1 nm; Kr laser. Conditions: [AgNOJ = [SDS] = 5 x 10"^ mol dm'^ 
[Na^HPOJ = 8 X 10-^ mol dm'^ ^ 
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in our case the order of enhancement of 
SERS intensity due to pyridine is com¬ 
parable to that of the best silver aggregates 
reported earlier. 

It has been observed that Kr and He-Ne 
lasers enhance the SERS spectra of pyri¬ 
dine adsorbed onto the green sol, to the 
maximum extent and hence best suited 
for the excitation purpose unlike Ar laser. 
This is because the wavelength for green 
absorption due to fractal aggregates of 
silver resonates with the Kr and He-Ne 
lasers. The He-Ne laser which was avail¬ 
able could generate only 20 mW power. 
Hence we have used Kr laser for its high 
power efficiency. 


The SERS results were obtained in 
Prof. A. J. Creighton’s laboratory at 
the University of Kent at Canterbury, 
England. 
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Species identification of snake-head fishes by nuclear DNA RFLP. 
Its taxonomic implications 


The snake-heads (genus Channa, family 
Channidae) are commercially important 
air-breathing fishes. They occur in fresh¬ 
water marshes, swamps and ditches of 
the Indian sub-continent’. Three species 
of snake-head fishes namely, Channa 
punctatus, C. striatus and C. gachua, 
which occur sympatrically in this locality 
were studied. The natural populations of 
these species show a declining trend 
owing to (i) the modification and 
encroachment of their habitat by devel¬ 
opmental activities, and (ii) their 
over-exploitation. Inter-specific hybridiza¬ 
tion has been attributed to be yet another 
cause of decline of populations in some 
species of fishes like apache trout^’^. 
Environmental changes and habitat modi¬ 
fication have led to increased frequency 
of hybridization in various groups of 
fishes including Cyprinidae, Salmonidae, 
Cyprinodontidae, Cichlidae, Catostomi- 
dae, Escocidae, Poeciliidae, Antherinidae, 
Centrarchidae and Percidae'’. 


Hind III Hind III 



288 NTS ETS 18S ITS* 28S NTS 


5.8S 

Figure 1, A diagrammatic repre.scntalion of 
ribosomal RNA gene structure. The 5.8S, 18S 
and 28S are the regions coding for 5.8S, 18S 
and 28S rRNAs. ETS, External transcribed 
spacers; ITS, Internal transcribing spacer; NTS, 
Non-transcribing spacer. 


Although these species are sympatric, 
there is no report on hybrids. Unlike 
cyprinids, salmonids and other groups of 
fishes, are these species not susceptible 
to natural hybridization (due to the strin¬ 
gent reproductive isolation mechanism!) 
or has the natural hybridization between 
these species escaped the notice in the 
absence of suitable markers that would 
have helped in identifying the hybrids? 
This study was undertaken to find a 


species-specific molecular marker, that 
might allow detection of natural hybridi¬ 
zation between these species. 

Restriction fragment length polymor¬ 
phism (RFLP) of ribosomal rRNA gene 
has been useful for systematic analysis 
in fishes at the species level^’^, species 
and hybrid identification in carps and 
catfishes'^'’^ In the hybrids, the restriction 
fragments of ribosomal rRNA gene were 
found to inherit biparentally^’’^. Therefore, 




Figure 2. Ribosomal RNA gene RFLP in Channa. Restriction enzyme digested nuc^ar DNA 
w*s subjected to electrophoresis and Southern hybridized using labelled pXir 101 prote. EcoRI 
digests (lanes 1-3): 1, Channa punctatus (Cp); 2, C. striatus (Cs); 3, C. ^ 

digests (lanes 4-6): 4, Cp; 5, Cs; 6. Cg DNA. The approximate positions of the lambda Hmdlll 

size markers are indicated. 
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Figure 3. Ribosomal RNA gene RFLF in Chcuina. Nuclear DNA digested with Pst\ (lanes 
1~3), BamHl (4-6) and Bglll (7-9). Lanes I, 4 & 7 for Cp; 2, 5 8 for Cs 3, 6 & 9 for Cg. 


nuclear DNA RFLP using ribosomal RNA 
gene probe was used in the present study 
to find out species-specific marker, which 
can later be used in the hybrid identifi¬ 
cation programme. 

Live specimens of C. punctatus, C. 
striatus and C. gachua were bought from 
the local market. About one ml of blood 
collected by cutting the caudal peduncle 
of anaesthetized live fish was used for 
nuclear DNA isolation following the 
method of Marmur^ with some modifi¬ 
cations as described by Ghosh et al}. 

Nuclear DNA was digested with 
appropriate restriction enzymes and frac¬ 
tionated on 0.8% agarose gel by electro¬ 
phoresis, Southern blotted onto Hybond 
N"^ nylon membrane (Amersham, UK) 
and hybridized with the isolated 12 kb 
Hindlll rDNA fragment from clone pXlr 
101 of Xenopus laevis^^\ radiolabelled 
with 32aP dATP using random primer 
kit (Bangalore Genei)“, in 50% 
formamide containing buffer following 
Maniatis et aOK The 12 kb ribosomal 


RNA gene clone of Xenopus laevis, pXlr 
101, carries 5'ETS-18S-ITS-5.8S-28S- 
ETS-NTS-3' (Figure 1) and was cloned 
at ///ndlll site in pBR322. After hybridi¬ 
zation and washing*^, the filters were 
autoradiographed using ORWO or Konika 
X-ray film. The molecular sizes of the 
hybridized fragments were determined 
with reference to //mdlll digested lambda 
phage DNA. 

By digestion with £coRI, a common 
band of 5 kb was obtained in these three 
species (Figure 2, lanes 1-3), In C. punc- 
tatus one 5 kb band was obtained, whereas 
in C. gachua an 8 kb band along with 
the 5 kb was observed. In C, striatus 
besides the common 5 kb band a high- 
and a low-molecular weight band (14,8 
and 2.5 kb) were found. The low-molecu¬ 
lar band was often not detectable possibly 
because of polymorphism. By EcoRI 
digestion a common 5 kb band was also 
observed in the fishes examined earlier^' 
and it might be a conserved feature in 
fishes. 


Hindlll did cut once in the rDNA 
repeat (Figure 2, lanes 4-6) of these 
species producing about 9, 18.8 and 14 
kb fragments in C. punctatus, C. striatus 
and C. gachua, respectively. Pstl and 
BamHl (Figure 3) had two sites each in 
these fishes. Bglll (Figure 3) had one 
site each in C. punctatus and C. striatus 
but C. gachua showed polymorphism 
either having a single or three-banded 
phenotype (Figure 3, lane 9). Thus, bar¬ 
ring a limited polymorphism, these species 
showed species-specific RFLP pattern 
with respect to Hindlll, BamHl ?ind Pstl, 
which could be useful as marker in hybrid 
identification programme. 
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Ethnotherapeutics and modern drug 
development: The potential of Ayurveda 


Sukh Dev 


Discovery and development of new therapeutic agents is a continuing process. In spite of 
the fact that, at present, we have at our command a formidable array of modern drugsf the 
need to discover and invent new agents is genuine and urgent It has been estimated^ that 
satisfactory therapy is available only for about one-third of all presently known human ailments, 
and several diseases, such as cancer, AIDS, senile dementia, auto-immune diseases, to mention 
just a few, continue to evade reasonable solution. In addition, in the case of infective diseases, 
causative organisms continue to develop strains refractory to the medicinal agents, to which 
they were susceptible earlier. It is being predicted^ that, due to several other reasons including 
global warming, infectious diseases may become one of the main scourges of mankind in the 
near future. Thus, fight against disease must be carried on relentlessly. And, therapeutic agents 
constitute a very vital ingredient. 


Strategies for new drug development 

Several strategies have been or are being exploited to 
discover and invent new therapeutic agents'^. However, 
basically there are only three approaches: screening, 
probing human (and mammalian) biochemistry and physi¬ 
ology, and rational drug design. As the techniques and 
methodologies evolved in each of these areas, they have 
mutually reinforced each other. 

Historically, pharmacological screening of compounds 
of natural or synthetic origin has been the source of 
innumerable therapeutic agents. Random screening as a 
tool in discovering new biologically-active molecules 
has been most productive in the area of antibiotics^’^. 
Chemotaxonomic considerations and target-directed rapid 
screens^ played crucial roles in this effort. For a suc¬ 
cessful outcome the main requirements are access to a 
large library of compounds/ex tracts, and well-targeted 
screens. Recent advances in generation of molecular 
diversity, in molecular biology and instrumentation have 
provided a special cutting edge to this approach. Now 
it is possible to rapidly build up extensive libraries of 
certain classes of organic compounds by the methods 
of combinatorial chemistry^"'^. Advances in molecular 
biology and genetic engineering have enabled biologists 
to design target-specific screens based on cell-based 
mechanisms {vide infraY^. Computerized instrumentation, 
automation including robotics have vastly speeded up 
synthesis, structure determination and biological screen¬ 
ing. It is now possible to synthesize certain classes of 
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compounds in thousands in a single day, and screen 
several thousand compounds in a week using just a 
milligramme or less of each compound! 

In the past, probing human/mammalian biochemistry, 
physiology and causes of certain diseases had led to the 
discovery of vitamins and certain hormones, which have 
proved valuable in correcting several deficiency diseases. 
Steroidal hormones had been the special target for further 
development*^’^^ Prostaglandins, and the related prosta¬ 
cyclins and thromboxanes, next^ attracted much attention 
as possible therapeutic agents^’^^’'“^ With the continuing 
advances in biology, many physiological cascades and 
biochemical processes are now fairly well understood 
at the molecular level. Human body elaborates some 
50,000 proteins, comprising hormones, enzymes, immune 
system proteins, and receptor proteins, and each of these 
has a distinct function^^'-"^’. In the case of a disease, 
especially a metabolic one, something had gone wrong 
with the functioning of these proteins or other non- 
peptidic bioregulators. Thus, such situations can possibly 
be corrected by augmenting or by blocking the release 
of a particular bioregulator or enzyme. This concept, of 
course, is not new. Insulin was introduced as a therapeutic 
agent way back in 1923. What made the potential of 
this knowledge exciting for the pharmaceutical industry^^ 
was the possible production of these proteins by the 
methods of modern biotechnology-^ Though this 
prompted much R&D activity, and several products have 
since been marketed'^ many pharmaceutical proteins 
have several shortcomings, including poor oral bio¬ 
avail ability^l As a consequence, efforts got shifted^*'^^’ 
to search for small non-peptidic molecules (ligands, 
peptidomimetics) which will bind with the receptor 
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proteins (to act as agonists/antagonists/inverse agonists)^^ 
or inhibit an enzyme or hormone action^-’^^ It is here 
where this approach coalesces with the previous one, 
and the search is now on by screening molecular diversity 
created by nature or contrived by man. As examples, 
development of the first ^-blocker, as well as the first 
histamine H 2 '-receptor antagonist may be cited^^. 

The so-called rational design or the structure-based 
drug design approach has resulted from the accumulating 
knowledge of molecular biology. We now have much 
structural information, mostly from X-ray crystallography 
and high-field multidimensional NMR spectroscopic stud¬ 
ies, on the biopolymers and their complexes with ligands. 
This has enabled the medicinal chemists to devise small 
molecules, likely to bind specific receptor proteins or 
inhibit a particular enzymatic transformation involved 
in the pathogenesis of disease^'^"^^ There are other bio¬ 
chemical events and entities, such as neurotransmitters, 
cell replication and protein synthesis (DNA, RNA), 
transport systems, storage sites, information carriers, etc. 
which are being targeted in the design of new drugs""^’^^’^^. 
Quantum mechanical considerations, computer-assisted 
molecular modelling^^ molecular dynamics, all play a vital 
role in arriving at structural candidates most likely to have 
the desired properties. This approach has had some sig¬ 
nificant successes"^'^^, and in recent years has been instm- 
mental in the design of dmgs effective, though to a limited 
extent, against AIDS and certain types of cancers^'-^'^l 

These approaches, more often than not, result in the 
discovery of a molecule with desired biological charac¬ 
teristics, the so- called lead molecule^ which must then 
be subjected to structural modification in order to arrive 
at a molecule with a superior therapeutic index. This 
process of lead optimization is iterative in nature, and 
leans heavily on empirical relationships such as QSAR 
(quantitative structure activity relationship)^^ Hansch 
analysis, Free-Wilson model, Topliss approach, and so 
on^’“'‘. As a matter of fact, a practical approach to new 
drug development is to start with a known drug itself 
(the so-called me-too approach]) and use the methods 
of optimization to arrive at a molecule with a better 
therapeutic profile. This approach has been much 
exploited by the drug industry, as evidenced from the 
marketing of second and third generation of certain 
classes of drugs {vide infra). 

All said and done, serendipity continues to play an 
undefinable, but positive role in drug discovery! There 
are several examples^‘^’'^‘\ However, it is good to remember 
that Prince Serendip smiles on those who have a sharp, 
analytical mind and a keen observation faculty! 

Higher plants and drug discovery: The role of 
ethnotherapeutics 

Thus, one of the important routes to new drug discovery 
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is accessibility to libraries of compounds and well- 
directed biological screens, and the game is how to 
reduce the numbers to be screened before a hit is made. 
In this context, it will, be worthwhile to examine the 
potential of molecular diversity engineered by nature in 
the plants. Nature has no parallel in constructing simple 
or complex molecules in unimaginable modes and shapes, 
as is evident from our current knowledge of the so-called 
secondary metabolites. 

Classically, higher plants have played a dominant role 
in the introduction of new therapeutic agents'^^’^l Even 
now, contrary to common belief, drugs from higher 
plants continue to occupy an important niche in modern 
medicine. On a global basis, at least 130 drugs, all 
single chemical entities extracted from higher plants, or 
modified further synthetically, are currently in use, though 
some of these are now being made synthetically for 
economic reasons; a listing of 119 such compounds will 
be found in ref. 48, and some of the newer introductions 
are covered in this article. Japanese Pharmacopoeia 
(1986) contains 123 plant drugs, both crude and pure 
active principles, of which only 29 are used in the 
Western medicine. In the USA, 25% of all prescriptions 
dispensed from the community pharmacies during 1959- 
1980, contained plant extracts or active principles derived 
from higher plants'^^ Plant-derived drugs constitute 
important monographs in the German, and Russian Phar¬ 
macopoeias. Even now, almost 75-80% of world popu¬ 
lation depends on crude plant drug preparations to tackle 
their health problems, though this may be mostly because 
of economic re^isons. 

However, the number of new chemical entities (NCE) 
emerging as therapeutic agents from higher plants or 
leads therefrom, has been rather low, after the so-called 
classical period of plant drug discovery'*^'’'^^. Thus, the 
period 1950-70 saw the introduction of approximately 
100 basic new drugs in the USA market'^*'^. However, 
this list contained no more than five drugs (reserpine, 
deserpidine, rescinnamine, vinblastine and vincristine)^** 
derived from higher plants. Again, during the next twenty 
year (1971-90) period, over 600 NCEs^' were launched 
world-wide, but the number of plant-based drugs, 
including those fashioned after a plant-based lead 
structure (teniposide, etoposide, A‘'*-tetrahydrocanna- 
binol, nabilone, lentinan, artemisinin, plaunotol, guggul- 
sterones, ginkgolides)^**’^”"^^ was not even 2% of those. 
Most recently, the period 1991-95 saw the introduction 
of around 200 NCEs^*^ globally, but the number of these 
introductions based on higher plants amounted to no 
more than 2% (paclitaxel, irinotecan, topotecan, 
gomishin)^’’^l 

There are several reasons for the above situation. 
Firstly, (most) pharmaceutical companies, the main source 
of NCEs, have been reluctant to invest in a major way, 
because of the problems^^'* associated with plant collection, 
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standardization and supply, arising from the fact that, 
whereas most pharmaceutical houses are located in the 
economically-developed countries, the biodiversity is 
available most in the developing countries of the tropics 
and sub-tropics. Secondly, random screening of plant 
extracts has not proved economically effective. For 
example, National Cancer Institute (USA), beginning in 
1959 screened over 180,000 plant extracts covering 3500 
plant genera during a 20-25 year period, but this did 
not result in a single drug for the market, though several 
interesting leads were obtained^^^'^’. Central Drug Research 
Institute (Lucknow, India) screened approximately 2500 
plants for a wide range of pharmacological activities^”; 
this programme which scanned some 20 years did not 
result in a single marketable drug, though many leads 
were uncovered. A similar effort by CIBA-Geigy 
Research Centre (Mumbai, India) did not prove produc¬ 
tive^^. Lastly, but most importantly, with better under¬ 
standing of etiology of diseases at the molecular level, 
and further sophistication of structure-activity relation¬ 
ship, it has become a lot easier to generate NCEs, once 
an innovative^"^ breakthrough has been made by someone. 
This is what has been referred to earlier as the me-too 
approach. Witness'^ the second and third generation 
/?-lactams, quinolone antibacterials, /3-blockers, inhibitors 
of angiotensin-converting enzyme (ACE), histamine H 2 
receptor antagonists, etc. More specifically, as an ex¬ 
ample, it may be mentioned that the discovery of ACE 
inhibitor captopril in 1977 and its subsequent launching 
as a drug in the market in 1981, spawned no less than 
fourteen analogues'^'^’^'^ on the drug market between 1983 
and 1994. Such proliferation has been the rule in several 
other therapeutic areas'^'^. 

Notwithstanding what has been discussed above, it 
must be recognized that most of the plant-based drug 
introductions have been innovative in character, and 
represent outstanding contributions to therapeutics. For 
example, introduction of reserpine (1), a constituent of 


the roots of the Indian plant Rauwolfia serpentina Benth., 
by CIBA (USA) in 1953, was heralded as a revolutionary 
event in the treatment of hypertension, as it has the 
twin effect of lowering high blood pressure and acting 
as a tranquilizer"^^’^^'^’. Some of the most important 
chemotherapeutic agents, currently in use, for the treat¬ 
ment of certain types of cancer are plant-based: vin¬ 
blastine (2, Eli Lilly, 1961) and vincristine (3, Eli Lilly, 
1963), both isolated from Catharanthus roseus G. Don., 
for the treatment of Hodgkin’s disease, lymphosarcoma, 
and leukemia in children^^^’^^’^'^ teniposide (4, Sandoz) 
and etoposide (5), developed from the antineoplastic 
lignan podophyllotoxin (6), a constituent of Podophyllum 
spp., are currently being used against testicular cancer, 
small cell lung cancer, and lymphomas^'^"*^^; paclitaxel 
(7, Bristol-Myers Squibb, 1993; previously known in 
the scientific literature as taxol, hijacked now as a trade 
mark!), a diterpenoid constituent of several Taxus spp., 
is effective in the treatment of metastatic ovarian cancer, 
and has potential uses in the treatment of lung cancer, 
metastatic breast cancer and malignant melanoma^^"^^; 
irenotecan (10, Yakult Honsha, 1994), analogue of qui¬ 
noline alkaloid camptothecin (9), first isolated from the 
Chinese tree Camptotheca acuminata, but now obtained 
mostly from the Indian tree Nothapodytes nimmoniana 
Mabbeiiey syn. Mappia foetida MieiV^'’^^ is being used 
in Japan for the treatment of lung, ovarian, and cervical 
cancers^^’’^^ As a matter of fact, development of new 
antineoplastic therapeutic agents based on natural product 
leads is proving to be a fertile area of activity^^’’^^ 
Already taxotere (8), a semi-synthetic analogue of taxol 
is showing much promise in clinical trials"^^’^^. Several 
derivatives of camptothecin, besides irenotecan already 
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1. Reserpine 


2. Vinblastine (R=Me) 

3. Vincristine (R=CHO) 
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7. Paclitaxel: 

R = Ph 

8, Taxotere: 

R = 


5. Etoposide: 
R = H 

R' = 


6 . Podophyllotoxin : 

R = Me 
R’ = H 

referred to above, are now in clinical phase, and mention 
may be made of topotecan (11) and 9-aminocamptothecin 
(12), both of which are showing much promise^^-^^’^^ 
camptothecin itself has potent antineoplastic activity, but 
has serious side effects, such as causing bleeding in 
bladder. 

Another contribution from such studies on natural 
products has been the opening up of new and novel 
vistas of their mode of action, which in turn has 
facilitated mechanism-based drug development. In the 
anti-cancer area, for example, podophyllotoxin-based 
compounds act by inhibiting topoisomerase II, while 
camptothecin-derived compounds inhibit the enzyme 
topoisomerase I; topoisomerases are involved in DNA 
replication. On the other hand, both vincristine-type 
compounds and taxol are antimitotic agents, but whereas 
vincristine class compounds act by preventing micro¬ 
tubules assembly, taxol is unique in that it promotes 




9. Camptothecin: H H H 

10. Irenotecan: a H 

11. Topotecan: H -CH 2 NMe o 


12. 9-Anuno- 
camptothecin 


assembly of microtubules and inhibits their disassembly 
process"^^’^"^’^^. Some of the biologically-active natural 
products have proved useful as tools in biological and 
biochemical research, which has a bearing on drug 
discovery. A good, relatively recent, example would be 
forskolin (13), a diterpene from the roots of the Indian 
plant Coleus forkohlii Briq. syn., C barbatus Benth., 
which is being used in purification of adenylate cyclase, 
and in receptor-binding assays^^ 


Ethnotherapeutics 

From the above, it is clear that higher plants continue 
to play a useful role in the development of modern 
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13. Forskolin 

therapeutic agents. It should be possible to optimize this 
role by diligent planning. 

If one looks at how the traditional plant drugs'^’^ 
came to be utilized in modern medicine, one will find 
that invariably, the starting point has been some reference 
to the use of that plant material as an indigenous cure 
in a folklore or traditional system of medicine of one 
culture or another. Table 1 illustrates this point con¬ 
vincingly*’. Even after this classical plant drug discovery 
era, most of the important plant drugs were discovered 
by investigating the so-called medicinal plants of one 
country or another. Reserpine (1), the discovery of which 
in 1952, provided a fresh fillip to plant drug research, 
had its origin in Ayurveda; its source Sarpagandha 
(Rouwolfia serpentina) is a well-recognized drug for the 
treatment of hypertension, insomnia and insanity, in the 
Ayurvedic system of medicine*’-**. The discovery of two 
anticancer dimeric indole alkaloids, vinblastine (2) and 
vincristine (3) from the periwinkle plant {Catharanthus 
roseus), discussed earlier, is again the result of folklore 


Tabic 1. Ethnotherapeutics and traditional modern drugs 


Drug 

Basis of investigation 

Codeine, morphine 

Opium, the latex of Papaver somnifenim 
used by ancient Sumerians, Egyptians and 
Greeks for treatment of headaches, arthritis, 
and for inducing sleeps 

Atropine, hyoscyamine 

Atropa belladona, Hyoscyamus niger, etc. 
were important drugs in Babylonian 
folklore^^. 

Ephedrine 

Crude drug, Madiuang (astringent yellow) 
derived from Ephedra sinica had been used 
by the Chinese for respiratory ailments 
since 2700 BC^^. 

Quinine, etc. 

Cinchona spp. were used by Peruvian 
Indians for the treatment of fevers^^’* 

Emetine 

Brazilian Indians and several other South 
American tribes used roots and rhizomes 
of Ipecacuanha {Cephaelis spp.) to induce 
vomiting and cure dysentery^^*’^^. 

Colchicine 

Use of Cokhicum in the treatment of gout 
has been known in Europe since 78 AD“ . 

Digoxin, etc. 

Digitalis leaves were being used in heart 
therapy in Europe during the 18th century-^^ 


remedy investigation, though in a different way. Work 
on this plant was taken up for its alleged hypoglycemic 
activity as per Jamaican folklore. Podophyllum resin, 
the source of podophyllotoxin (6), has been used by 
American Indians for treatment of cancer*'-*. A comparison 
of random screening with folklore-plant screening for 
anticancer compounds, showed some three times better 
score with the latter approach®”. 

Results from modern investigations on Chinese 
medicinal plants strengthen still further the above para¬ 
digm that the folklore or classical medicinal plants 
generate a higher score in our search for molecular 
therapeutic agents from higher plants. Chinese medi¬ 
cine®'-®’ (Zhong yao in Chinese, Kampo in Japanese) 
has been practised in China, Japan and other far Eastern 
countries since some 2000 years ago, and its crude 
drugs are mostly plant-based. For example, Chinese 
Pharmacopoeia (1990) lists 784 traditional Chinese drugs, 
of which some 630 are of plant origin^’®’. Chinese 
drugs have been the subject of intense modern scrutiny 
during the past three decades or so, mostly at the hands 
of Chinese®*"®®. Outstanding results have been obtained, 
essentially confirming many claims of the ancients. A 
few examples may be cited. 

The herb Artemisia annua L. has been used traditionally 
in China for treatment of fevers. It has yielded an 
effective antimalarial, a sesquiterpene peroxide, arte¬ 
misinin (qinghaosu, 14). The compound is active against 
both chloroquine-sensitive and chloroquine-resistant 
strains of Plasmodium falsiparum and P. vivax, and is 
equally effective against cerebral malaria®*. It was 
introduced world-wide in 1987 (ref. 100). Artemether 
(IS), a simple derivative of artemisinin, has a better 
clinical profile, and is under active development®*"""”. 
Gomishin (16), a lignan from the fruits of Chinese 
medicinal plant Schizandra chinensis, has hepatoprotec- 
tant activity®* as revealed from studies carried out in 
China and Japan, and is being released for treatment 
of chronic hepatitis®’. The Chinese plant Sophora 



14. Artemisinin (R: = o ) 

15. Artemether (R: a- 0 CH 3 ) 
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substrata (roots) has been used in China for treatment 
of stomach troubles and sophoradin (17), a chalkone, 
isolated from this has shown significant anti-gastric ulcer 
activity; a synthetic compound, sofalcone (18) developed 
after this lead is now in clinical usage^^^*'^^. One more 
example would suffice. Tea brewed from the leaves of 
the club moss, Huperzia serrata (Thunb) Trev., has 
been traditionally used in some parts of China to alleviate 
memory disorders of the elderly. An alkaloid, named 
huperizine A (19), has been isolated from this plant, 
and has been demonstrated to be a powerful acetylcholine 
esterase (AChE) inhibitor, and is being clinically evalu¬ 
ated for the treatment of Alzheimer disease‘-^^. 



16. Gomishin 




Plaunotol (20), a diterpene constituent of a Thai 
medicinal plant plau-noi (Croton sulyrantus), has been 
introduced as a cytoprotective anti-ulcer agent'^^’^^^^. 

Modern investigations on folklore medicinal plants of 
Central Africa'^*'^ and Americas'^^^ have lent credence to 
their folklore usage. One example is cited. Nor- 
dihydroguaiaretic acid (21), a constituent of the so-called 
creosote bush (Larrea tridentata) occurring in the South¬ 
western US, has been marketed as a treatment for 
multiple actinic keratoses, a skin affliction, since 1988 
(ref. 105). 

Ayurveda: Potential and opportunity 

At this stage, it appears appropriate to give a brief 
introduction to Ayurveda for those not familiar with 
this Indian heritage. The origin of Ayurveda is lost in 
prehistoric antiquity, but its characteristic concepts appear 
to have matured between 2500 and 500 BC, in India. 

The word Ayurveda is derived from Ayus (r), meaning 
life, and Veda, meaning knowledge, thus, Ayurveda 
literally means science of life.. It is the ancient Indian 
system of health-care and longevity. Ayurveda takes a 




21. nor-Dihydroguaiaretic add 
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holistic view of man, his health and illness'”^’It aims 
at positive health, which has been defined as a well- 
balanced metabolism coupled with a healthy state of 
being. Disease, according to Ayurveda, can arise from 
body and/or mind due to external factors or intrinsic 
causes. Ayurvedic treatment is aimed at the patient as 
an organic whole, and treatment consists of salubrious 
use of drugs, diets and certain practices^^^l 
Ayurveda has a vast literature in Sanskrit and various 
Indian languages, covering all aspects of diseases, thera¬ 
peutics, and pharmacy; some most important of these 
are mentioned later. It has evolved its own theoretical 
base, which is difficult to comprehend in terms of 
modern scientific concepts, at least at present’^^^ How¬ 
ever, in this article we will concern ourselves only with 
the exploration of its materia medica. 

Pharmaceutics occupies an important place in Ayur¬ 
veda. Medicinal preparations are invariably complex 
mixtures, being derived from plant and animal products, 
as also minerals and metals. Plants form a dominant 
part of Ayurvedic pharmacopoeia. Earliest references to 
such plants are to be found in the Rig Veda and Atharva 
Veda, dating back to second millennium BC. Charaka 
Samhita (-900 is the first recorded treatise 

fully devoted to the concepts and practice of Ayurveda. 
Its hallmark is Kayachikitsa (therapeutics). The work 
consists of eight sections divided into 150 chapters, and 
lists 341 plants and plant products for use in medicine. 
The next landmark in Ayurvedic literature is Sushruta 
Samhita (-'600 which has special emphasis 

on surgery. It has six sections covering 186 chapters, 
and describes 395 medicinal plants, 57 drugs of animal 
origin, and 64 minerals and metals as therapeutic agents. 
Sushruta, the father of surgery, lived and practised 
surgery in Varanasi some 2500 years ago. The next 
important authority in Ayurveda, after Charaka and 
Sushruta, was Vagbhatta of Sind, who practised about 
7th century AD. His work, Ashtanga Hridaya, is con¬ 
sidered unrivalled for principles and practice of medicine. 
Ashtanga Hridaya consists of six sections covering 120 
chapters, and contains 7444 verses; the entire book is 
in verse^*’*’”^. Charaka, Sushruta, and Vagbhatta are the 
Vrihat Traya (Powerful Triad) of Ayurveda, and their 
period (900 BC to 1000 AD) is considered as the golden 
age of Ayurveda. Madhava Nidana ('- 800 to 900 AD), 
consisting of 1552 verses in 69 chapters, is the next 
important milestone. It is the most famous Ayurvedic 
work on diagnosis of diseasesSarangdhara (14th 
century) systematized Ayurvedic materia medica, and 
his work Sarangdhara Samhita consists of three parts, 
32 chapters and 2500 verses*^'’"I The last celebrated 
writer on Hindu medicine was Bhava Mishra of Magadha, 
and his treatise Bhava Prakasha, written around 1550 
is held in high esteem by the modern Ayurvedic prac¬ 
titioner. It has three sections containing 10,831 verses; 


approximately 470 medicinal plants are described^ 
Madhava, Sarangdhara and Bhava Mishra have been 
referred to as the Laghu Traya (Junior Three) in the 
Ayurvedic literature. Besides these monumental treatises, 
a rather large number (>70) of Nighantu Granthas 
(Pharmacy Lexicons) were written, mostly between 7th 
and 16th century^^^^'*^^ Raj Nighantu by Narhari Pandita, 
and Madanpala Nighantu by Madanpala are considered 
as masterpieces on medicinal plants^^'. 

All ancient texts on Ayurveda divide medical knowl¬ 
edge into eight branches {Ashtanga). The classifications 
given by Charaka, Sushruta and Vagabhatta are identical, 
though differing in order'Table 2 presents this 
classification. This treatment is no different from the 
contemporary approach. Likewise, Ayurvedic description 
of a disease (Table 3) is also very much like the modern 
description'”^. Plant drugs have been classified as per 
their pharmacological/therapeutical action; Sushruta 
divides these into 37 categories"^, while Charaka places 
his drugs into 50 groups'^^. As an illustration, Charaka’s 
classification is shown in Table 4. 

From this brief and rather cursory introduction, it 
must have become obvious that Ayurveda, in its prime 
time, was a cogent, scientifically organized discipline. 
This is further borne out by the fact that Ayurvedic 
texts were much respected in the then contemporary 
world of neighbouring countries, as evidenced from their 
translation into Greek (300 BC), Tibetan and Chinese 


Table 2. Eight branches of Ayurveda 


Branch 

Sanskrit designation 

Remarks 

Kayachikitsa 

Therapeutics; all aspects 

Shalakyatantra 

Diseases of eyes, ears, nose, tongue, oral cavity, 
throat 

Shalyatantni 

Surgery 

Kaumarabhritya 

Paediatrics, obstetrics and gynaecology 

Agacltantra 

Toxicology 

Bhutvidya 

Psychiatry 

Rasayana 

Rejuvenation, anti-aging 

Vajikarana 

Virility 


Table 3. Description of a disease 


Parameters 

Sanskrit designation 

Remarks 

Vyakhya 

Definition 

Vyutpatti 

Etymology 

Nidana 

Etiology 

Poorva roopa 

Prodrome 

Roopa 

Clinical picture 

Samprapti 

Pathophysiology 

Sadhyasadhaya 

Prognosis 


CURRENT SCIENCE. VOL. 73, NO. 11, 10 DECEMBER 1997 


915 


GENERAL ARTICLE 


Table 4. Classification of plant drugs (Charaka)*'* 




Group 

No* 

Sanskrit name 

Remarks 

1 

Jivaniya 

Promoting longevity 

3 

Lekhemiya 

Anti-obesity 

6 

Dipaniya 

Promoter of digestion 

7 

Balya 

Promoting strength 

8 

Varnya 

Complexion promoting 

15 

Krmighna 

Anthelmintic 

17 

Stanyajanana 

Galactogogue 

23 

Vamanopaga 

Emetic 

24 

Virechanopaga 

Purgative 

35 

Mutravire chaniya 

Diuretic 

36 

Kasahara 

Antitussive 

38 

Svayathuhara 

Antiinflammatory 

39 

Jvarahara 

Febrifuge 

47 

Vedanasthapana 

Analgesic 

50 

Vayahsthapana 

Anti-aging 


*Listing is only partial. 
^Numbering as per Charaka. 


(300 AD), Persian and Arabic (700 AD), and several 
languages of other Asian people^^^"^-^. 

In the present-day context, it can be stated that Ayur¬ 
veda is a very much alive system of medicine widely 
practised in the Hindustan peninsula and, in recent years 
has been attracting much attention in the economically 
developed countries such as (of) Europe, USA, and 
Japan^“'^’^^l The number of registered Ayurvedic practi¬ 
tioners in India are around 250,000 (1988), and if we 
add to this number countless unregistered and unlisted 
practitioners the figure may very well come'^"'^ close to 
1,000,000. The number of Ayurvedic hospitals and dis¬ 
pensaries (1988) is over thirteen thousand. It has been 
estimated that a total of some 1000 Ayurvedic remedies, 
prepared from around 750 plants, are being used at 
present^ 


Drug discovery: Potential 

With this impressive background, let us now evaluate 
the potential of Ayurvedic materia medica for leads for 
modern drug development. With the introduction of 
western scientific methods in India, many Ayurvedic 
drugs and other Indian plants with alleged curative 
properties, soon came under some sort of scrutiny. Such 
investigations have continued to the present day and 
the subject matter has been reviewed^"’^^^’’’^^ There are 
some success stories, though the number is certainly 
not commensurate with the long period of research 
activity. This is undoubtedly due to disorganized, thinly- 
spread, non-focused effort, and has been commented 
upon earlier^l 
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Reserpine. The earliest contribution of Ayurveda to 
modern drug development, which received international 
attention, and in a way rekindled interest of researchers 
in possible leads from natural products, is the anti¬ 
hypertensive drug reserpine ( 1 ), a minor alkaloid of the 
Ayurvedic drug plant Sarpagandha {Rouwolfia ser¬ 
pentina), a brief reference to which has already been 
made. Roots of this plant are valued in Ayurveda for 
the treatment of hypertension, insomnia and insanity; as 
a matter of fact this plant, in local parlance (Hindi¬ 
speaking areas), is called pagle ki booti (plant for the 
insane). As already mentioned, reserpine was introduced 
in the world market in 1953. Though the starting point 
for this development was a publication^^^ by R. J. Vakil 
of Mumbai, India, the credit for successful development 
of the drug from this lead goes entirely to CIBA, 
Switzerland. 

The antihyperlipoproteinemic steroids. The next land¬ 
mark is the isolation of antihyperlipoproteinemic 
(hypolipidemic) steroids, Z-guggulsterone (22) and E- 
guggulsterone (23) from the gum-resin of Commiphora 
wightti Bhandari syn. C. mukul, Balsamodendron mukuL 
I would like to deal with this subject in some detail 
as this is the first example of a dedicated, well-focused 
effort aimed at development of a modern drug based 
on Ayurvedic materia medica, and clearly brings out, 
in a striking manner, the potential and power of this 
route to modern drug development. 



22. Z - Guggulsterone 



23. £ - Guggulsterone 
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Commiphora wightti is a small tree (Figure 1) 
belonging to the family Burseraceae. On injury, the 
plant exudes a yellowish gum-resin, which soon solidifies 
to an agglomerate of tears or stalactitic pieces (Figure 
2) with balsamic odour. This gum-resin, which is called 
gugglu in Sanskrit, is renowned in Ayurveda for treatment 
of inflammatory disorders, rheumatoid arthritis, lipid 
disorders, obesity, skin diseases, etc*^^. Some of these 
claims appeared to be supported by the results of certain 
pharmacological screeningcarried out during the 
period 1960-69 on the crude drug. At the initiative and 
prompting of (late) C. Dwarkanath, the then Advisor to 
the Government of India (Ministry of Health) on Ayur¬ 
veda, a joint programme was organized (1969) to carry 
out detailed chemical and biological investigations on 
gugglu with a view to isolating and characterizing the 
active principle(s). Chemical work was undertaken by 
my group at the National Chemical Laboratory, Pune, 
and was later continued at the Malti Chem Research 
Centre, Vadodai'a. All biological work was carried out 
at the Central Drug Research Institute, Lucknow under 
the leadership of Nitya Nand and Swaran Nityaiiand. 
Though, gugglu has a broad biological activity profile, 
Dwarkanath stressed the importance of looking at its 
use in correcting lipid metabolism disorders (medoroga), 
primarily because his group had come across in Sushruta 
Samhita {Sootrasthaanam: 15 : 32) a shloka describing 
treatment of obesity and other lipid disorders (medoroga) 
with preparations based on gugglu. This shloka gives a 
lucid account of the etiology and pathogenesis of the 


disease, which is reminiscent of the modern concepts 
of atherosclerosis and its complications As a matter 
of fact, his group had adduced experimental evidence 
to show that gugglu has significant hypocholesterolemic 
activity^^^. Another practical reason for undertaking work 
along these lines was the fact that at that time not 
many drugs with useful hypolipidemic activity were on 
the market’ 

Bioassay-guided separation eventually led, in 1971, to 
the isolation and characterization of two antihyperlipo- 
proteinemic compounds, Z-guggulsterone (22) and 
£:-guggulsterone (23)’^^’’'’l Both compounds have similar 
activity which is comparable (Table 5) to that of clofibrate 
(24), a synthetic hypolipemic drug launched in the 
market (USA) in 1967. Gugglu gum-resin essentially 
consists of an ethyl acetate-soluble fraction (-45%) and 
an insoluble carbohydrate gum (-55%). The latter is 
toxic to rats and is devoid of any hypolipemic activity 
The desired biological activity lies entirely in the ethyl 
acetate soluble cut. This fraction has been extensively 
chemically examined’^^’’^^"’^^ and consists of diter¬ 
penoids, triterpenoids, steroids, lignans, fatty tetrol esters, 
etc. A review of this work has been published’"^'^. The 
active guggulsterones are present in this fraction to the 
extent of some 4%. However, a comparison (Table 5) 
of the activity of this fraction with that of pure 
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Table 5. A comparison of cholesterol-lowering activity of guggulsterones, clofibrate and some 

guggulu cuts in rats* 




% Lowering of serum lipids 


% Inhibition 
of cholesterol 
biosynthesis in 
rat liver homogenate 

Product 

(Dose: 100 mg/kg 
oral for 30 days) 

Normal rats 

High fat fed 

rats 

Choi. 

TG. 

Choi. 

TG. 

EtOAc solubles 

34 

24 

46 

24 

30 

(Gugulipid) 

Guggulsterones** 

35 

28 

48 

29 

35 

Total ketones^ 

30 

26 

29 

20 

22 

Non-ketonic^ 

15 

16 

25 

15 

10 

Clofibrate 

43 

30 

- 

- 

40 


*Data supplied by Nitya Nand. 

**Mixture of Z and £-isomers (80 :20), 

^These represent ketonic and non-ketonic fractions of the neutral cut of the total EtOAc soluble 
part of the gum-resin (cf. ref. 52), 


guggulsterones showed a vastly disproportionate activity 
for the total extract, possibly due to synergistic or 
additive activity of some of the components of the 
mixture. In view of this, further development of the 
product (collecting pharmacological, biochemical, toxi¬ 
cological, teratogenic and mutagenic, and clinical data) 
was carried out on a standardized ethyl acetate extract, 
code-named gugulipid, containing at least 4% guggul¬ 
sterones. Gugulipid exhibits a dose-dependent lowering 
of serum cholesterol and triglycerides in normal and 
hyperlipide.-iic rats, rabbits and monkeys. A study of 
lipoprotein profile in rabbits showed a significant en¬ 
hancement in the level of the desired high-density lipo¬ 
proteins, and reduction in the unwanted low-density 
lipids. It also caused regression of atheromatous lesions 
induced in rabbits by a fat-rich diet. Gugulipid has a 
multifocal action: it inhibits cholesterol biosynthesis, 
mobilizes fat from tissues, and increases secretion of 
bile acids‘^“’'^‘. Though guggulsterones are pregnane 
derivatives, they are completely devoid of any estrogenic 
or antiestrogenic or progestational activity. Gugulipid 
was cleared for registration in India in 1986, and the 
drug has been manufactured and marketed in India since 
1987. This material is also being sold in the international 
market now. 

The discovery of antihyperlipoproteinemic guggul¬ 
sterones in the guggulu resin was an event of considerable 
interest, as these compounds represent a new structural 
type in hypolipidaemic agentsConsequently, a number 
of pregnane derivatives were synthesized and evaluated 
for their hypolipemic activity. One of these (code no. 
81/574) was found to be at least as active as guggul¬ 
sterones, and is currently undergoing clinical trials. Again 
this has been a joint effort with the Central Drug 
Research Institute, Lucknow (Nitya Nand). 

Additional concordance. As already stated, a fairly 
large number of Ayurvedic and folklore plants have 
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received some level of scrutiny, and a significant amount 
of pharmacological, biological and therapeutical data 
have been generatedThough several of these studies 
leave much to be desired, a discernible impression, that 
these investigations have in most cases corroborated 
some of the ancient claims, clearly emerges. Table 6 
summarizes some of the important findings. A few of 
these call for a brief comment. 

Roots of Asparagus racemosus are reputed in 
Ayurveda as galactogogue, and preparations based on 
these are used in cases of threatened abortion^^"^’*^^. 
Shatavarin-I (25), a component of this plant material, 
has been shown to produce a specific and competetive 
block of oxytocin-induced contraction of rat, guinea 
pig and rabbit uteri in vitro as well as in situ^^^, 
Galactogogue activity has also received some experi¬ 
mental support^^^. 

Modern medicine is quite inadequate for treatment of 
liver disorders, such as hepatitis (inflammation of the 
liver), hepatosis (degeneration of the liver parenchyma), 
chronic hepatitis, and liver cirrhosis. On the other hand, 
traditional medicine of various countries lays claim to 
several plants with alleged curative properties. This led 
to considerable research activity'^^’^^^^ on such plants, 
including those described in Ayurveda. Of the Ayurvedic 
plants, modern confirmatory evidence has been obtained 
for at least three plants: Andrographis paniculata, 
Picrorrhiza kiirroa, Phyllanthus niruri (vide Table 6). The 
active compounds of A. paniculata and P, kurroa have 
been identified as andrographolide (26), and picrosides 
(picroside-I, 27; picroside-II, 28) respectively'^ 

Seeds of Butea frondosa constitute an important 
component of Ayurvedic anthelmintic preparations'^”. 
Palasonin (29)'^^ has been identified as the active 
principle. 

Psoralea corylifolia seed powder is much valued in 
Ayurveda for the treatment of vitiligo and other skin 
diseases'^"*. Psoralen (30) has been shown to be the 
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HO 



27. Picroside-I (R = dimamoyl) 

26. AndrographoUde 28. Picroside - H (R = vaniHoyl) 

( may be C-10 substituted) 



29. Palasomn 



30. Psoralen 

active principle that stimulates formation of melanin''’^ '*’*’. 
Bakuchiol another component, has been shown 

to possess potent antibacterial activity'’”, and is effec¬ 
tive”' against psoriasis, a skin disease. 

Though, apparently, the classical Ayurvedic literature 
does not mention'” the use of neeni {Azadirachta indicd) 
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31. Bakuchiol 

in treatment of fevers, there is ample folklore literature'” 
on the subject. Recent researches''"''” have led to the 
isolation of gedunin (32) as the antimalarial agent. This 
tetranor-triterpene showed good in vitro activity against 
certain clones of the causative organism Plasmodium 
falsiparum. 
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Table 6. Some Ayurvedic crude drugs which have received pharmacological/clinical support for their 

therapeutic claims 


Plant 


Botanical name 

Sanskrit name 

Active component 

Type of activity (Ref.) 

Acorus calamus 

Vacha 

? 

Tranquilizer (154) 

Adhatoda zeylanica 

Vasa 

Vasicine 

Bronchodilator, oxytocic (224) 

Andrographis paniculata 

Bhuinimba 

Andrographolide 

Hepatoprotector (225-227) 

Asparagus racemosus 

Shatavari 

Shatavarin-I 

Anti-abortifacient (228, 229) 

Azadirachta indica 

Nimb 

Gedunin 

Antimalarial (172-175) 

Bacopa manneri 

Brahmi 

Baccosides 

Improves memory (230) 

Boerhaavia diffusa 

Punarnava 

? 

Diuretic, anti-inflammatory (154) 

Bute a frond os a 

Palasha 

Palasonin 

Anthelmintic (154, 231) 

Centella asiatica 

Mandookpaarni 

Asiaticosides 

Skin diseases, psychotropic (154, 232, 233) 

Curcuma longa 

Haridra 

Curcumin 

Antiinflammatory (234) 

Holarrhena antidysenterica 

Kiitaja 

Conessine 

Anti dysenteric (170) 

Phyllanthus niruri 

Bhoomyaamalakee 

? 

Hepatoprotector (235-238) 

Picrorrhiza kurroa 

Katukaa 

Picroside, kutcoside 

Hepatoprotector (239-242) 

Psoralea corylifolia 

Bakuchi 

Psoralen, bakuchiol 

Antileucoderma, antibacterial (170) 

Swertia chirata 

Kairata 

? 

Febrifuge (243-245) 




Opportunity: Molecular drugs 

The current annual turnover of global pharmaceutical 
industry would be well above 20,000 crore (200 billion) 
US dollarsin which India’s share is minuscule, 
being’’^'^ around 1.2%. The pharmaceutical industry is 
science-based, and most dominant pharmaceutical com¬ 
panies in the world have been forging ahead by heavy 
R&D inputs (7-15% of gross turnover is the norm) 
aimed at discovering and launching in the world market 
new chemical entities. It has been estimated''^^ that a 
new drug development may cost as much as 1-20 crore 
US dollars in the developed economiesNo wonder, 
a market introduction is considered successful only, if 
it is able to generate annual sales of the order of US 
dollars 2-10 crores; of course, some drugs (the so-called 
blockbuster molecules) generate annual sales of the order 
of over 50 crore US $. 


Thus, modern drug discovery and development is an 
expensive undertaking but, it is good business. R&D 
activity is actually the life-blood of pharmaceutical 
industry. Developing countries like ours are handicapped 
because of financial constraints. In this article, I have 
discussed briefly the various routes to drug discovery 
and development, and have emphasized that Ayurvedic 
materia medica can be a viable resource for modern 
drug development. Since this approach drastically cuts 
down the number of materials to be screened, this along 
with other points discussed at the end of this article, 
makes this approach much more attractive from the 
point of financial inputs. That India, the fountain-head 
of the Ayurveda, has so far been unable to harness it 
to its economic advantage is essentially because of lack 
of well-planned, and clearly-focused effort. 

Without any prejudice to other modern strategies, I 
believe that time is now ripe for countries, such as 
ours, to explore with all seriousness the crude drugs 
which have been in use for ages. This is essentially 
because chemical and biological sciences have reached 
such a level of development that tracking down of 
biological activity can be carried out more efficiently 
and expeditiously. A brief reference to biological deve¬ 
lopments has already been made. Chemists, also, have 
at their disposal a range of techniques and methodologies 
for the isolation, purification, and structure charac¬ 
terization of compounds from plant materials or any 
other source^^‘\ It is the interaction of these latest modern 
techniques and traditional drugs knowledge that confers 
special appeal and excitement to this approach. 

During tenure of my INSA Research Professorship 
(Dec. 1988-Dec. 1993) at the Department of Chemistry, 
Indian Institute of Technology, New Delhi, I utilized 
this period for evaluating over 200 Ayurvedic drugs for 
a variety of activitiesby modern biological methods. 
Since many of these facilities were not available in the 
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country, most of the screening work was done by 
collaboration in Japan and USA. Though results obtained 
are of a very preliminary nature, I feel it would be 
worthwhile to highlight some of the findings, as this 
would demonstrate the power of the modem biological 
screens. 

Learnings memory and cognitive disorders. This area 
of research was selected because of three main consid¬ 
erations. Firstly, there is a paucity of modern drugs/agents 
facilitating acquisition, retention, and retrieval of infor¬ 
mation/knowledge; secondly, with the increasing number 
of elderly people in the world population, the need for 
drugs for treatment of cognitive disorders, such as senile 
dementia, Alzheimer’s disease, have acquired special 
urgency; and, Ayurveda claims several plants, the so- 
called Medhya plants, to possess such activities. 

The past couple of decades have seen tremendous 
advances in the area of brain physiology, learning, 
memory, and various brain disorders, and a host of 
mechanisms at molecular level have been delineated^^^*'^"^. 
Synapses-the junctions of nerve cells representing the 
basic interactive unit of neuronal circuits — constitute the 
fundamental systemic relationship within the brain. 
Understanding how this interactive multitude of neuronal 
circuitry is established initially, and refined continuously 
throughout life, is fundamental to understanding the 
molecular basis of learning and memory. At present, an 
impressive array of chemical entities affecting synapse 
formation, neuronal differentiation, neurotrasmission, 
nerve growth and repair, and several other functions, 
are recognized. Some fifty neurotransmitters, belonging 
to diverse chemical groups, have been identified in the 
brain^^^’^^^’^*^^. Receptors, which are activated by these 
chemicals, assume special importance in the present 
context. Specifically, A/'-methyl-D-aspartic acid (NMDA) 
and y-aminobutyric acid (GABA) receptors have been 
implicated in learning and memory’^'^’’^^'"'''^". It has been 
further postulated that GABA^ antagonists may enhance 
memory^^*^, while NMDA receptor has the ability to 
mediate synaptic plasticity^^'^”. Acetylcholine, the first 
neurotransmitter to be characterized^‘^‘, has very signifi¬ 
cant presence in the brain, and recently direct evidence 
has been obtained that acetylcholine is essential for 
learning and memory^'^“. As a matter of fact, acetylcholine 
has been a special target for investigations over the past 
almost two decades, as its deficit, besides other factors, 
has been held responsible for senile dementia, and other 
degenerative cognitive disorders, including Alzheimer’s 
disease’®^"*^^. About 5% of the neurons in the hippo¬ 
campus (part of brain central to learning and memory, 
and emotions) disappear with each decade after 50 years 
of age, and the brain tries to compensate for this by 
further growth of the neurites (neuron axon and den- 
dntes)'''^^ vital in any case for normal functioning of 
the brain. Thus, nerve growth factor (NGF) has an 
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important role to play. Several reports have appeared 
suggesting that angiotensin converting enzyme (ACE) 
inhibitors (e.g„ captopril) may indirectly lead to improved 
cognitive performance^^^. There are several other factors 
(e.g., gonadal steroid receptors*®^’^^^”), which have a bear¬ 
ing on learning and memory, but these will not be 
discussed, as they are not relevant to the work carried 
out, and discussed in the sequel. 

The above knowledge about neurotransmitters, 
enzymes, growth factors relevant to memory and learning, 
and cognitive disorders, is already being, harnessed for 
the discovery and development of suitable therapeutic 
agents““^’^^'^. Major stress has been on acetylcholine. 
Since with advancing age the number of acetylcholine 
receptors decline, inhibitors of acetylcholine esterase 
(AChE), which terminates the action of acetylcholine, 
have been special targets for development. A brief 
reference to this was made earlier. 

We have looked at some of the Ayurvedic plants 
reputed as memory enhancers {Medhya) and as anti-aging 
{Vayahsthapanaf^^^, by the standard receptor binding, 
and enzyme inhibition techniques (Table 7)^^^"^, with the 
specific aim of identifying any leads based on the above 
considerations. It was gratifying to see several positive 
results. Shankhapushpi (leaf) is one of the prime medhya 
plants of Ayurveda; it appears it may be useful for 
neural regeneration and synaptic plasticity. 

(rhizome) appears to be an excellent candidate for dis¬ 
covery of an inhibitor of AChE. Our preliminary work 
shows that the active compound is an alkaloid. Haritaki 
(fruit) is highly prized in Ayurveda as an anti-aging 
plant; its extract has displayed several activities. Ash- 
wagandha (Figure 3; root) is another important anti-aging 
plant. We have investigated this plant in some detail, 
as its extract showed high affinity for both GABA^ and 
GABAg receptors^”^. Receptor-binding-assay guided frac¬ 
tionation of the crude methanol extract resulted in a 
butanol fraction with retention of GABAg receptor 
activity (IC 5 () ~47|Lig/ml), and an ‘aqueous fraction’ 
which retained both GABA^ (IE 50 ~ 0-37 jig/ml) and 
GABAg (IC 5 tj - 15.8 ^Lg/ml) affinity. However, both 
vaccha and jyotishmati, important Ayurvedic medhya 
plants, did not show any biological response in these 
screens. It is quite possible that there are still unknown 
pathways by which compounds may affect processes of 
learning and memory, so a negative outcome need not 
necessarily mean that that particular plant has no 
scientific basis for its traditional use. 

Gastrointestinal disorders, satiety and feeding behaviour. 
Cholecystokinin (CCK) is a polypeptide hormone widely 
distributed in the gastrointestinal tract, and nervous 
system both peripheral and central, and plays a major 
role in gut function, in the feeding behaviour and 
digestive process. It also occurs in the brain, where it 
acts as a neurotransmitter and neuromodulator. CCK 
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exists as several different molecular species (CCK-58, 
CCK-39, CCK-33, CCK- 8 , and CCK-4). The octapeptide 
CCK- 8 , for example, predominates in the brain. Also, 
there are at least two types of CCK receptors*'^^"^^’^ 

The past 10-15 years have seen much activity in the 
area of development of potent and selective CCK agonists 
and antagonists, as it is believed that these agents may 
lead to novel therapy for the treatment of disorders such 
as gastrointestinal disturbances, pancreatitis, gastric and 
pancreatic carcinomas, obesity, cognition dysfunction, in 
which CCK has been implicated. Several such molecules 
are under active development^^^l Special mention may 
be made of the so-called satiety agents, fashioned after 
CCK, to fight obesity"^'"'^. 

In view of the above importance, it appeared worth¬ 
while to evaluate the three components of Triphala 
(three fruits), an Ayurvedic remedy for treating various 
gastrointestinal disorders. The three fruits are produce 
of Terminalia chebula (Sanskrit: Haritaki), Terminalia 
bellerica (Sanskrit: Bibhitaka), and Emblica officinalis 
(Sanskrit: Aamalaki); haritaki has also been recom¬ 
mended in Ayurveda for treatment of obesity^The 
methanol-extracted material from the three fruits was 
evaluated in vitro by radioligand binding assays (Table 
8 )^^‘. As is evident from these data, all the three extracts 
showed good affinity for the CCK receptor, thus offering 
good opportunity for the isolation and evaluation of 
new, and possibly clinically useful ligands. We have 
investigated the extract from T. bellerica (Figure 4 ) in 
some detail and have isolated several pure compounds. 


one of which (code name: B 3 EA-IO, m.p. 190-192'^) 
showed high affinity - 1 . 8 M,g/ml). 

These investigations in two different areas, though of 
a very preliminary nature, do serve to highlight the 
potential of Ayurvedic materia medica for the discovery 
and development of new molecules for therapeutic use. 
This approach may have additional advantages (because 
of traditional usage of the plant material) such as, 
possibly lesser problems with bioavailability and toxi¬ 
cology, and drug delivery through the oral route. 

Opportunity: Herbal drugs 

Though herbal drugs or phytomedicines, as they are 
sometimes called, are the very basis of traditional reme¬ 
dies of various cultures, and their tinctures had been 
inducted in the allopathic medicine in the early decades, 
they appear to have returned in a more sophisticated 
form in recent years, in a big way^^*“‘-~^‘^ These drugs 
are invariably single plant extracts, or fractions thereof, 
which have been carefully standardized, and their efficacy 
and safety, for a suggested application, demonstrated. 
Thus, these drugs, as distinct from well-defined single 
compound drugs, are complex mixture of many com¬ 
pounds, in which the biologically active compound(s) 
may not even have been identified. However, in several 
cases considerable research has also been carried out 
on their mechanism of action. Except for ginseng, on 
which most research was done in Japan, most of the 
other modern herbal drugs have reached the market as 


Table 7. Modern scientific evaluation of some Ayurvedic Medhya and Vaycihsthapana plants 
Enzyme inhibition {%) Receptor binding (%) 


Plant 

(Sanskrit name) 


Aconis calamus 
(Vaccfia) 

Benincasa hispida 
{Kooshmancl) 

Celastrus paniculatus 
(Jyotishmati) 

Cent el la asiatica 
(M and ookpaarni) 
Convol vulus microphyllus 
( Shankhapushpi) 

Na rdostackys jatamansi 
(Jataatnansi) 

Ocimiun gratissimum 
(Tulsi) 

Pluchea laneeolata 
( Raasna) 

Terminalia chebula 
(Haritaki) 

Wit/iania somnifera 
(Ashwagandha) 


ACE AcChE NMDA 


GABA 

(A/B) NGF 


Not investigated 


90 


68 

60 

82 


Not investigated 


82 - 
(B) 

55 - High 


Not investigated 

99 50 

(B) 

53 53 

(B) 

>80 

(A,B) 


(i) The appropriate plant part, as recommended in Ayurveda, was extracted with methanol by room 
temperature percolation. 

(ii) For biological screening, the methanol-free extract was taken up in aq. DMSO to get 5 u.g of the 
material per 1 ml. 
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a result of research conducted in Europe, mainly in 
Germany, France, and Italy. The European Scientific 
Cooperative on Phytotherapy (ESCOP) has listed some 
150 herbal drugs as beneficial^*^ In Germany, the Federal 
Ministry of Health has set up a special Commission 
(E), which looks after various aspects of herbal drugs''\ 
and these medicines are available as prescription drugs. 
However, at present, no therapeutic claims are entertained 
in the US and the same drugs are available there in 
health food stores as dietary supplements. 

Table 9 lists a few of the currently most successful 
phytomedicines. Beside these, there are several other 
single-plant drugs, herbal mixtures and teas on the 
market. It has been estimated that total phytomedicine 
sales in the countries of European Union, in 1991, were 
of the order of US $ 600 crore, of which almost half 
were sold in Germany alone^^^ This market is growing 



Figure 3. Withania somnifora plant. 



Figure 4. Tenninalia bellerica plant. 


at the rate of 15-20% yearly, not only in EU but also 
in the United States. Of the drugs listed in Table 9, 
echinacea has the highest market share (US), followed 
sequentially by garlic (- 10%), ginseng (~ 6%), ginkgo 
(-4.5%), and saw palmetto {Serenoa repens, -4.4%); 
yearly sales of ginkgo products alone in the early 1990s 
in Europe amounted to US $ 50 crore^*^'^^^. It appears, 
present global market may be of the order of US $ 
2000 crore. This figure, of course, does not include 
classical Ayurvedic, Chinese and other traditional herbal 
preparations share. Their growing popularity has been 
ascribed to their reasonable standard of effectiveness, 
minimal side effects, and being economically priced^‘^. 

I have given a rather extended introduction to herbal 
drugs, as I see wide scope for this type of activity for 
our Ayurvedic and folklore plants. Almost all these 
modern herbal preparations are based on leads from 
traditional usage, and areas of application (cf. Table 9) 
are ‘non-criticak and ‘non-acute’, often requiring long¬ 
term use. The necessary chemical and biological inputs 
are also limited. This type of development activity 
clearly falls within the financial means of several of 
our pharmaceutical companies, and they can reap good 
dividends. Not much has been done in this area in the 
country, though herbal (mostly polyherbal) preparations 
abound in the market. A vast majority of these are 
non-standardized preparations, with no clinical perform¬ 
ance data. Even the recently launched memory enhancer 
(Memory Plus, Velvette International Pharma Products), 
developed at CDRI, Lucknow, has become controversial 
because of lack of any clinical data^’'^. In India the total 
herbal products market, including sales of crude drugs, 
has been estimated at Rs 2500 crore, of which ~ 50% 
is contributed by Ayurvedic classical preparations and 
their modernized versions; the export component in this 
is around 15% (ref. 218). This is a small percentage 
of the global trade estimated at $ 2000 crore. Thus, 
opportunities for developing modern phytomedicines 
based on leads from Ayurveda, are indeed vast. 

Epilogue 

I have tried to lay bare the opportunities that the 
Ayurvedic materia medica holds for modern drug 


Table 8. CCK (peripheral) receptor-binding assay of Triphala com¬ 
ponents 

Plant 


Per cent inhibition 

Tenninalia chebiila 


96 

Tenninalia bellerica 


91 

Emblica officinalis 


76 


(i) The dried kernel-free fruits were extracted with methanol by room 
temperature percolation. 

(ii) For biological screening, the methanol-free extract was taken up 
in aq. DMSO to get 5 jig of the material per 1 ml. 
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Table 9. Herbal medicines popular in Europe and United 


Plant 

(part) 

Effective components 

Therapeutic claims 

Panax ginseng 
(Root) 

Ginsenosides 

Combats feeling of lassitude and fatigue; 
adaptogen 

Ginkgo biloba 
(Leaf) 

Flavonoids and ginkgolides 

Treatment of cerebral and peripheral 
circulatory disturbances 

Echinacea spp. 

(Root, aerial part) 

High mol. wt., 

polysaccharides; isobutylamides 

Immunostimulatory 

Allium sativum 
(Bulb) 

Alliin and other related compounds 

Hypocholesterolemic, hypolipemic 

Serena a repens 
(Fruit) 

Polysaccharides 

Treatment of nonmalignant prostate disease 

Hype ricum perfo ratum 
(Leaf, flower) 

Flavonoids (?) 

Treatment of mild depression, nervousness 

Valeriana officinalis 
(Root) 

Sesquiterpene acids; valepotriates 

Sedative 

Flower pollen 

7 

Benign prostatic hyperplasia 


development. In order to take advantage of these, nec¬ 
essary scientific and technological inputs will have to 
be made. And for this to happen, industry and Govern¬ 
ment have to play a visionary and crucial role. At 
present, there is hardly any concerted effort in this 
direction in our country. One must carefully select areas 
of commercial and/or social significance. The inputs 
outlay should be such that' the product reaches the 
market in a reasonble time; most pharmaceutical houses 
abroad have set a goal for 2500 days ‘from molecule 
to market’^^‘^. We must also hone our marketing strategies. 
For instance, one must ponder over the fact that, whereas 
the global market for cholesterol-lowering drugs around 
1990 was of the order of US $ 200 crore^^^^, our ‘Guglip’ 
(Cipla, 1987) with good credentials, has hardly been 
able to scratch the surface of this burgeoning market! 
It has been well said: a therapeutic breakthrough will 
remain sterile, unless rewarded by economic success. 


References and notes 

1. Sukh Dev, Proc. Indian Natl. Set Acad., 1988, S4A, 12. Modern 
drug may be defined as a clinically efficaceous chemical entity or 
mixture, of synthetic or natural origin, administered as such or 
admixed with other entities or vehicles and being produced in a 
reproducible form under good analytical control. The term clinically 
efficacious is meant to convey that the said product has undergone 
pharmacological, toxicological and clinical screening as per accepted 
parameters of modern medical sciences. 

2, See e.g,, Konig, H., Angew. Chem. Int. Ed. Engl., 1980, 19, 749, 

3, Hileman, B., C&EN, 1996, Jan. 22, 9. For a recent article on the 
subject with special reference to India, see: Ramalingaswami, V., 
Curr. Set, 1996, 70. 1050. 

4. See e.g., Wolff, M. E. (ed.), Burger’s Medicinal Chemistry and 
Drug Discovery, Wiley-Interscience, New York, 1995, vol. 2; 
Wermuth, C. G. (ed.). Medicinal Chemistry for the 21st Century, 
Blackwell Scientific, Oxford, "1992, pp. 3-60; Maxwell, R. A. and 
Eckhardt, S. B., Drug Discovery: A Casebook and Analysis, jtiuraana 
Press, Clifton, 1990. 


5. Gerhartz, W., Yamamoto, Y. S., Campbell, F. T., Pfefferkorn, R. 
and Rounsaville, J. F. (eds), Ullmann’s Encyclopedia of Industrial 
Chemistry, 1985, A2, 467. 

6. Kroschwitz, J. I. and Howe-Grant, M. (eds), Kirk-Othmer Encyclo¬ 
pedia of Chemical Technology, 1992, 2, 893, 

7. Nisbet, L. J. and Westley, J. W., Annu, Rep. Med. Chem., 1986, 
21, 149. 

8. Dower, W. J. and Fodor, S. P. A., Annu. Rep. Med. Chem., 1991, 
26, 271. 

9. Moos, W. H., Green, G. D. and Pavia, M. R., Annu. Rep. Med. 
Chem., 1993, 28, 315. 

10. Nielsen, J., Chem. Ind., 1994, 902. 

11. Desai, M. C., Zuckermann, R, N. and Moos, W. H., Drug Dev. 
Res., 1994, 33, 174. 

12. Furka, A., Drug Dev. Res., 1995, 36, 1. 

13. Terrett, N. K., Gardner, M., Gordon, D. W., Kobylecki, R. J. and 
Steele, J., Tetrahedron, 1995, 51, 8135. 

14. Thomp.son, L. A. and Ellman, J. A., Chem. Rev., 1996, 96, 555. Also 
see: Chem. Rev., 1997, 97, Febuary issue, entirely devoted to 
combinatorial chemistry. 

15. Borman, S., C&EN, 1996, Feb. 12, 29. 

16. Chaiken, I. M. and Janda, K. D. (eds), Molecular Diversity and 
Combinatorial Chemistry: Libraries and Drug Discovery, American 
Chemical Society, Washington, DC, 1996. 

17. Gracheck, S, J., Miller, P. F. and Marks, J. S., Annu. Rep. Med. 
Chem., 1993, 28, 161. 

18. Green, M. J. and Lutsky, B. N., Annu. Rep. Med. Chem., 1976, 
11, 149. 

19. Grayson, M. and Eckroth, D. (eds), Kirk-Othmer Encyclopedia of 
Chemical Technology, 1980, 12, 575; 1982, 21, 668. 

20. Schaaf, T. K., Annu. Rep. Med. Chem., 1976, 11, 80. 

21. Nicolaou, K. C., Gasic, G. P. and Barnette, W. E., Angew. Chem. 
Int. Ed. Engl., 1978, 17, 293. 

22. Anon., Chemtech, 1988, 18, 84. 

23. Janssen, P. A. J. and Tollenaere, J. P., in Medicinal Chemistry for 
the list Century (ed. Wermuth, C. G,), Blackwell Scientific, Oxford, 
1992, p. 13, 

24. Musser, J. H., in Medicinal Chemistry for the 2Ist Century (ed. 
Wermuth, C. G.), Blackwell Scientific, Oxford, 1992, p. 25. 

25. Blohm, D., Bollschweiler, C. and Hillen, H., Angew. Chem. Int. 
Ed. Engl., 1988, 27. 207. 

26. Venuti, M. C., Annu. Rep. Med. Chem., 1990, 25, 289. 

27. Thayer, A. N., C&EN, 1991, Feb. 25, 27. 


924 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


GENERAL ARTICLE 


28. Freidinger, R. M., in Medicinal Chemistry for the 21st Century (ed. 
Wermuth, C. G.), Blackwell Scientific, Oxford, 1992, p. 233. How¬ 
ever see, Taylor, M. D. and Amidon, G. (eds), Peptide-Based Dritj^ 
Design: Controlling Transport and Metabolism, American Chemical 
Society, Washington, 1995. 

29. Thayer, A. M., C&.EN, 1995, June 5, 17. 

30. Hirshmann, R., Angew, Client hit. Ed., 1991, 30, 1278. 

31. Williams, M. and Enna, N, J,. Annu. Rep. Med. Cheni., 1986, 21, 

211 . 

32. Black, J. W., Angew, Client hit. Ed. Engl., 1989, 28, 886. 

33. Walpole, C. S. J. and Wriggles worth, R., Nat. Prod. Rep., 1989, 
311. 

34 Erickson, J. W. and Fesik, S. W., Annu. Rep. Med. Chem., 1992, 
27. 271. 

35. Ganellin, C. R., in Medicinal Chemistry for the 21st Century (ed. 
Wermuth, C. G.), Blackwell Scientific, Oxford, 1992, p. 3. 

36. Schwartz. J. C., in Medicinal Chemistry for the 21st Century (ed. 
Wermuth, C. G.), Blackwell Scientific, Oxford, 1992, p. 63. 

37. Musser, J. H., Annu. Rep. Med. Chem., 1992, 27, 301. 

38. Krieger, J. H., C&EN, 1996, April 22, 10; Reynolds, C. H., 
Holloway, M. K. and Cox, H. R. (eds), Computer-Aided Molecular 
Design: Applications in Agrochemicals, Materials and Pharmaceu¬ 
ticals, American Chemical Society, Washington, DC, 1995. 

39. Mansuri, M. M. and Hitchcock, M. J. M., Chemtech, 1992, 22, 
564. 

40. Montgomery, J. A. and Slid Niwas, Chemtech, 1993, 23, 30. 

41. Johnson, R. K. and Hertzberg, R. P., Annu. Rep. Med. Chem., 
1990, 25, 129. 

42. Rawls, R., C&EN, 1996, April 8, 37. 

43. Hansch, C. and Leo, A., Exploring QSAR: Fundamentals and 

' Applications in Chemistry and Biology, vol. 1; Leo, A., Hansch, 

C. and Hoekman, D., Exploring QSAR: Hydrophobic, Electronic 
and Steric Constants, vol. 2, American Chemical Society, Washington, 
1995. 

44 Maxwell, R. A. and Eckliardt, S. B., Drug Discovery: A Casebook 
and Analysis, Humana Press, Clifton, 1990. 

45. Hannan, P. J., Roy, R., Christman, J. F., Chemtech, 1988, 18, 80. 

46. Foye, W. O., in Principles of Medicinal Chemistry (ed. Foye, 
W. O.), Lea and Febiger, Philadelphia, 1981, p. 697. 

47. Sukh Dev, in Plants and Society (eds Swaminathan, M. S. and 
Kochhar, S. L.), Macmillan, London, 1989, p. 267. 

48. Beecher, C. W. W., Farnsworth, N. R. and Gyllenhaal, C., in 
Natural Products of Woody Plants (ed. Rowe, J. W.), Springer, 
Berlin, 1989, vol. 2, pp. 1059. Also see: Cragg, G. M., Newman, 

D. J. and Snader, K.. M., J. Nat. Prod., 1997, 60, 52. 

49. Mitscher, L. A. and Alshamma, A., Annu. Rep. Med. Chem., 1980, 
15, 255. 

50. Budavari, S. (ed.), The Merck Index, Merck and Co., Rahway, 
1989. 

51. This figure has been extrapolated from the data available for the 
period 1983-91: Annu. Rep. Med. Chem., 1992, 27, 357. 

52. Sukh Dev, Proc. Indian Natn. Sci Acad., 1988, 54A, 12. 

53. For further details vsee: Allen, R. C., Annu. Rep. Med. Chem., 1987, 
22, 315; Ong, H. H. and Allen. R. C., Annu. Rep. Med. Chem., 
1988, 23, 325. 

54 Braquet, P. (ed.), Ginkgolides-Chemistry, Biology, Pharmacology 
and Clinical Perspectives, J. R. Prous Science, Barcelona, vol. 1, 
1988; vol. 2. 1989. 

55. Both guggulsterones and ginkgolides are currently being marketed 
as standardized extracts. 

56. Data culled from Annu. Rep. Med. Chem., 1992-1996, vols. 27-31. 

57. Sankawa, U., in Proceedings of the Seventh Asian Symposium on 
Medicinal Plants Spices and other Natural Products (eds Cruz, L. J„ 
Concepcion, G. P., Mendigo, M. A. S. and Guevara, B. Q.), 
University of the Philippines, Manila, 1992, p. 143. 

58. Kinghorn, A. D. and Seo, E-K., Chemtech, 1996, 26, 46. 


59. See e.g., Farnsworth, N. R. and Bingel. A, S., in New Natural 
Products and Plant Drugs with Pharmacological, Biological or 
Therapeutical Activity (eds Wagner, H,, Wolff, P.), Springer, Berlin, 
1977, p. 1. 

60. Hartwell, J. L,, Lloydia, 1971, 32, 204; Cordell, G. A., in New 
Natural Products and Plant Drugs with Pharmacological, Biological 
or Therapeutical Activity (eds Wagner, H. and Wolff, P.), Springer, 
Berlin, 1977, p. 54; Aszalos, A. (ed.), Antitumor Compounds of 
Natural Origin, CRC Press, Boca Raton, 1982. 

61. However, it must be pointed out that two compounds (taxol, 
camptothecin) discovered during these investigations have acquired 
much importance in rercent years as anti-cancer agents. 

62. Aswal, B. S„ Bhakuni, D. S., Goel, A. K., Kar, K. and Mehrotra, 
B. N., Indian J. Exp. Biol, 1984, 22, 487; Rastogi, R. P. and 
Dhawan, B. N., Indian J. Med. Re.s., 1982, 76 (suppl.), 27. 

63. Desai, H. K. et al, Indian J. Chem., 1973, 11, 1. 

64. An innovative therapeutic agent has been defined^^ as ‘a chemical 
whose use in a given indication had little or no precedent before 
its introduction and whose use also represents a very significant 
improvement over, or a very significant supplement to, available 
drugs.’ 

65. Annu. Rep. Med. Chem., 1995, 30, 376. 

66. Sitting, M., Pharmaceutical Manufacturing Encyclopedia, Noyes 
Data Corporation, Pai'k Ridge, 1979. 

67. Woodson, R. E., Yongken, H. W., Schlittler, E. and Schneider, 

J. A., Rauwolfia: Botany, Pharmacognosy, Chemistry and Pharma¬ 
cology, Little, Brown and Company, Boston, 1957. 

68. Taylor, W. I. and Farnsworth, N. R. (eds). The Catharanthus 
Alkaloids, Marcel Dekker, New York, 1975. 

69. Kraska, A. R., Annu. Rep. Med. Chem., 1979, 14, 132. 

70. Loike, J. D., Cancer Chemother. Pharmacol., 1982, 7, 103. 

71. Ref 50, pp. 610, 1440. 

72. Gerhartz, W. et al. (eds), VllmaniPs Encyclopedia of Industrial 
Chemistry, VCH Verlag, Weinheim, 1986, vol. A5, p. 21. 

73. Stiffness, M., Annu. Rep. Med. Chem., 1993, 28, 305. 

74. Stiffness, M. (ed.), Taxol: Science and Applications, CRC Press, 
Boca Raton, 1995. 

75. Georg, G. L, Chen, T. T., Ojima, I., Vyas, D. M. (eds), Taxane 
Anticancer Agents: Basic Science and Current Status, American 
Chemical Society, Washington DC, 1995. 

76. Wall, M. E., Wani, M. C., Cook, C. E., Palmer, K. H., McPhail, 
A. T. and Sim, G. A., J. Am. Chem. Sac., 1966, 88, 3888. 

77. Govindachari, T. R. and Viswanathan, N., Phytochemistry, 1972, 
11, 3529. 

78. Potmesil, M. and Pinedo, H. (eds), Camptothecins: New Anticancer 
Agents, CRC Press, Boca Raton, 1995. 

79. Cheng, X-M., Annu. Rep. Med. Chem., 1995, 30, 301. 

80. Pettit, G. R., Pierson, F. H. and Herald, C. L., Anticancer Drugs 
from Animals, Plants and Microorganisms, John Wiley, New York, 
1994 

81. Valeriote, F. A., Corbett, T. H. and Baker, L. H. (eds), Anticcmcer 
Drug Discovery and Development: Natural Products as Molecular 
Models, Kluver Academic, Norwell, 1994. 

82. Gueritte-Voegelein, F., Guenard, D., Lavelle, F., LeGoft, M., 
Mangatal, L. and Potier, P., J. Med. Chem., 1991, 34, 992 and 
references cited therein. 

83. Ref 41, p. 133. 

84. Hertzberg, R. P. and Johnson, R. K., Annu. Rep. Med. Chem., 
1993, 28, 167. 

85. Compounds which bind to tubulin, interfere with the assembly of 
microtubules, resulting in mitotic block, while taxol which enhances 
the rate of microtubules assembly results in the formation of aberrant 
microtubule bundles, again leading to the arrest of mitosis (Ref 
73, p. 307). 

86. Seamon, K. B., Annu. Rep. Med. Chem., 1984, 19, 293. 

87. Also .see: a. Kupchan, S. M., in Drug Discovery, American Chemical 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


925 





GENERAL ARTICLE 


Society, Washington, 1971, p. 1; b. Wagner, H., Hikino, H. and 
Farnsworth, N. R. (eds), Economic and Medicinal Plant Research, 
Academic Press, London, 1989, voh 2; c. Chadwick, D. J. and 
Marsh, J. (eds), Bioactive Compounds from Plants, John Wiley, 
Chichester, 1990; d. Kinghorn, A. D. and Baladrin, M. F. (eds), 
Human Medicinal Agents from Plants, American Chemical Society, 
Washington, 1993; e. Gullo, V. P. (ed.). The Discovery of Natural 
Products with Therapeutic Potential, Butterworth-Heinemann, 
Boston, 1994. 

88. Mukerji, B., Medal Lectures //, Indian National Science Academy, 
New Delhi, pp. 973. 

89. Hartwell, J. L. and Schrecker, A. W., Fortsch. Cliem. Org. 
Naturstqffe, 1958, 15, 83. 

90. Spjut, R. W. and Perdue, R. E., Cancer Treatment Rep., 1976, 
60, 979. 

91. Shibata, S., in Advances in Natural Products Chemistry (eds Natory, 
S., Ikekawa, N, and Suzuki, M.), Kodansha, Tokyo, 1981, p. 398, 

92. Takemi, T., Hasegawa, M., Kumagai, A. and Otsuka, Y. (eds), 
Herbal Medicine: Kampo, Past and Present, Tsumura Juntendo 
Tokyo, 1985. 

93. Bai, D., Pure Appl. Chem., 1993, 65, 1103. 

94. Xiao, P. G., in Natural Products as Medicinal Agents (eds Beal, 
J. L. and Reinhaid, E.), Hippokrates, Stuttgart, 1981, p, 351, 

95. Huang, L., in Natural Products and Drug Research (eds Krogsgaard- 
Larsen, Christensen, S. B. and Kofod, H.), Munksgaard, Copen¬ 
hagen, 1984, p. 94, 

96. Chang, H. M., Yeung, H. W.. Tso, W-W. and Koo, A. (eds). 
Advances in Chinese Medicinal Materials Research, World Scien¬ 
tific, Singapore, 1985. 

97. Sankawa, U., in Proceedings of the Seventh Asian Symposium on 
Medicinal Plants, Spices and Other Natural Products (eds 
Cruz, L. J., Concepcion, G, P., Mendigo, M. A. S. and Guevara, 
B. Q.), Lmversity of the Philippines, Manila, 1992, p. 143. 

98. Allen, R. C., Annu. Rep. Med. Chem., 1985, 20, 323. 

99. Xiao, P. G., in Proceedings of the Seventh Asian Symposium on 
Medicinal Plants, Spices and other Natural Products (eds Cniz, 
L. J., Concepcion, G. P., Mendigo, M. A. S. and Guevara, B, Q.), 
University of the Philippines, Manila, 1992, p. 151. 

100. Ong, H. H. and Allen, R. C., Anna. Rep. Med. Chem., 1988, 23 
327. 

101. Da-yuan, Z., Abstr. Chinese Med., 1987, 1, 251. 

102. Murray, M. C, Annu. Rep. Med. Chem., 1997, 31, 141. Also see: 
Haynes, R. K, and Vonwiller, S. C., Acc. Chem. Res., 1997 30 73 

103. Ref. 100, p. 340. 

104. Vlietinck, A., in Biologically Active Natural Products (eds 
Hostettmann, K. and Lea, P. J.), Clarendon Press, Oxford, 1987 
p. 33. 

105. Tempesta, M, S. and King, S. R., Annu. Rep. Med. Chem., 1994 
29, 325. 

106. The understanding of a totality of an entity does not arise from 
a fragmentary knowledge of it’ (Charaka Samhita, VI, 4.5). 

107. This is now being considered in allopathic medicine! See e.g., 
Pietroni, P, C., J. R. Sac. Med., 1987, 80, 357. 

108. Sharma, S. (ed.), in Realms of Ayurveda, Arnold-Heinemann, New 
Delhi, 1979, p. 11. For a recent critique see: Chopra, D., Perfect 
Health, Hormony Books, New York, 1991. 

109. See e.g., Dahanukar, S, A. and Thatte, U. M., Ayurveda Revisited, 
Popular Prakashan, Mumbai, India, 1989, p. 38. 

110. Charaka Samhita is, in fact, an edited and enlarged version of an 
older treatise (Tantra) by Agnivesha, which was based on discus¬ 
sions and proceedings of a series of meetings and symposia, 
organized by his preceptor Atreya Punarvasu. Charaka Samhita 
was redacted and enlarged later by other scholars, most important 
amongst these, being Drdhabala. 

111. Mehta, P. M., in Realms of Ayurveda (ed. Sharma, S,), Arnold- 
Heinemann, New Delhi, 1979, p. 47. 


112. Charaka Samhita (edited and published by Shree Gulab Kunverba 
Ayurvedic Society), Jamnagar, 1949, vol. I-VI. 

113. Sharma, S. P., Charaka Samhita, Chaukhambha Orientalia, Varanasi 
1981, vol. I-IV. 

114. Singhal, G. D., in Realms of Ayurveda (ed. Sharma, S.), Arnold- 
Heinemann, New Delhi, 1979, p. 124. 

115. Majumdar, R. C., in A Concise History of Science in India (eds 
Bose, D. M., Sen, S. N. and Subbarayappa, B. V.), Indian National 
Science Academy, New Delhi, 1971, p. 222. 

116. Krishnamurthy, K. H., Wealth of Susruta, International Institute of 
Ayurveda, Coimbatore, 1991. 

117. Garde, G. K. (ed.), Sartha Vagbhatta: Ashtangahridaya with Marathi 
Translation, Aryabhushana Mudranalaya, Pune, 1954. 

118. Sarangdhara Samhita (edited and published by Dikshit, Y. G.), 
Pune, 1908. 

119. Pandey, G. (ed.), Bhava Prakash, Chaukhambha Vidya Bhavan, 
Varanasi, 1960. 

120. Namjoshi, A., in Realms of Ayurveda (ed. Sharma, S.), Arnold- 
Heinemann, New Delhi, 1979, p. 217. 

121. Ref. 115, p. 264. 

122. See e.g., Ray, P. and Gupta, H. N., Caraka Samhita, National 
Institute of Sciences of India, New Delhi, 1965, p. 27. 

123. Lele, R. D., in Realms of Ayurveda (ed. Sharma, S.), Arnold- 
Heiemann, New Delhi, 1979, p. 217. 

124. Ref. 115, pp. 257-262. 

125. Subbarayappa, B. V., in India’s Contribution to World Thought 
ami Culture (eds Chandra, L. et ai), Vivekanand Rock Memorial 
Committee, Madras, 1970, p. 54. 

126. Filliozat, J., in India’s Contribution to World Thought and Culture 
(eds Chandra, L. et al.), Vivekanand Rock Memorial Committee, 
Madras, 1970, p. 67. 

127. See Chopra, D., cited in ref. 105. 

128. Hartzell, J. F. and Zysk, K. G., J. Alternative Complementary 
Med., 1995, 1, 297. 

129. Sharma, S., Reader’s Digest {India), 1978, (November/December), 
255. 

130. Nitya Anand, in Comprehensive Medicinal Chemistry (eds Hansch, 
C., Sammes, P. G. and Taylor, J. B.), Pergamon Press, Oxford, 
(vol. ed. Kennewell, P. D.), 1990, vol. 1, pp. 113-131. 

131. Sukh Dev, in Science Technology and Industrial Development in 
India (eds Pakrashi, S. C. and Phondke, G. P.), Publication & 
Information Directorate, New Delhi, India, 1995, p. 159. 

132. Vakil, R. J., Br. Heart J., 1949, 11, 350. 

133. See e.g., Sastry, V. V. S., Bull. Indian Inst. History Med., 1976, 
6 , 102 . 

134. Gujral. M. L., Sareen, K., Tangri, K. K., Amma, M. K. P. and 
Roy, A. K., Indian J. Physiol. Pharmacol., 1960, 4, 267. 

135. Santhakumari, G., Gujral, M. L. and Sareen, K., Indian J. Physiol 
Pharmacol., 1964, 8, 36. 

136. Tripathi, S. N., Shastri, V. V. S, and Satyavati, G. V„ J. Res. 
Indian Med., 1968, 2, 10. 

137. Mehta, V. L., Malhotra, C. L. and Kalrah, N. S.. Ii^ian J. Physiol. 
Pharmacol., 1968, 12, 87. 

138. Khanna, D. S., Agarwal, O. P., Gupta, S. K. and Arora, R. B., 
Indian J. Med. Res., 1969, 57, 900. 

139. Satyavati, G. V., Dwarkanath, C. and Tripathi, S. N., Indian J. 
Med. Res., 1969, 57, 1950. 

140. See e.g., Satyavati, G. V., Indian J. Med. Res., 1988, 87, 327. 

141. See e.g., Foye, W. 0. (ed.), Principles of Medicinal Chemistry, 
Lea & Febiger, Philadelphia, 1981, pp. 506. 

142. Patil, V. D., Nayak, U. R. and Sukh Dev, Tetrahedron, 1972, 28, 
2341. 

143. Nityanand, S. and Kapoor, N. K., Indian J. Exp. Biol, 1973, 11, 
395. 

144. It is remarkable that in Ayurvedic pharmacy practice, raw gugglu 
is first purified (shodhan) before its incorporation into any for- 


926 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 




GENERAL ARTICLE 


mulated remedy. From the purification procedure it is clear that 
the process rejects the toxic gum portion: see e.g., Garg, D. S., 
Agarwal, J. P. and Garg, D. D. (eds), Dhanvantri, 1963, 37, 430. 

145. Patil, V. D., Nayak, U. R. and Sukh Dev, Tetrahedron, 1973, 29, 
341, 1595. 

146. Prasad, R. S and Sukh Dev, Tetrahedron, 1976, 32, 1437. 

147. Bajaj, A. G. and Sukli Dev, Tetrahedron, 1982, 38, 2949. 

148. Kumar, V. and Sukh Dev, Tetrahedron, 1987, 43, 5933. 

149. Sukh Dev, in Studies in Natural Products Chemistry (ed. 
Atta-ur-Rahman), Elsevier, Amsterdam, Netherlands, vol. 5 (Part 
B), 1989, p. 695. 

150. Nityanand, S. and Kapoor, N. K., Indian J. Pharmacol., 1975, 71, 
60; Indian J. Biochem. Biophys., 1978, 15, 77. 

151. Agarwal, R. C., Singh, S. P., Saran, R. K., Das, S. K., Sinha, 

N., Asthana, O. P., Gupta, P. P., Nityanand, S., Dhawan, B. N. 

and Agarwal, S. S., Indian J. Med. Res., 1986, 84, 626. 

152. See e.g,, Roth, B. D., Sliskovic, D. R. and Trivedi, B. K., Annu. 
Rep. Med. Chem., 1989, 24, 147. 

153. See e.g., various issues of J. Res. Indian Med., J, Res. Aytir. 
Sidha, Indian J. Med. Res., Indian J. Exp. Biol. 

154. Satyavati, G. V., Raina, M. K. and Sharma, M. (eds), Medicinal 
Plants of India, Indian Council of Medical Research, New Delhi, 
India, vol. 1, 1976. 

155. See e.g., Garg, D. S., Agarwal, J. P. and Garg, D. D. (eds), 
Dhanvantri, 1971, 45, 208. 

156. Gaitonde, B. B. and Jetmalani, M. H., Indian J. Pharmacol., 1969, 
31, 175; Arch. Int. Pharmacodyn., 1969, 179, 121; Gaitonde, B. B., 
in Realms of Ayurveda (ed. Sharma, S.), Arnold-Heinemann, New 
Delhi, India, 1979, p. 248. 

157. Sabnis, P. B., Gaitonde, B. B. and Jetmalani, M. H., Indian J. 
Exp. Biol., 1968, 6, 55; Patel, A. B, and Kanitkar, U. K., Indian 
Vet. J., 1969, 46, 718. 

158. Wagner, H., in Natural Products as Medicinal Agents (eds Beal, 
J. L. and Reinhard, E.), Hippokrates, Stuttgart, 1981, pp. 217-242. 

159. Handa, S. S., Sharma, A. and Chakraborti, K. K., Fitoterapia, 
1986, 57, 307. 

160. Hikino, H., in Biologically Active Natural Products (eds 
Hostettmann, K. and Lea, P. J.), Oxford Science Publications, 
Oxford, UK, 1987, pp. 143-151. 

161. Dictionary of Organic Compounds (ed. Buckingham), Chapman 
and Hall, London, UK, 1989, 5th edn, 7th supplement, p. 88. 

162. See e.g., a. Mooss, V. N. S., Ayurvedic Flora Medica, Vaidyasarathy 
Press Kottayam, India, 1978, p. 54; b. The Wealth of India, 
Publication and Information Directorate, New Delhi, India, vol. 
2B, (Raw materials), 1988, pp. 341. 

163. Dictionary of Organic Compounds (ed. Buckingham), Chapman 
and Hall, London, UK, 1982, vol. 4, 5th edn, pp. 4475. 

164. See e.g., Chatterjee, A. and Pakrashi, S. C., The Treatise on Indian 
Medicinal Plants, Publication and Information Directorate, New 
Delhi, India, vol. 2, 1992, p. 114. 

165. Jois, H. S., Manjunath, B. S. and Venkatarao, S., J. Indian Chem. 
Soc., 1933, 10, 39. 

166. Anderson, T. F. and Voorhees, J. J., Annu. Rev. Pharmacol. 
Toxicol., 1980, 20, 235. 

167. Mehta, G., Nayak, U. R. and Sukh Dev, Tetrahedron, 1973, 29, 
1119. 

168. Prakasa Rao, A. S. C., Bhalla, V. K., Nayak, U. R. and Sukh 
Dev, Tetrahedron, 1973, 29, 1127. 

169. Damodran, N. P. and Sukh Dev, Tetrahedron, 1973, 29, 1209. 

170. Satyavati, G. V., Gupta, A. K. and Tandon, N. (eds). Medicinal 
Plants of India, Indian Council of Medical Research, New Delhi, 
India, vol. 2, 1987. 

171. Private communication from Dr R. V. Noronha. 

172. See e.g,, Pandey, V. N., in Neein: Research and Development 
(eds Randhawa, N. S. and Parmar, B. S.), Society of Pesticide 
Science, New Delhi, India, 1993. 


173. See e.g., Garg, D. S., Agarwal, J. P. and Garg, D. D. (eds), 
Dhanvantri, 1967, 41, 133. 

174. Khalid, S. A., Duddeck, H. and Gonzalez- Sierra, M., J. Nat. 
Prod, 1989, 52, 922. 

175. MacKinnon, S. et al, J. Nat. Prod, 1997, 60, 336. 

176. In 1988, the world pharmaceutical industry sales were estimated 
to be worth $ 100 billion a year {C&EN, 1988, Aug. 29, 16). 
The annual growth rate has been computed as around 11% (see 
e.g., C&EN, 1996, Nov. 18, 18). 

177. Last year’s turnover for India’s pharmaceutical industry has been 
estimated at Rs9000 crores. 

178. See e.g., Gamerman, G. E, and Mackler, B. F,, Chemtech, 1994, 
24, 37. 

179. Since a very significant contribution to the overall cost is from 
the salaries, in developing countries where salaries may be one-fifth 
of those prevailing in developed countries, the cost of discovering 
and developing new drugs would be far lower. 

180. See e.g., a. Snyder, J., Breuning, R., Derguini, F. and Nakanishi, 
K., in Natural Products of Woody Plants (ed. Rowe, J, W.), 
Springer, Berlin, vol. I, 1989, p. 27; b. Mandava, N. B. (ed.), 
CRC Handbook of Natural Pesticides: Methods, CRC Press, Boca 
Raton, vol. II, 1985. 

181. I am keenly aware that a well-focused, pointed activity on a single 
biological activity would have led to more concrete results, but 
such an effort was not feasible, as our work depended heavily on 
outside help, not only for biological screening, but also for certain 
chemical facilities. Under the circumstances general screening 
appeared more appropriate for optimal utilization of the time and 
manpower. This effort was expected to provide, at least, further 
concordance (or otherwise) to Ayurvedic claims. 

182. Darnell, J., Lodish, H. and Baltimore, D., Molecular Cell Biology, 
Scientific American Books, New York, 1990, pp. 784-802. 

183. Sci. Am.: September 1992 issue is entirely on mind and brain. 

184. Skinner, K. J., C&EN, 1991, Oct. 7, 24. 

185. Fischbach, G. D., Sci. Am., 1992, 267, 48. 

186. Feldman, P. L., Griffith, 0. W. and Stuehr, D. J., C&EN, 1993, 
Dec. 20, 26. 

187. Bowery, N., TiPS Rev., 1989, 10, 401. 

188. Willetts, J., Balster, R. L. and Leander, J. D., TiPS Rev., 1990, 
11, 423. 

189. Johnson, G., Annu, Rep. Med. Chem., 1989 , 24, 41. 

190. Johnson, G. and Bigge, C. F., Annu. Rep. Med. Chem., 1991, 26, 

11 . 

191. See e.g., Bloom, F. E., Annu. Rep. Med. Chem., 1969, 4, 270. 

192. Winkler, J. et al.. Nature, 1995, 375, 484 

193. Hershenson, F. M. and Moos, W. H,, J. Med. Chem., 1986, 29, 
1125. 

194. Hershenson, F. M., Marriott, J. G. and Moos, W. H., Annu. Rep. 
Med Chem., 1986, 21, 31. 

195. Mattson, R. J. and Moon, S. L., Annu. Rep. Med. Chem., 1988, 
23, 29. 

196. Pavia, M. R., Davis, R. E, and Schwai’z, R. D., Annu. Rep. Med. 
Chem., 1990, 25, 21. 

197. Selkoe, D. J., Sci. Am., 1992, 267, 135. 

198. Se^ e.g., ref. 196, p. 26. 

199. Miranda, R. C. and Sohrabji, F., Annu. Rep. Med. Chem., 1996, 
31, 11. 

200. Flood, J. F., Morley, J. E. and Roberts, E., Proc. Natl. Acad. Sci 
USA, 1992, 89, 1567. 

201. Brennan, M., C&EN, 1996, Sept. 30, 8. 

202. Brennan, M. B., C&EN, 1997, Jan. 20, 29. 

203. It has been reasonably assumed that anti-aging also includes arrest 
of cognition decline. See, e.g., Zs.-Nagy, I., Harman, D. and 
Kitani, K. (eds), Pharmacology of Aging Processes, The New 
York Academy of Sciences, New York, 1994. 

204. Summary of some results were presented at the New Clinical Drug 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


927 



GENERAL ARTICLE 


Evaluation Unit Programme (Boca Raton, Florida, June, 1993) 
and at Annual Meeting of American Society of Pharmacognosy 
(San Diego, California, July, 1993). 

205. This has several other pharmacological and clinical implications. 
See e.g., Krogsgaard-Larsen, P. and Christensen, A. V., Anniu 
Rep. Med. Chem., 1980, 15, 41; Ref. 187; Satish, P. R. and 
Balasubramanian, A. S., Curr. Sd., 1995, 69, 336. 

206. Emson, P. C. and Sandberg, B. E. B., Annu. Rep. Med. Chem., 
1983, 18, 31. 

207. Jensen, R. T., Wank, S.A., Rowley, W. H., Sato, S. and Gardner, 
J. D., TiPS, 1989, 10, 418, 

208. Nadzan, A. M. and Kerwin, J. F., Annu. Rep. Med. Chem., 1991, 
26, 191. 

209. See e.g., Willson, T. et a!., J. Med. Chem., 1996, 39, 2655, 3030. 

210. See e.g., Garg, D. S., Agai’wal, J. P. and Garg, D. D. (eds), 
Dhanvantri, 1971, 38, 430. 

211. Misra,.R„ Cott, J., Silveiton, J., Bhat, B. and Sukh Dev, Proceedings 
of the International Research Congress on Natural Products, 35th 
Annual Meeting of the American Society of Pharmacognosy, 
Halifax, Canada, 1994. 

212. Bisset, N. G. (ed. and translator of the German edition), Herbal 
Drugs and PhytopfiarmaceiiticaJs, CRC Press, Boca Raton, 1994. 

213. Rawls, R., C&EN, 1996, Sept 23, 53. 

214. Martin, C. M., The Consultant Pharmacist, 1997, 12, 631. 

215. Tyler, V. B., Chemtech, 1997, 27, 52. 

216. Phytomedicme, 1994, 1, 173. 

217. Pharma People/Express Pharma Pulse, 1997, July 24, 6. 

218. See e.g.. The Hindustan Times, 1997, June 29, 21; E.xpre.ss Pharma 
Pulse, 1997, July 24, 11: Global, 1997, July, 46. 

219. Anon, Chemtech, 1996, 26, 17. 

220. Chemical Marketing Rep., 1987, Sept. 7, 5. 

221. Taylor, N., Plant Drugs that Changed the World, George Allen 
and Unw n, London, 1965. 

222. Lewis, W. H. and Elvin-Lewis, Medical Botany, Wiley-Interscience, 
New York, 1977. 

223. Codd, L, W. et al. (eds). Materials and Technology, Longman, 
London, vol. V, 1972, p. 707. 

224. Atal, C. K., Chemistry and Pharmacology of Vasicine-A New 
Oxytocic and Abortifacient, Regional Research Laboratory, Jammu, 
India, 1980. 

225. Choudhury, B. R. and Poddar, M. K., IRCS Med. Sci., Libr, 
Compeml, 1984, 12, 466, 

226. Choudhury, S. K., Indian J. Exp. BioL, 1978, 16, 830. 


227. Singh, K. P., J, bit, Inst. Ayurveda (Coimbatore, India), 1983, 2, 
208. 

228. Ravikumar, P. R., Soman, R., Chetty, G. L., Pandey, R. C. and 
Sukh Dev, Indian J. Chem., 1987, 26B, 1012. 

229. Joshi, J. and Sukh Dev, Indian J. Chem., 1988, 27B, 12. 

230. Singh, H. K., Rastogi, R. P., Srimal, R. C. and Dhawan, B. N., 
Phytotherapy, 1988, 2, 70. 

231. Chandra, J. S. et al., Indian J. Pharm. Sci., 1978, 40, 97, 

232. Boiteau, P, and Batsimamanga, A. R., Therapie (Paris), 1956, 11, 
125. 

233. Morisset, R. et al., Phytother. Res., 1987, 13, 117. 

234. Rastogi, R. P. and Dhawan, B. N., Indian J. Med. Res., 1982, 
76, 27. 

235. Thyagarajan, S, P., Thiruneelakantan, K., Subramanian, S. and 
Sundravelu, T., Indian J, Med. Res., 1982, 76 (suppl.), 124. 

236. Venkateswaran, P. S., Millman, I. and Blumberg, B. S., Proc. 
Natl. Acad. Sci. USA, 1987, 84, 274. 

237. Dixit, S. P. and Achar, M. P., J. Natl. Integ. Med. Assoc., 1983, 
25, 269. 

238. Thyagarajan, R., Uma, R., Ramanathan, C. P. and Ganapathiraman, 
K., J. Res. Indian Med. Yoga and Homoepathy, 1977, 12, 1. 

239. Singh, B, and Rastogi, R. P., Indian J. Chem., 1972, 10, 29. 

240. Pandey, V. N. and Chaturvedi, G. N., J. Res. Indian Med., 1970, 
5, 11. 

241. KIoss, P. and Schwabe, Ger. Patent, 2 203 8 84, 1973. 

242. Ansari, R. A. et al., Indian J. Med. Res., 1988, 87, 401. 

243. Sharma, P. V., Dravyaguna Vignana, Choukhamba Bhaiti Academy, 
Varanasi, India, 1986, vol. II. 

244. Goyal, H. S., Sukumar and Purushotaman, K. K., J. Res. Ayur. 
Siddha, 1981, 2, 286. 

245. Sharma, K. D., Kapoor, M. L., Vaidya, S. P. and Sharma, L. K., 
J. Res. Ayur. Siddha, 1981, 2, 309. 


ACKNOWLEDGEMENTS. The research component of this article is 
the result of several collaborations and I would like to gratefully 
acknowledge these. Chemistry: U. R. Nayak, V. D. Patil, A. G, Bajaj 
(all Commiphora mukiil); R. Srivastava (Wirhania somnifera)', B. Bhatt 
(Tenninalia bellerica). Biology: Dr Nitya Nand, Dr S. Nityanand and 
their colleagues (CDRI, Lucknow), lipid lowering', Dr I. Kawada 
(Takasago Research Institute, Tokyo), Dr K. Jeevaratnam (DRDE, 
Gwalior), enzyme inhibition-, Dr R. Misra, Dr J. Cott (NIA, NIH, 
Baltimore, USA), receptor binding. 


928 


CURRENT SCIENCE, VOL, 73, NO. 11, 10 DECEMBER 1997 


SPEQAL SECTION; MODELLING IN BIOLOGY 


Forays into theoretical immunology 
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Surveyed here are the author’s contributions to theo¬ 
retical immunology. Topics include the use of quasi¬ 
steady state assumptions, the shape space formulation 
of immune networks, an approach via ‘reverse engi¬ 
neering’ to T cell vaccination against autoimmune 
disease, models for allergy and for rashes. The con¬ 
cluding section deals with work in progress on how 
\ the immune system can integrate information from 
] various sensors in order to choose from among its 
variegated effector arms the most appropriate for 
combating a particular pathogen. It is pointed out that 
the immune system can serve as a paradigmatic 
example of distributed autonomous systems. 


Biology has become a leading area of interest for applied 
I mathematicians (like myself). In more traditional areas 
such as fluid and solid mechanics, most of the research 
consists of grappling with difficult mathematical prob¬ 
lems. The relevant equations in biological applications 
i are often no less difficult to solve, but frequently the 
investigator must also formulate the required equations 
in order to attempt a description of an essence of a 
! biological phenomenon. The challenge of formulation 
was a special attraction for me when I switched almost 
30 years ago from fluid mechanics into biology. 

Immunology has fascinated me increasingly over the 
i past decade. Here is a field of enormous scientific and 

) medical interest. Its complexity seems to demand mathe- 

! matical modelling (although the molecular biologists 

require much convincing). This paper reviews some 
aspects of theoretical immunology. Both immunological 
and applied mathematical issues will be mentioned, 
hopefully in a way that experts in only one field can 
; glide over discussions of the other. The number of 

f theoreticians in immunology is not large, but contribu¬ 

tions range over so many aspects of the field that it 
seems legitimate to concentrate on a personal view in 
attempting to give some idea of what these theoreticians 
are up to. See the section on Immunology and Virology 
in ref. 1 to supplement this presentation by a survey of 
cuiTent issues and achievements in theoretical immunology. 

Quasi-steady state assumptions in immunology 

' My initial immunological paper" was a technical one. 

^ The paper concerns the classical Jerne plaque assay for 

antibody, still a feature of textbooks after a quarter ot 
a century^. As several others had shown earlier, con¬ 
siderable quantitative information could be obtained about 
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the assay by analysing a pair of nonlinear equations, 
one partial differential equation describing the diffusion 
and reaction of the antibody (a chemical secreted by 
cells of the immune system) together with an ordinary 
differential equation for the concentration of fixed sites 
to which the antibody molecule binds. Our principle 
contribution was a formal demonstration that binding 
can be regarded as in a ‘quasi-steady state’ since the 
concentration of sites is typically small compared to the 
dissociation constant of the binding reaction. If a variable 
is in quasi-steady state (physicists often term such 
variables ‘adiabatic’), the differential equation for the 
time variation of that variable can be approximated by 
ignoring the time-derivative term, thereby greatly sim¬ 
plifying the analysis. Such a simplification yields, for 
example, the classical Michaelis-Menten approximation 
in enzyme kinetics'^*^. Our contributions to the study of 
quasi-steady state approximations typically invoke the 
art of scaling^ to determine conditions on the parameters 
that permit such approximations. 

As my collaborators and I later showed in other 
examples, quasi-steady state assumptions are very preva¬ 
lent in immunology. The underlying reason in most 
instances is the fact that the various chemical reactions 
that form the heart of immune response occur on a 
much shorter time scale than other actions of the immune 
system^ It is remarkable that sometimes a trivial change 
of variables significantly widens the parameter domain 
in which a quasi-steady state assumption can be made”. 

Shape space 

Nobel laureate N. Jerne made a marked impact on the 
immunological community with his comparison of the 
manifold interactions among elements of the immune 
system with what seem to be comparable interactions 
among neurons^ The strength of immune interactions 
depends upon the strength of chemical binding between 
molecules such as the antibody molecules that attack 
invading antigens (e.g. bacteria and viruses) or between 
hormone-like signalling molecules (cytokines) and their 
receptors. Edelstein and Rosen^^^ abstractly, and Perelson 
and Oster“ far more concretely, had represented the 
interacting molecules as points in a ‘shape space . I 
and Perelson were the first to formulate interactions in 
shape space as a dynamical system. The initial very 
highly simplified model was centered on a single 
integro-differential equation for a one-dimensional shape 
space. Nonetheless, certain general issues could be 
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illustrated such as the necessity for the immune system 
to tread a narrow line between stability and control¬ 
lability in particular for ‘memory cells’Shape space' 
is ideal for examining effects of ‘cross-reactivity’, the 
fact that a given molecule can bind to a range of other 
molecules, with a corresponding range of binding af¬ 
finities^"^. Just as they do in ordinary space, interactions 
in shape space tend to form patterns of intensity^^. In 
contrast with ordinary patterns, which typically rely on 
short range activating influences and long range inhibi¬ 
tors, shape space patterns can occur even when inhibition 
is relatively short range‘^. It is of interest that somewhat 
related ‘shape spaces’ have found application in mor¬ 
phometries^^ and the theory of visional 

Theorists love the intricacies of immune network 
theory, whether the approach is via shape, space or 
alternative formulations^'^. Yet, for a variety of reasons, 
most experimentalists are disenchanted. A colourful ex¬ 
pression of this attitude appears in an article entitled 
‘The complete idiotype network is an absurd immune 
system’^^^ Although the claim of absurdity can be 
formally refuted'^, suspicion remains. Nonetheless, 
experimental evidence is accumulating that a network 
of self-reacting antibody secreting cells is found in 
normal individuals”^'^^. From a theoretical point of view, 
especially relevant here is the approach to networks of 
Coutinho, Stewart and Varela-see for example ref. 23. 

Autoimmunity and reverse engineering 

Modellers are confronted with awesome complexity when 
they attempt to abstract essential features of a pheno¬ 
menon in immunology. The same problem is faced by 
modellers of other complex systems. In an attempt to 
find a way to help deal with this problem, we attacked 
phenomenology of autoimmune diseases via a method 
that we termed ‘reverse engineering’ 

Of particular interest to us was the use of ‘T cell 
vaccination’ to combat autoimmune diseases, wherein 
the immune system goes awry and attacks the body’s 
own cells. The relevant experiments concern mice and 
rats which sometimes can be induced to exhibit diseases 
that are close in symptoms and cause to human diseases, 
for example to multiple sclerosis (MS). By inoculation 
of suitable doses of ‘bad guy’ T cells (a type of 
immune cell) the mouse model here can be driven into 
an MS-like disease called EAE. Smaller doses do not 
induce disease. In fact the animals are vaccinated, in 
the sense that if a smaller dose is later followed by 
the standard disease-giving dose nonetheless no disease 
develops. 

Systems of differential equations often exhibit multiple 
stable steady states, each with its own ‘domain of 
attraction’. A system that starts in a steady state will 
remain in that state forever. If the initial conditions are 
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within the domain of attraction of a stable steady state 
then as time goes on the system approaches closer and 
closer to the steady state in question. 

Deliberately ignoring almost all biological details, 
Jaeger and I attempted to construct the simplest possible 
mathematical model that would exhibit the observed 
phenomenology. This we did by exhibiting a variety 
of differential equation pairs, all of which had three 
stable steady states that we could identify with the 
‘normal’, ‘vaccinated’ and ‘diseased’ states of the mouse. 
One of the differential equations described the population 
dynamics of the ‘bad guy’ cells, and one described a 
‘good guy’ cell population that regulates the proliferation 
of the ‘bad guys’. Moreover, the ‘bad guys’ influence 
the proliferation of the ‘good guys’. 

Modellers derive satisfaction from constructing equa¬ 
tions whose solutions reproduce some complex phe¬ 
nomenology, but biologists do not regard this as a 
meaningful achievement. What gives our work biological 
significance is the fact that the models have a life of 
their own, and thus predict more phenomena than they 
are set up to reproduce. In particular, a number of 
versions of the present model predicted that although a 
high dose of ‘bad guys’ give disease, an even higher 
dose might lead to vaccination. Our biological colleagues 
found this prediction simultaneously counterintuitive and 
attractive (since such a general model produced the pre¬ 
diction). They performed the relevant experiments — and 
verified the predictions"^. See Figure 1. 

From the point of view of general scientific methodology, 
what is significant here is its illustration of an important 
role of theory in biology-not predicting a measurement 
to many decimal places, as often happens in physics, but 
spurring experiments by novel conceptualization. 

In another application of ‘reverse engineering’ to T 
cell vaccination^^, models reproducing the phenomeno¬ 
logy were constructed wherein ‘disease’ was a transient, 
not a steady state (as is in fact the case in EAE but 
not in autoimmune diabetes for example). In spite of a 
certain success with the reverse engineering approach, 
however, it must not be thought that this is the preferred 
approach to modelling complex systems. Reverse engi¬ 
neering is just one weapon in the theoretician’s armory. 
There is no substitute for close examination of the 
experimental findings and subsequent construction of 
models that are firmly based on these findings, (Even 
here, use of reverse engineering reminds the modeller 
that reproduction of considerable phenomenology is no 
guarantee that a detailed model is correct - different 
details may lead to the same set of predictions.) In 
particular, Borghans and de Boer"^ and Jaeger and Segel"^ 
have constructed rather different fairly detailed 
models that both yield similar mathematical structures 
(i.e. similar phase planes) and hence the same overall 
predictions as the reverse engineering models for T cell 
vaccination. 
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Figure 1. Phase portrait for a ‘reverse engineering’ model of T-cell 
vaccination. E and R represent populations of effector and regulator 
cells. The points labelled N, V and D represent ‘normal’, ‘vaccinated’ 
and ‘diseased’ stable steady states of the system, with respective 
domains of attraction hatched, clear, and dotted. Heavy lines delineate 
trajectories, the paths over which the system develops with time from 
a variety of initial points, (i) A sufficiently large addition of effectors 
E to the normal state leads to disease, (ii) A smaller effector dose 
leads to the vaccinated state, (iii) When the standard disease-giving 
dose is given to a vaccinated animal, no disease results and the system 
returns to the vaccinated state, (iv) Surprisingly, a very large dose of 
effectors, leads to the vaccinated state, (v) An even larger dose leads 
to the normal state. A very small dose of effectors gives a state of 
the system that is within the domain of attraction of the normal state 
and thus leads to a return to that state (not shown). Inset: Experimental 
results for autoimmune diabetes in female nonobese diabetic mice. 
Disease (hyperglycemia) is monitored one week after injection of the 
diabetogenic C9 clone (number in parenthesis indicates the'number of 
mice used to obtain an experimental point). The major predictions of 
the model are verified, notably"*. 

Equations used for the model: 


dE 

dr 


= 0,01 + E 


.5 - 0.5E + 


IQQE^ ' 
25 + E"* 


^ = 0.01 + E (- 0 .\R + 0.02E3 - 0.33E2 + 1.3E+ 1). 
dr 


[Figure 1, reproduced by permission, is a composite of two figures 
from ref. 25 - which should be consulted for fuller explanations of 
the theory and the experiments.] 


Other models for disease 

The attack of the immune system on pathogens sometimes 
leaves traces that are visible in the skin-rashes. The 
form of these rashes serves dermatologists as a primary 
diagnostic tool. Yet, often very little is known why a 
given disease leads to a characteristic form of rash. In 
a paper with the double-edged title ‘Rash theory’a 
small start has been made in correlating immune activity 
with pattern formation. 

A paper by Fishman and SegeP*’ appears to be the 
first to model aspects of allergy, over-response of the 
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immune system to foreign substances. In particular, this 
paper offers explanations for the facts that the standard 
immunotherapy treatment for allergy often fails, while 
treatment takes many months when it succeeds^^ 


Effector selection 

In its fight against invading pathogens, the immune 
system can call upon a wide variety of weapons. Antibody 
molecules of tens of millions of different shapes and 
of several different varieties (isotypes) can lead to the 
destruction of pathogens by various means, or to the 
blocking of their invasion into.cells. Other ‘complement’ 
molecules can kill cells by forming holes in them. 
Cytotoxic T cells, again of myriad specificities, can kill 
pathogen-ridden cells. Macrophages and natural killers 
are among the cells of the innate immune system that 
also play major direct roles in destroying pathogens. 

How does the immune system select the right com¬ 
bination of effector cells and molecules to combat attacks 
by a wide variety of pathogens to which the body is 
exposed, each pathogen with its own molecular make-up 
and its own life style? This question is especially acute in 
view of the ability of rapidly-reproducing pathogens to 
mutate even during the course of a single episode of disease. 

I have put forth the idea that a key element in effector 
selection is ‘pathogen destruction feedback’, wherein 
evidence of pathogen destruction fosters the proliferation, 
activation, and suitable migration of immune cells that 
are effective in ridding the body of the pathogen in 
question, and to suppression of ineffective cells. Physical 
scientists generally find this idea almost obviously rele¬ 
vant, but many immunologists are skeptical for they 
have had so much success in identifying various mole¬ 
cules that guide immune responses. I argue that overall 
efficiency principles must organize the molecular 
machinery. Although an entirely preprogrammed response 
can in principle deal with situations of arbitrarily great 
complexity, yet such a rigid system is inefficient and 
prone to error. After all, feedbacks are ubiquitous in 
biochemistry and physiology. If feedback is needed to 
coordinate an organism’s own metabolism, how much 
more must it be necessary to coordinate a no less 
complicated system designed to counter enemies. 

In as yet unpublished work general assertions on 
the importance of feedback have been backed by 
identification of possible molecular participants in the 
feedback process. Evidence has been given that a variety 
of responses are initially attempted, so that the more 
effective of these responses can be selected after their 
efficacy has been tested ‘in the field’. An important 
proposal is that spatial dispersion of effector types can 
permit selection among a number of different possible 
effectors by means of a single locally-provided signal 
of successful pathogen killing. 
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It is not only evidence for pathogen killing that should 
be monitored. Other variables should enter such as the 
extent of damage to the host by operation of the immune 
system; such damage should tend to damp the immune 
response. Host damage by pathogens, in contrast, should 
enhance the response to that pathogen -- all other things 
being equal. (The importance of selecting just a few 
microorganisms for attack stems from the fact^^ that 
‘although we are prey to a small number of pathogenic 
microorganisms, we are hosts to countless commensal 
bacteria, fungi, protozoans, and minute insect species’.) 
I have proposals on how to combine all the various 
often-conflicting desiderata to improve immune perform¬ 
ance, even though there is no overall performance meas¬ 
ure that is to be optimized. 

The immune system and artificial intelligence 

It has become increasingly evident that ideas for 
improving the performance of the immune system are 
relevant to the fields of bottom-up artificial intelligence 
and of autonomous decentralized systems. Cells of the 
immune system can profitably be regarded as billions 
of little robots, each of moderate complexity, which 
somehow are organized in a totally decentralized fashion 
to perform a variety of sophisticated tasks. It is fasci¬ 
nating to compare and contrast the operation of the 
immune system to examples such as the low level ‘clean 
up crew’ robots of Mataric^^ or to the scout and effector 
‘codelet’ agents in the high level Copycat model of 
mental fluidity and analogy-making of Hofstadter and 
MitcheP^ 

Although the major biological ideas concerning 
immune feedback are unpublished, a recent article^^ 
outlines some of these ideas and sketches a few of their 
implications' for distributed autonomous systems. 

Conclusion 

The time scales in the immune system run from milli¬ 
seconds (chemical reactions) to decades (immune cell 
memory) and millennia (evolution). Immunity combats 
myriad rapidly evolving pathogens. An enormous amount 
of information is available concerning the operation of 
the immune system but there lacks sufficient integration 
of this information into an overall picture. Understanding 
offers pay offs not only in biology but also in medicine. 
Thus immunology offers exciting challenges to the theo¬ 
rist who is willing to struggle with learning and organi¬ 
zing the facts, to formulate useful models, and to 
communicate results to the experimental biologists. 
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The usefulness of theoretical models for the study of 
biological rhythms is illustrated by considering several 
examples of oscillations resulting from different modes 
of cellular regulation. Considered in turn are oscilla¬ 
tions resulting from the regulation of enzyme activity, 
receptor function, transport, and gene expression. The 
generation of rhythmic behaviour by these various 
types of regulation is exemplified, respectively, by 
glycolytic oscillations in yeast cells, the periodic syn¬ 
thesis of cyclic AMP in Dictyostelium amoebae, intra¬ 
cellular calcium oscillations, and circadian rhythms in 
Drosophila. 


Oscillatory phenomena have been observed and studied 
theoretically in chemical systemsbut appear to be 
particularly widespread in biological systems^. The use¬ 
fulness of mathematical models in theoretical biology 
is well illustrated by the study of oscillatory phenomena 
in biological systems. The purpose of this paper is to 
show how different modes of cellular regulation are 
capable of giving rise to sustained oscillatory behaviour. 
After a brief presentation of biological rhythms and 
their molecular mechanisms, considered in turn will be 
examples of oscillations resulting from the regulation 
of enzymatic activity, receptor function, transport, and 
gene expression. Theoretical models based on experi¬ 
mental observations will thus be described for glycolytic 
oscillations in yeast cells, the periodic synthesis of cyclic 
AMP in Dictyostelium amoebae, intracellular calcium 
oscillations, and circadian rhythms in Drosophila. The 
theoretical approach throws light on the properties shared 
by these various rhythms characterized by widely dif¬ 
ferent periods. 


The molecular mechanism of biological rhythms 

A nonexhaustive list of the main biological rhythms is 
given in Table 1, where the various rhythms are classified 
according to their increasing period^. The sign * means 
that the rhythm can be observed at the level of an 
isolated cell; this does not exclude the possibility 
that the rhythm may originate from interactions 
between different cells, as occurs, for example, in a 
network of neurons coupled by activating or inhibitory 
interactions. 

The most rapid rhythms are those observed in neurons, 
with periods ranging from 10"^ to 10 s (ref. 4). The 
generation of trains of periodic action potentials is well 
understood: the phenomenon results from the interactions 
between several voltage-dependent ionic conductances. 
Neurons, as well as muscle (among which cardiac) cells, 
are electrically excitable: an action potential is generated 
when a suprathreshold depolaiizing stimulus causes the 
membrane potential to abruptly change its polarity before 
returning to its stable, resting value. In certain conditions, 
e.g. in the presence of a constant depolarizing current, 
such an excitability transforms into the generation of 
repetitive action potentials at regular intervals. These 
oscillations of the membrane potential appear to play a 
key role in the functioning of the brain, e.g. in the 
processing of sensory information. From a theoretical 
point of view, neural rhythms can be described in 
terms of equations of the Hodgkin-Huxley type, first 
used to account for the electrical excitability of the 
squid giant axon in terms of the sodium and potassium 
conductances. 

The cardiac rhythm originates from the autonomous 


Table 1. Main biological rhythms. The sign indicates that the rhythm 
can (already) be observed at the cellular level 


Period 

Neural rhythms* 

0.01 to 10 s (and more?) 

Cardiac rhythm* 

1 s 

Calcium oscillations* 

1 s to min 

Biochemical oscillations* 

1 min to 20 min 

Mitotic cycle* 

10 min to 24 h or more 

Hormonal rhythms* 

10 min to 5 h (also 24 h) 

Circadian rhythms* 

24 h 

Ovarian cycle 

28 days (human) 

Annual rhythms 

1 year 

Epidemics and ecological oscillations 

years 
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periodic electrical activity of specialized tissues of the 
heart, such as the sinus or the auriculo-ventricular nodes. 
At the cellular level, the mechanisms of oscillatory 
behaviour are largely similar to those underlying neuronal 
oscillations. 

Besides these oscillations of electrical origin, other 
rhythms originate from the various modes of cellular 
regulation. Thus, several examples of oscillatory enzyme 
reactions are known, with a period of the order of a 
few minutes^’^. The mitotic oscillator which controls the 
eukaryotic cell division cycle is an important example 
of biochemical oscillator involving a cascade of 
enzymatic reactions regulated by phosphorylation- 
dephosphorylation, which culminates in the periodic 
activation of the protein kinase cdc2. The period of the 
mitotic oscillator varies from several minutes in some 
embryonic cells up to 24 h or more in somatic cells^. 
Theoretical models for the mitotic control system have 
been proposed (see ref. 3 for review). 

Oscillations of intracellular calcium of a period ranging 
from seconds to minutes have been observed since 1985 
in a large variety of cell types^ Besides oscillations of 
this intracellular messenger, oscillations of intercellular 
messengers are known, such as the periodic synthesis 
of cyclic AMP in Dictyostelium amoebae'^ or the pulsatile 
secretion of a large number of hormones, with periods 
ranging from some 10 min for insulin, up to 3 h for 
the growth normone. 

Circadian rhythms, which have a period of about 24 h, 
are observed in nearly all living organisms, including 
some bacterial species. Significant experimental advances 
have been made in recent years as to the molecular 
mechanisms of these rhythms, particularly in organisms 
such as Drosophila^^\ 

Other rhythms possess a supracellular mechanism 
involving regulatory interactions between different 
organs, as is the case for the ovarian cycle which has a 
period of about 28 days in the human female, or between 
different animal species. Predator-prey oscillations 
represent the first periodic phenomenon that has been 
studied in a theoretical manner by means of mathematical 
models, in the first quarter of this century. The study 
of these oscillations remains a classical problem in 
theoretical ecology. A particular case is that of epidemics 
which recur periodically, owing to the interactions 
between an infectious agent and a population of sus¬ 
ceptible hosts which develop an immune response of 
variable duration against the pathological agent. 

Returning to biochemical rhythms of a nonelectrical 
nature, we will examine by means of a few selected 
examples how oscillations originate from the different 
modes of cellular regulation. We shall also mention the 
conditions in which simple periodic behaviour gives 
rise to more complex oscillatory phenomena, including 
chaos. 
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Cellular regulations and biological rhythms 

The appropriate spatio-temporal coordination of thou¬ 
sands of biochemical reactions requires the operation of 
multiple modes of cellular regulation exerted on the 
activity of enzymes, the functioning of receptors and 
transport processes, and gene expression associated 
with the synthesis of particular proteins. Each of these 
types of cellular regulation can give rise to rhythmic 
behaviour. 

Enzymatic regulation: Glycolytic oscillations 

Glycolysis is an important metabolic pathway, the func¬ 
tion of which is to synthesize ATP upon degradation 
of a sugar such as glucose. It is known for four decades 
that upon addition of glucose, damped oscillations of 
NADH (a glycolytic intermediate whose fluorescence 
can be recorded in a continuous manner) occur in a 
yeast cell suspension. Experiments carried out in yeast 
extracts later showed that these oscillations become 
sustained when a glycolytic substrate such as glucose 
or fructose is injected at a constant rate. Glycolytic 
oscillations remain the prototype of periodic behaviour 
due to the regulation of enzyme activity^ 

The period of the phenomenon decreases from about 
8 to 3 min when the substrate input rate increases. 
Moreover, sustained oscillations occur in a window 
bounded by two critical values of this control parameter: 
below 20 mM/h and above 160 mM/h, the system evolves 
towards a stable steady state. 

Glycolysis consists of a chain of enzymatic reactions 
leading from hexokinase to phosphofructokinase (PFK), 
then to other reactions eventually producing, in yeast, 
ethanol and CO 2 . Very early on, experiments showed 
that PFK plays a primary role in the generation of 
glycolytic oscillations (see refs 3, 5, 6 for review). The 
latter indeed disappear as soon as an intermediate 
following the step catalysed by PFK (e.g. fructose 1,6- 
bisphosphate) is used as glycolytic substrate. 

What are the particular properties of PFK which enable 
this enzyme to generate (in conjunction with a source 
and a sink) metabolic oscillations? While negative feed¬ 
back processes are by far the most common in enzymatic 
regulation, PFK is subject to positive feedback regulation 
by a reaction product, ADP, and by AMP produced 
from ADP. The PFK reaction is therefore autocatalytic 
since the rate of the reaction increases as the product 
concentration rises. In addition to the nonlinearity 
associated with this positive feedback process, the PFK 
kinetics possesses a sigmoidal character due to the 
allosteric nature of the enzyme: PFK contains several 
subunits which exist in two conformational states dif¬ 
fering by the affinity for the substrate and/or the catalytic 
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activity. A phenomenon of cooperativity characterizes the 
transition from the less active T to the more active R 
conformation; this transition is either concerted or sequen¬ 
tial. Binding of the product to a regulatory site induces 
the transition from the T to the R state of the enzyme. 

The analysis of a mathematical model for a reaction 
catalysed by an allosteric enzyme activated by its reaction 
product (schematized in Figure 1 a) allows one to better 
comprehend the mechanism of glycolytic oscillations 
generated by PFK^’^ The model is described by a system 
of two ordinary differential equations, the nonlinearity 
of which results from the positive feedback exerted by 
the reaction product and from the cooperativity of the 
enzyme. The two variables considered are the substrate 
and product concentrations. The main control parameters 
are the substrate injection rate, v, and parameters linked 
to the enzyme, such as its concentration, its maximum 
rate, and the allosteric constant that measures the ratio 
of enzyme in the T and R states in the absence of 
ligand. 


a 


^ Substrate - 


The study of the dynamic behaviour of the model 
shows that below a critical value of v and above a 
second, higher critical value of this parameter, the system 
evolves towards a stable steady state. In agreement with 
experimental observations, sustained oscillations of the 
substrate and product concentrations occur in the 
window bounded by the two critical values of v. In 
the phase plane where the concentration of substrate 
is plotted versus that of the product, these oscilla¬ 
tions correspond to the evolution towards a closed curve, 
the limit cycle, surrounding the unstable steady state. 
Here, the limit cycle is unique and can be reached 
regardless of initial conditions. This ensures the stability 
of this type of periodic behaviour in regard to fluctua¬ 
tions. 

The model yields the following description of the 
oscillatory mechanism in terms of molecular events: 
starting from a low level of product, the enzyme is 
predominantly in the less active state, T\ the substrate 
accumulates at a constant rate v and is slowly transformed 
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Figure 1. Regulatory mechanisms generating oscillatory behaviour, a, The activation of 
the allosteric enzyme phosphofructokinase (PFK) by a reaction product gives rise to glycolytic 
oscillations, b. The mechanism of periodic synthesis of cAMP in the slime mould Dictyostelium 
discoideum involves the activation of adenylate cyclase following the binding of extracellular 
cAMP to its membrane receptor as well as receptor desensitization, and cAMP hydrolysis 
by phosphodiesterase (PDE). c. Calcium-induced calcium release (CICR) is at the heart of 
the mechanism of intracellular calcium oscillations triggered in a variety of cells by an 
external stimulus. 
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by the small amount of enzyme in the R conformation. 
The product concentration progressively rises until it 
reaches the threshold level beyond which it triggers the 
cooperative transition of the enzyme subunits from the 
T to the more active R conformation. The positive 
feedback loop gives rise to an abrupt peak in the 
synthesis of product; the latter eventually begins to 
decrease, however, owing to two concomitant processes. 
First, the product is itself consumed in a sink reaction 
without which oscillations would not occur. Second, the 
substrate is consumed upon its transformation into 
reaction product; the drop in substrate is followed by a 
drop in product synthesis. The enzyme then returns to its 
less active T state. A new cycle of the oscillations begins 
when the substrate resumes its accumulation, as soon as 
the substrate input v exceeds the rate of substrate trans¬ 
formation by the enzyme in its less active conformation. 

Whereas simple periodic behaviour of the limit cycle 
type is the only one that can be observed in this model, 
more complex oscillatory phenomena occur as soon as 
two instability-generating mechanisms interact within the 
same system^ Thus, when two autocatalytic enzymatic 
reactions are coupled in series, the variety of modes of 
dynamic behaviour in such a three-variable system is 
greatly increased^*. Depending on the values of a single 
control parameter, we can observe simple periodic 
oscillations, the coexistence between two regimes of 
stable peril die oscillations of the limit cycle type, and 
aperiodic oscillations in the form of chaos. The latter 
oscillations correspond to the evolution towai'ds a strange 
attractor in the phase space: the oscillatory system 
remains confined in a given region of the phase space 
without ever passing again through any point of the 
trajectory, as would occur in the case of a limit cycle. 

The coexistence between two stable limit cycles 
illustrates well the interest of a theoretical approach to 
biological rhythms. This phenomenon, referred to as 
birhythmicity^\ was predicted theoretically before being 
observed experimentally in a system of coupled oscil¬ 
latory chemical reactionsBirhythmicity has not yet 
been observed experimentally in biological systems, in 
contrast to the coexistence between two stable steady 
states, known as bistability, for which numerous experi¬ 
mental examples are known in chemistry and biology. 

While three variables at least are needed to obtain 
chaos, birhythmicity can already be observed in a two- 
variable system, as jn the two-variable model of an 
autocatalytic enzyme' reaction proposed for glycolytic 
oscillations, when this model is extended to take into 
account a nonlinear recycling of product into substrate^ 

Receptor regulation: Oscillations of cyclic AMP 
in Dictyostelium amoebae 

The generation of periodic signals of cyclic AMP (cAMP) 
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in the amoebae Dictyostelium discoideum represents a 
model of choice for pulsatile intercellular communication 
in higher organisms. Following starvation, these amoebae 
collect around aggregation centers by a chemotactic 
response to cAMP signals emitted by the centers with 
a periodicity of about 5 min. On agar, the amoebae 
aggregate around the centers by forming concentric or 
spiral waves. Experiments in stirred cell suspensions 
confirm the periodic nature of cAMP synthesis in this 
slime mould^. 

The mechanism responsible for the pulsatile generation 
of cAMP signals again involves a positive feedback 
loop: extracellular cAMP binds to a cell surface receptor 
and thereby activates the enzyme adenylate cyclase which 
catalyses the synthesis of cAMP from ATP. Intracellular 
cAMP thus produced is secreted into the extracellular 
medium where it can bind again to the receptor. This 
mechanism of self-amplification would lead to a bio¬ 
chemical ‘explosion’ were it not for limiting factors that 
counteract the effect of autocatalysis. In the case of 
glycolytic oscillations, substrate consumption plays such 
a limiting role. In Dictyostelium, receptor regulation is 
the process that limits the self-amplification in cAMP 
synthesis. As soon as cAMP binds to the active form 
of the receptor, the latter is phosphorylated. This 
reversible phosphorylation accompanies the transition of 
the receptor into a desensitized state unable to elicit 
the activation of adenylate cyclase. Experiments indicate 
that cAMP oscillations are accompanied by a periodic 
alternance of the receptor between the active (non- 
phosphorylated) and desensitized (phosphorylated) 
states^l 

The analysis of a mathematical model based on 
self-amplification in cAMP synthesis and on the rever¬ 
sible desensitization of the cAMP receptor (see scheme 
in Figure 1 b) allows one to determine the conditions 
in which this system of intercellular communication 
operates in a periodic manner^''"^. The model, described 
by a system of three nonlinear kinetic equations, gives 
rise to sustained oscillations in the concentrations of 
intracellular and extracellular cAMP, and in the fraction 
of active, nonphosphorylated receptor. 

This model not only accounts for the periodic nature 
of cAMP synthesis but also provides an explanation for 
the onset of cAMP oscillations in the course of 
Dictyostelium development. Soon after starvation, 
amoebae are not capable of amplifying cAMP signals; 
after a few hours, amoebae begin to relay these signals 
by amplifying them in a pulsatile manner. Still a few 
hours later, the amoebae acquire the capability of gen¬ 
erating pulsatile cAMP signals in a periodic, autonomous 
manner. The theoretical model shows that these deve¬ 
lopmental transitions no relay-relay-oscillations corres¬ 
pond to transitions between different modes of dynamic 
behaviour resulting from the continuous increase in the 
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control parameters measuring the activity of adenylate 
cyclase and phosphodiesterase, the enzymes that synthe¬ 
size and degrade cAMP, respectively. The cells would 
thus follow a developmental path in this parameter 
space; cells most advanced on such a path would be 
the first to enter the oscillatory domain and would 
become aggregation centers capable of releasing auto¬ 
nomously periodic signals of cAMP. This explanation 
bears, more generally, on the ontogenesis of biological 
rhythms, as it shows how the continous variation of 
biochemical parameters or ionic conductances can lead 
to the passage through a bifurcation point corresponding 
to the onset of periodic behaviour in the course of 
development. 

The cAMP signalling system in Dictyostelium can 
also serve as model for intercellular communications of 
a pulsatile nature. Thus, most hormones are secreted 
not constantly but rather in a pulsatile manner, with a 
periodicity ranging from about 10 min up to several 
hours; such oscillations of relatively high frequency are 
often superimposed on a slower, circadian variation. The 
prototype of pulsatile hormone secretion is that of GnRH 
(also referred to as LHRH). This decapeptide hormone, 
secreted by the hypothalamus with a periodicity of 1 h in 
the rhesus monkey and in man, induces the secretion by 
the pituitary of the gonadotropic hormones LH and FSH. 

In Dictyostelium, the signals of cAMP are encoded 
in terms of their frequency: while signals emitted every 
5 min induce cell aggregation and differentiation, constant 
signals or cAMP pulses emitted every 2 min fail to 
have such physiological effects. The model shows that 
if the receptor has enough time to resensitize when the 
interval separating two pulses is of 5 min, it cannot 
resensitize sufficiently when the interval is of 2 min 
only, or when the signal is applied in a continuous 
manner^ Similarly, the studies carried out by the group 
of E. Knobil have shown that the frequency of GnRH 
secretion governs the physiological efficacy of the hor¬ 
mone: while a GnRH signal emitted once an hour 
induces the normal levels of LH and FSH required for 
ovulation, signals of a periodicity of 30 min or 2 h, as 
well as constant GnRH signals, remain ineffective. This 
observation led Knobil to conclude that the temporal profile 
of the hormone is as important, if not more, than its 
concentration in the blood. Such results have led to clinical 
applications. Thus, certain women suffering from troubles 
of GnRH secretion are sterile because of impaired ovulation. 
Implanting these patients with pumps releasing GnRH at 
the physiological frequency restores the levels of gonadot¬ 
ropic hormones required for inducing ovulation. 

Transport regulation: Oscillations of 
intracellular calcium 

Among cellular rhythms discovered in recent years, few 
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are as important and widespread as calcium oscillations®. 
These oscillations were first demonstrated in 1985 in 
mouse eggs upon fertilization, and were since observed 
in a large variety of cell types (hepatocytes, cardiac or 
pancreatic cells, pituitary gonadotrophs,...), following 
stimulation by a hormone or a neurotransmitter. In the 
fertilized egg, oscillations appear to be triggered by a 
protein, oscillin, secreted by the spermatozoon upon 
fusion with the oocyte. In view of their ubiquity and 
of the role of calcium as intracellular messenger, these 
oscillations represent one of the most significant 
advances over the last decade in the field of cellular 
signalling. 

The molecular mechanism of the oscillations relies 
on the transport of calcium from intracellular stores - the 
endoplasmic reticulum, or the sarcoplasmic reticulum in 
muscle and cardiac cells-into the cytosol. When a cell 
is stimulated by a hormone, the binding of this ligand 
to its receptor elicits the synthesis of an intracellular 
messenger, inositol 1,4,5-trisphosphate (IP3), which trig¬ 
gers the release of calcium from the intracellular stores; 
cytosolic calcium is then pumped back into the stores. 
Hormonal stimulation thus triggers a transient increase 
in cytosolic calcium concentration. 

The fact that the response to hormonal stimulation 
often takes the form of sustained calcium oscillations 
is due to the regulation of calcium transport known as 
calcium-induced calcium release (CICR): cytosolic cal¬ 
cium activates the release of calcium from the intra¬ 
cellular stores (Figure 1 c). This regulation also represents 
an example of receptor regulation, since the IP 3 receptor 
serves as channel allowing the efflux of calcium from 
the endoplasmic reticulum. 

The analysis of theoretical models based on CICR 
again shows how this nonlinear regulatory process gives 
rise to an instability of the steady state, associated with 
the evolution to sustained oscillations, for appropriate 
values of the control parameters^’^^’^^. The simplest model 
based on CICR contains two variables, namely the 
concentrations of cytosolic and intravesicular calcium. 
This model accounts for the effect of a progressive 
increase in extracellular stimulation: below a critical 
value of the external signal (hormone or neurotrans¬ 
mitter), cytosolic calcium reaches a low steady state 
level. In a window bounded by two critical values of 
the external stimulus, oscillations occur with a frequency 
that increases with the level of stimulation. Above the 
higher critical stimulus value, cytosolic calcium reaches 
a high steady state level. 

Genetic regulation: Circadian rhythms in Drosophila 

The origin of circadian rhythms represents a long-stand¬ 
ing puzzle in chronobiology. These rhythms, which have 
a period close to 24 h, are encountered in nearly all 
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living organisms, including some bacterial species, and 
possess an important physiological function in allowing 
the organism to adapt to its periodically changing 
environment. In humans, many functions vary in a 
circadian manner, as illustrated for example by the 
sleep-wake cycle and by nutrition. In view of the 
circadian variation of a large number of hormones and 
enzymatic activities, the response of the organism to 
some drugs may also vary according to the time of the 
day; this observation sets the biochemical foundations 
for the rapidly growing field of chronopharmacology. 

Like the other oscillatory phenomena mentioned above, 
circadian rhythms are endogenous, i.e. they originate 
from regulatory processes within the organism rather 
than from the periodic variation of the environment. 
Circadian rhythms indeed persist in constant light or 
darkness. Among the most conspicuous properties of 
circadian rhythms are the possibility of entrainment by 
light-dark or temperature cycles, and the relative 
independence of their period with respect to temperature, 
a phenomenon referred to as temperature compensation. 

In mammals, circadian rhythms are generated by the 
suprachiasmatic (SCN) nuclei which are groups of neu¬ 
rons located in the hypothalamus. How SCN neurons 
are able to generate rhythms of 24 h period remains an 
open question. The phenomenon occurs at the cellular 
level, since experiments indicate that an isolated SCN 
neuron retains the circadian variation in electrical activity. 

The unraveling of the molecular bases of circadian 
rhythms has undergone rapid advances, thanks to genetic 
studies, in organisms such as the fly Drosophila or the 
fungus Neurospora^^^'^'^. A circadian rhythm of locomotor 
activity has been demonstrated in Drosophila, Mutagene¬ 
sis studies have permitted to isolate ‘short’ and ‘longV. 
period mutants for which the periodicity of the locomotor 
rhythm has shifted from close to 24 h in the wild type 
to 19 h and 28 h, respectively^^ The mutated gene is 
known as per (for ‘period’) and codes for a protein 
PER of about 1220 amino acid residues. The ‘short’ 
and ‘long’ period phenotypes both correspond to point 
mutations in the gene. 

The per mRNA also varies in a circadian manner, 
and its peak precedes by several hours the peak in PER. 
This observation suggested that the mechanism of 
oscillations involves a negative feedback exerted by PER 
on the expression of the per gene'^ Such a mechanism 
for oscillations in the synthesis of a protein and its 
mRNA was proposed more than 30 years ago by Good- 
win^‘\ shortly after Jacob and Monod laid the molecular 
foundations of genetic regulation. 

Recent studies have shown that the PER protein acts 
as a regulator of transcription and can thereby influence 
the expression of a large number of genes. Also involved 
in the generation of circadian rhythmicity in Drosophila 
is the multiple phosphorylation of PER, which could 
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Figure 2. Model for circadian oscillations of thfe PER protein in 
Dr()sophila^''^K The model incorporates the transcription of the per 
gene into per mRNA, synthesis of PER followed by two successive 
phosphorylations of the protein, degradation of PER and its mRNA, 
PER transport into the nucleus and repression of per expression by 
the nuclear form of PER. An extended version of this model^ incor¬ 
porates the role of the TIM protein which forms a complex with PER, 

control the degradation of the protein and/or its entry 
into the nucleus. 

A theoretical model based on the control of PER 
degradation and entry into the nucleus by two successive 
phosphorylations and on the negative feedback exerted 
by PER on the expression of the per gene (see Figure 
2) is described by a system of five nonlinear kinetic 
equations^’^h The numerical integration of these equations 
shows that sustained oscillations in the concentrations 
of PER and its mRNA can occur for appropriate 
parameter values. In agreement with experimental 
observations, the maximum in per mRNA precedes the 
peak in PER by a few hours. The model shows that 
the successive phosphorylations of the protein introduce 
a delay in the negative feedback loop, which favours 
the occurrence of sustained oscillations. 

Besides PER, a second protein, referred to as TIM, 
encoded by the gene tim (for ‘timeless’), plays an 
important role in the mechanism of circadian oscillations 
in Drosophila. The PER and TIM proteins form a 
complex which migrates from the cytosol into the nucleus 
where it represses the expression of the per and tim 
genes. A theoretical model extended to take into account 
the formation of the PER-TIM complex as well as the 
multiple phosphorylation of the two proteins is described 
by a system of ten kinetic equations^l This model yields 
results similar to those obtained in the simpler model 
based on regulation by PER alone. However, in addition 
to simple periodic oscillations, the extended model allows 
for the occurrence of more complex phenomena such 
as birhythmicity and chaos. The possible physiological 
significance of these complex oscillatory phenomena 
remains questionable, however, since they occur in 
restricted ranges of parameter values. 

The genetic regulatory mechanism involved in the 
generation of circadian rhythms in Drosophila could 
apply, more generally, to other organisms'*^ Thus, in 
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Neurospora, a similar negative autoregulatory loop has 
been characterized"^ for the expression of the frq (‘fre¬ 
quency’) gene. It is likely that the regulation of gene 
expression and protein synthesis suppressed form a cen¬ 
tral part of the mechanism of circadian rhythms for 
most organisms. Inhibitors of protein synthesis and of 
DNA transcription indeed induce phase shifts of circadian 
rhythms, or even their suppression when the addition 
of such inhibitors exceeds a threshold level. 

Conclusions 

Biochemical as well as neuronal oscillations all result 
from the instability of a nonequilibrium steady state, 
beyond which the system evolves towards a limit cycle 
in the phase space. Processes of positive, or negative 
feedback lie at the heart of the instability-generating 
mechanism. The interaction between multiple instability¬ 
generating mechanisms, often associated with a multi¬ 
plicity of feedback processes, can lead to more complex 
oscillatory phenomena including ‘bursting’ oscillations, 
the coexistence between two (or more) simultaneously 
stable periodic regimes (birhythmicity), or aperiodic 
oscillations (chaos). 

The study of theoretical models represents a highly 
useful approach that complements well the experimental 
approach on which it is based. The interest of the 
models is to shed light on the core mechanism capable 
of generating oscillations by pinpointing the essential 
variables as well as their interactions - and on the precise 
conditions in which oscillations occur. Often indeed, 
verbal descriptions based on sheer intuition alone do 
not suffice for predicting the dynamic behaviour of a 
complex system containing a large number of variables 
and governed by multiple, nonlinear regulatory inter¬ 
actions. 

Finally, the theoretical approach underlines the deep 
unity of biological rhythms. The latter may originate, 
a.o., from the regulation of enzyme activity, receptor 
function, transport processes, or gene expression: regard¬ 
less of the type of control and the nature of the molecules 
involved, common properties emerge for the rhythms 


generated with widely different periods. Positive or/and 
negative feedback are found to give rise to rhythmic 
behaviour at all levels of biological organization. 
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Understanding the genetic bases of complex human 
disorders is one of the major challenges in human 
genetics today. Because there are various sources of 
complexity, including genotype-environment inter¬ 
actions, teasing apart the various causes of these 
disorders may not be straightforward. Genetic model¬ 
ling of data on families with these disorders provides 
useful insight into the roles of various putative causal 
factors. In this paper, we provide two models - epistatic 
and heterogeneity models - for complex disorders and 
develop methodology of analysis of family data under 
these models. 


The tremendous progress in human molecular genetics 
made within the last decade has considerably eased the 
task of localization and cloning of genes controlling 
single-locus traits/disorders in humans. Presently, the 
limiting factor to localization of genes controlling such 
disorders is the availability of multicase families. How¬ 
ever, for disorders such as hypertension and diabetes 
which do not exhibit single-locus inheritance patterns, 
the challenge now is to identify the various causal 
factors and to localize the underlying gene(s). Since 
highly polymorphic DNA markers at a reasonable density 
are currently available on human chromosomes, it is 
now possible to study cosegregation of these markers 
with the trait/disorder even without a tentative model 
of inheritance for the trait/disorder. However, such efforts 
may not be cost-effective, and in any case ‘before 
undertaking DNA studies ... one would ideally like to 
infer as much as possible about the genetic basis of a 
trait on the basis of the pattern of disease incidence in 
families and populations’^ 

The purposes of this paper are to: (i) describe some 
cardinal features of a complex disorder, (ii) briefly discuss 
some important sources of complexity, (iii) describe some 
plausible genetic models for complex disorders, (iv) provide 
some statistical properties of these models, and (v) describe 
statistical methodology for analysing nuclear family data 
under these models. The emphasis is on theoretical de¬ 
velopments; no application of the theory is provided, but 
references to applications are given. 

What a complex disorder is and the need for 
modelling 

Genetics of many human disorders are complex in nature 
in the sense that they exhibit consistent and significant 
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familial aggregation, and have a genetic component in 
their aetiologies, but do not exhibit simple Mendelian 
patterns of inheritance. Often no single pattern of 
inheritance can explain all observed types of aggregation 
of such a disorder in families. For example, a complex 
disorder that shows a high degree of familial aggregation 
but is not inherited in a simple Mendelian fashion, may 
result from epistatic interactions of alleles at two or 
more loci. Even when only two recessive loci epistatically 
interact in the pathogenesis of a disorder, the vast 
majority of families ascertained through an affected 
proband have no other affected member. For example, 
when the population prevalence of a two-locus recessive 
disorder is 1/1000, about 78% of nuclear families and 
about 65% of three-generational extended families of 
the proband are simplex^. These figures increase to about 
82% and 78%, respectively, when the prevalence 
decreases to 1/10000. Segregation analysis of such a 
multilocus recessive disorder may result in incorrectly 
inferring that the disorder is incompletely penetrant with 
a large proportion of sporadics^. A recent study^ has 
shown that for the purpose of detecting linkage, mis- 
specification of the two-locus model by a single-locus 
model does not affect the expected maximum lod-score 
substantially. However, model mis-specification leads to 
loss of power of detecting linkage and to biased estimates 
of the recombination fraction and other segregation 
parameters'"^. Further, no single-locus trait can fit the 
recurrence risks in relatives when the true model of 
inheritance is oligogenic^ For a two-locus trait, 
two-trait-locus, two-marker-locus linkage analysis can 
provide substantially more linkage information than 
standard one-trait-locus, one-marker-locus analysis^. Iden¬ 
tification of the correct genetic model of a disorder by 
segregation analysis is, therefore, not only useful but is 
also necessary for both genetic counselling and local¬ 
ization of genes. 

Sources of complexity 

The complexity of a genetic disorder can arise in a 
variety of ways. For example, a disorder may be 
determined by the joint action of genes and environment, 
such as insulin dependent diabetes mellitus (IDDM). 
This disorder has a variable age at onset. It aggregates 
in families, but does not segregate in a simple Mendelian 
fashion from parents to offspring“^’^‘. There are also 
possible environmental effects or effects of other loci 
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(e,g. HLA) on the expression of this disorder. Although 
no claim is made that the following list is mutually 
exclusive or exhaustive, some of the more common 
causes of complexity of a disorder are: 

Variable age at onset. All individuals with the appro¬ 
priate genotype do not manifest the disorder either at 
birth or at the same age later in life. The classic example 
is Huntington’s disease for which the age at onset ranges 
from. 6 years to 75+ years with a mode between 41 
and 45 years 

Reduced penetrance. Some individuals with the appro¬ 
priate genotype manifest the disorder while some others 
do not. Such reduced penetrance may be due to random, 
stochastic factors or due to modification of the susceptible 
genotype(s) by other gene(s)‘^ 

Phenotypic heterogeneity. All individuals of same geno¬ 
type do not manifest the same phenotype. Phenotypic 
heterogeneity can, however, be artifactual. For example, 
one of the difficult aspects of studying the genetics of 
psychiatric disorders relates to phenotype definition. 
Because of the large number of both major and minor 
psychiatric diagnoses, a primary problem in conducting 
genetic studies of psychiatric disorders is knowing which 
ones to include as affected, and which ones to exclude'"^. 
Inability to define the phenotype homogeneously may 
give a false indication of phenotypic heterogeneity. 

Allelic/genetic heterogeneity. Different alleles either at 
the same locus or at the different loci, give rise to the 
same phenotype. In classical terms, the former type is 
known as intra-locus heterogeneity and the latter type 
is known as inter-locus heterogeneity. An example of 
intra-locus heterogeneity is cystic fibrosis (CF). Of all 
CF patients, 70% carry the same mutation, the AF508 
mutation a deletion of a specific codon that causes 
the CF protein to lack an amino acid phenylalanine at 
amino acid position number 508. Additionally, more 
than 300 mutations of the CF gene have been reported. 
The phenotypic effects of some of these mutations can 
be distinguished, while of some others seem indistin¬ 
guishable. For example, the M34^K mutant allele, which 
is characterized by a T to A substitution at nucleotide 
position 1175 in exon 7 of the CF gene leading to a 
methionine to lysine amino acid substitution, is reported 
to have a phenotypic effect that is indistinguishable 
from that of AF508 (ref. 16). Neurofibromatosis (NF) 
is a disease for which there is inter-locus heterogeneity. 
NF can be of two types The most common form is 
the von Recklinghausen type (NFl), which is linked to 
markers on chromosome 17 (ref. 18). The other rare 
form is acoustic type (NF2), which is linked to markers 
on a different chromosome 22 (ref. 19). 
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Involvement of multiple loci. The disorder is determined 
by the joint action of genes at more than one locus. 
The genetic mechanism for a specific form of prelingual 
deafness may be cited as an example. This disorder 
manifests itself only in individuals who are recessive 
homozygotes at two involved locF”. 

Environmental influence. Environment, together with 
genotype, jointly influence the manifestation of the dis¬ 
order. Coronary heart disease (CHD) can be cited as 
an example. The contribution of genetic factors to the 
development of CHD has been estimated^^’^l From these 
studies it appears that there is no single gene locus 
responsible for CHD. Rather, different environmental 
and genetic factors jointly act and interact in a highly 
complex fashion in the pathogenesis of CHD. 

Problems in the analysis of family data of a 
complex disorder 

Methods of segregation analysis of family data for 
determining the mode of inheritance of a disorder are 
well established when the disorder is primarily deter¬ 
mined by alleles at a single locus^^ Suitable modifications 
have also been made to take into account incomplete 
penetrance, variable age at onset, etc. However, when a 
disorder is not transmitted in a simple Mendelian fashion, 
that is, when the observed segregation probability/ratio 
(which is defined as the conditional probability of an 
affected offspring given a parental mating type) is vastly 
different from that expected under a one-locus model, 
the disorder is usually described as ‘polygenic’ (meaning 
that the disorder is determined by alleles, each with a 
small undetectable effect, at a very large number of 
loci, which act additively to produce the disorder phe¬ 
notype). Heritability of the disorder is then estimated. 
However, with the identification of single genes in the 
so-called complex disorders, the concept of polygenic 
inheritance is now beginning to be challenged^"^. A recent 
example is Hirschsprung disease, a complex disorder 
hitherto considered to be of polygenic origin. Patients 
with this disease suffer from severe constipation and 
abdominal distension due to congenital megacolon. A 
gene for this disease, which was traditionally assumed 
to be polygenic, has now been successfully localized to 
the pericentromeric region of the short arm of chromo¬ 
some 10 (ref. 25). Thus, there is an increasing realization 
and documentation of the fact that many, so-called 
complex disorders may really be due to effects of genes 
at one or a small number of loci. Having rejected the 
single-locus model of inheritance, no attempt is usually 
made to analyse the data under multilocus models, 
assuming the involvement of a small number of loci. 
This is because of the intrinsic problems associated with 
multilocus models. For example, under a single locus 
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model, if the disorder is recessive, then in a family, 
ascertained through an affected child, if both parents 
are normal, then both of them are obligate heterozygotes. 
This fact simplifies family data analysis to a great 
extent, because in all such families, the segregation ratio 
is 1/4. Such simplicity vanishes even when two unlinked 
biallelic4oci, with alleles (A,a) and (B,b), are considered. 
In this case, each normal parent can be of one of the 
genotypes AaBb, Aabb, aaBb. Thus, a normal x normal 
mating type may be any one of the genotypic matings 
AaBb X AaBb; AaBb x Aabb; AaBb x aaBb; Aabb x Aabb; 
AabbxaaBb; aaBbxaaBb with segregation ratios 1/16; 
1/8; 1/8; 1/4; 1/4; 1/4, respectively. This heterogeneity 
of mating types and segregation ratios introduce con¬ 
siderable complexity in deriving the likelihood function 
of a set of phenotypic observations on members of a 
family, and in carrying out computations. Further, because 
of the small family sizes of humans, low segregation 
ratios imply that in a large proportion of families only 
one affected member (the proband) is usually observed. 
This, in turn, creates problems in data analysis because 
the members in these families appear as sporadic (non- 
genetic) cases and/or the normal individuals mimic 
incompletely penetrant cases. To avoid the confusion 
regarding whether the affected individual in a single-case 
family is genetic (but, chance isolated) or sporadic, it 
may be n^ore practical to select multicase families. 
However, even though such a selection procedure en¬ 
riches for segregation at a few loci, these segregants 
will be at multiple, independent locP^. This implies that 
there will be an intrinsic heterogeneity among such 
families which will adversely affect linkage-mapping 
efforts. Variable age at onset adds further complexity, 
because in this case an individual may be of the ‘affected 
genotype’, but may not have expressed the disorder at 
the time of study. 

Development of multilocus models 

A number of human disorders and congenital mal¬ 
formations show strong familial aggregation but do not 
conform to the expected recurrence risks in sibs, or are 
not transmitted from parents to offspring in a simple, 
single locus, Mendelian fashion. Various models have 
been proposed to describe the way in which gene(s) 
affect the liability of individuals to a disorder. They 
range from models of the effects of alleles at a single 
locus to multifactorial/polygenic models representing the 
effects of genes at many loci and the effects of envi¬ 
ronment. The multifactorial model, while descriptive, 
sheds very little light on possible underlying biological 
mechanism. Thus, extending simple single locus Men¬ 
delian models to more than one locus represents the 
next logical step for exploring possible genetic mecha¬ 
nisms for diseases which show strong familial aggrega¬ 


tion. However, inherent in analysing models based on 
two loci is the question of the biological and statistical 
aspects of interactions between alleles at the different 
loci. Straight additivity is rarely a good assumption for 
any biological mechanism, while epistatic interaction 
represents a plausible mechanism for many disorders. 

To the best of our knowledge, the first two-locus 
model proposed for a human disorder-psoriasis, a 
dermatological disorder-was by Steinberg et aL^\ They 
performed a simple-minded analysis of data from various 
mating types and concluded that recessive alleles at two 
unlinked, autosomal, biallelic loci interacted in the mani¬ 
festation of the disorder, and that individuals who were 
recessive homozygotes at both loci were affected. 
Although psoriasis has a variable age at onset, this fact 
was not rigorously incorporated in Steinberg et 
analyses. 

LF® considered the two-locus recessive homozygosis 
model and derived many useful theoretical results that 
included showing that Snyder’s ratios can be generalized 
in a straightforward manner to multiple loci. These 
results are useful for analysing nuclear family data for 
a disorder that is expressed at birth, provided that 
families are ascertained randomly or through an affected 
parent. He also provided further generalizations and 
results^'^ However, in practice, for recessive disorders, 
sampling through an affected offspring, not random 
sampling, is the generally adopted strategy. 

Merry et al?^ performed a theoretical study of a 
two-locus model for a familial disease. They derived 
conditions for the existence of a stable equilibrium and 
showed that it could be used to explain a wide range 
of disease frequencies and patterns of inheritance. How¬ 
ever, even though this study considered some diseases 
with variable ages at onset, the theoretical investigations 
were carried out without taking ages at onset into 
account, 

A simple graphical method for testing two-locus models 
was proposed by Greenberg^^ However, the testing 
procedure described by the graphical representation is 
not a test of significance or fit in the statistical sense. 
It is rather a test of the consistency of the model with 
biological parameters, namely, the gene frequencies at 
the two loci. A maximum likelihood test of the two-locus 
model for coeliac disease was subsequently developed^^ 
but are not directly applicable to a disorder with a 
variable age at onset. 

Recently, Neuman and Rice^ have derived formulae 
for the recurrence risk to various classes of relatives in 
terms of penetrances and gene frequencies for two locus 
models. 

Methods for segregation analyses of data on ascertained 
families in respect of multilocus recessive homozygosis 
models, have primarily been developed by Majumder et 
^^ 20,33^ Further generalizations and applications have also 
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been made, and properties derived^'*"^*’. These methods 
developed are applicable to disorders which are expressed 
at birth or which have variable ages at onset. 

Multilocus models with special reference to 
the multilocus recessive model 

Models considered 

Many of the challenging problems in the study of 
hereditary disorders involve use of mathematical/statis¬ 
tical modelling to describe the transmission of a disorder 
within families. Many complex disorders have not been 
amenable to genetic analysis under the assumption of 
single locus or multifactorial models. The observed 
familial risks are often inexplicable under any single 
locus or multifactorial models and also segregation analy¬ 
sis has often not been decisive^. Consequently, interest 
has turned to the consideration of the properties of 
oligogenic models, i.e. genetic models involving a small 
number of genes. 

It is known that the number of possible models for 
a multilocus system is large^^, which precludes the 
exhaustive investigation of all possible models. To 
understand the behaviour of oligogenic models, we shall 
first consider the simplest case — two autosomal, biallelic, 
unlinked loci. Locus 1 has alleles A and a with fre- 
. quencies and ( = 1-/?^), respectively; the two 
alleles at locus 2, B and b, have frequencies and 
^ ( = 1 -p^), respectively. It is assumed that the under¬ 
lying population is in Hardy-Weinberg equilibrium with 
respect to each of the two loci and that there is no 
linkage disequilibrium between the loci. We also assume 
that penetrances are equal (say / for epistatic models) 
for all at-risk genotypes and that only those individuals 
with an at-risk genotype may become affected (i.e. no 
phenocopies). In heterogeneity models, the penetrance 
(say g) of a genotype with respect to both loci is 
computed from marginal penetrances: ,^=/j+/ 2 ‘"/i/ 2 » 
where / and denote the marginal penetrances at loci 
1 and 2, respectively. The genotypes and their corre¬ 
sponding population frequencies for the general two 
locus model are given in Table 1. The notation used 
to denote penetrances of the corresponding two-locus 
genotypes is given in Table 2. Now for example, consider 
a disorder that expresses itself in an individual if either 
(s)he is a recessive homozygote at each of the two loci 
(epistatic model) or is a recessive homozygote at any 
one of the two loci (heterogeneity model). The pene¬ 
trances of the genotypes for these models are: epistatic: 

= ... = = 0, /ly =/; heterogeneity: = 

= = = ^ = \ = In this study, 

we have focused on the epistatic and the heterogeneity 
models. 

Model L An individual is affected if the individual 
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is a recessive homozygote at all the loci involved in 
the pathogenesis of the disorder. The loci are assumed 
to be autosomal, unlinked and biallelic. For example, 
if the disorder is caused by the action of L unlinked 
loci and at each locus there are two alleles —A,a, B,b, 
C,c; etc. (a,b,c, ... denoting the recessive alleles) - 
affected individuals are of genotype aabbcc . ..; indi¬ 
viduals of all other genotypes are phenotypically normal. 
Thus, of the 3^ genotypes, only 1 genotype gives rise 
to the affected phenotype; individuals of the remaining 
3^-1 genotypes are phenotypically normal. 

Model IL An individual is affected if the individual 
is a recessive homozygote at any one of the L loci 
involved. In this case, of the 3^ genotypes, 3^-2^ 
genotypes lead to the affected phenotype; the remaining 
2^ genotypes lead to the normal phenotype. Thus, for 
L = 2, individuals of genotypes AAbb, Aabb, aaBB, 
aaBb, and aabb are phenotypically affected, and those 
of genotypes AABB, AABb, AaBB, AaBb are pheno¬ 
typically normal. 


Population prevalence 

Consider a disorder determined by the epistatic action 
of recessive alleles at multiple unlinked loci (Model I). 
Suppose, q. denotes the frequency of the recessive allele 
at the biallelic locus i (/= 1,2,... , L) in a population. 
If the population practises random mating, then the 
prevalence (<5) of the disorder in the population is. 

i = 1 


Table 1. Two-locus genotypes and their frequencies in a 
population in Hardy—Weinberg equilibrium 


Loci 


Locus 2 


BB 

Bb 

bb 

AA 

AABB 

AABb 

AAbb 


(p]pI) 

(Ip^p^q^) 


Locus 1 Aa 

AaBB 

AaBb 

Aabb 



(4p,9,P292) 


aa 

aaBB 

aaBb 

aabb 





Table 2. 

Penetrances of two-locus genotypes 




Locus 2 


Loci 

BB 

Bb 

bb 

AA 

h, , 

hi 

h 

Locus 1 Aa 

A 

hs 

K 

aa 

hr ■ 

K 

h, 
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If q. = q (for all / = 1, 2, 3,..,, L), then, 
* d^q^\ [0<(5, q<\]. 


lihood function. In this section, we shall derive the 
likelihood functions of data on various types families 
under different non-random ascertainment schemes. 


For a disorder which is due to recessive homozygosity 
at any one of the L loci involved (Model II) 


(5 = 


i-no-s?) 


If q. = q (for all / = 1, 2,..., L), then, 

(5 = [l-(l-^y], [0<(5, q<\l 

For Model I, the prevalence, for a fixed value of the 
allele frequency q, decreases sharply with the increase 
in the number of loci L. For Model II, however, the 
prevalence increases with the increase of the number of 
loci. The prevalence, for a fixed value of L, increases 
with increase in the allele frequency q for both models. 
We also note that for both models the prevalence is 
exactly same when L=l. 

For a recessive disorder, it is of interest to examine 
its characteristics in an inbred population. Suppose, a 
population practises inbreeding and the inbreeding 
coefficient is F(F>0). Then, at the ith locus 
(/ = 1,2, 3,. ., L), the frequency of the recessive 
homozygote will be qF + q^^{\’-F) for Model I and 
1 -[ 1 -{^.F+( 72 ( 1 _F)}] for' Model IT If q=q (i^ 
1, 2, 3,.., , L), then, prevalence of a disorder for Models 
I and II will be: 


Likelihood of a normal X normal family 
ascertained through an affected offspring 

To determine the likelihood of a normal x normal family 
ascertained through an affected offspring, we first note 
that each of the normal parents must either be hetero¬ 
zygous at each of the L loci or recessive homozygous 
at all L loci except at least one. This is because, to 
produce an affected (aabbcc...) offspring, each parent 
must be capable of transmitting an abc ... gamete, and 
the reason why neither parent can be recessive homo¬ 
zygous at all the L loci is that each parent is known 
to be phenotypically normal. Hence, for any such family 
in which the father is heterozygous at i loci and the mother 
is heterozygous at j loci, the mating frequency, M.. is: 

(^)(^)JT 

= - — - . 

r = ! j-\ 

The probability 6., that this family produces an affected 
offspring is: 



Now, the probability, a, that a family with r affected 
offspring will have at least one proband is^^: 


d = [qF^q\l^F)]^ 

and, 

As is expected, .for fixed values of q and L, prevalence 
increases with increase in the population inbreeding 
coefficient F. Further, the rate of decrease in population 
prevalence under Model I, or the rate of increase in 
population prevalence under Model II, with increase in 
L for a fixed value of q is dependent on the value of 
the population inbreeding coefficient, F, 


Methodology for analysis of family data 

Data pertaining to phenotypes, ages, etc. on members 
of families are statistically analysed for parsimonious 
model selection. Under each plausible model, likelihood 
of the data on a set of families is evaluated. As has 
been mentioned earlier, families are generally ascertained 
through the presence of an affected individual, who is 
called the proband. Such non-random ascertainment of 
families necessitates appropriate corrections in the like¬ 


a=l- (1 -ny\ 

where 7t denotes the conditional probability that an 
offspring is a proband given that (s)he is affected, which 
we assume is independent of the parental mating type. 

The probability, (r = 1, 2,. .., i-), that a family of 
ijth type (that is, in which the father is heterozygous 
at i loci and the mother is heterozygous at j loci) of 
size .S’ will have r affected offspring is: 


sr 



Therefore, the probability, that a family of ijih type 
of size s will have r affected offspring and will be 
ascertained is: 


r=l,2,3,...,.y. 

r J.,. 

Hence, the probability, of a family of ij th type of 
size .S' having at least one affected child and being 
ascertained is: 
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Of=;£ 


r = 1 


It, therefore, follows that the probability that a family 
of size will have at least one affected offspring and 
will be ascertained is: 






/=1 7=1 


The likelihood, X , of an ascertained family of size 5* 
having r affected offspring is: 


m 




2^ 

/=! 7=1 f/^.vr 

S'- s'- M O'® ■ 

/■=! 7=1 U 


Under single ascertainment, a-m. Hence, L reduces 
to: 


L = 


^ L £ L 2^' • "* (2' - 1 Y ^ ^ 





r 


S 

V J 


\ y 


L\ (L\ n'+J 




where p-\-q. 

Although the above equation looks formidable, it can 
be considerably simplified because several mating types 
have the same values of i and y, and consequently the 
same value of 9,.. This is exemplified in Table 3. 

While the above likelihood equation has been derived 
for unrelated parents, extension to the situation when 
the parents are related is straightforward. The likelihood 
function remains valid; the only modification that is 
necessary is in the mating probabilities. These changed 
probabilities can be derived using the I-T-0 method^^ 


For the twoTocus model, the unconditional mating proba¬ 
bilities as given in Table 3 for unrelated parents change to: 

when parents are an uncle-niece pair: 

class 1: p^q\\/2 + 2pqY ; 

class 2: pV(l + 4/?g)(l + 2.q)\ 

class 3: 2 p^'^{[(l+^)( 1 +4^)+p(l+2^)^]/4}; 

when parents are a pair of first cousins: 

class 1: 1/16 + 3p^ ^^(1/2+ 3p^); 

class 2: p^^^[l/4 + 3^/2 + 3p^(l + 6^)]; 

class 3: pq%l + + l?p(g{l + 3^)]/4. 

Incorporation of variable age at onset 

Preliminaries and notations. Under the multilocus 
models considered, an individual of a given phenotype 
may potentially be of any one of several genotypes. 
For example, under Model I, a phenotypically normal 
individual can be of any one of 8 genotypes (AABB, 
AABb, A Abb, AaBB, AaBb, Aabb, aaBB, aaBb) if two 
loci are considered, while under Model 11, such an 
individual can be of any one of 4 genotypes (AABB, 
AABb, AaBB, AaBb). Although under Model I, an 
affected individual is necessarily of genotype aabb if 
two loci are involved, under Model II such an individual 
can be of any one of 5 genotypes (aaBB, aaBb, aabb, 
A Abb, Aabb). Late age at onset adds to the list of 
potential genotypes of normal individuals. For example, 
under Model I, a normal individual may also be of 
genotype aabb but may not have manifested the disorder 
at the age at examination. 

When two loci are involved, we present in Table 4, 
the list of various possible genotypic matings, mating 
probabilities, phenotypic mating types and segregation 
probabilities, separately for Models I and II. While 
listing the phenotypic mating types in this table, the 
possibility that an individual may be of the susceptible 


Table 3. Parental genotypic mating classes, segregation probabilities and mating frequencies for Model 1 with L~2 


No. of heterozygous loci 


Class 


Genotypic mating 
Father x Mother 


Father 

(0 


Mother 

(j) 


Probability of 
affected 
offspring 

(9«) 


Mating probability for class 


Unconditional 


Conditional 


AaBb X AaBb 

AaBb X aaBb 
aaBb x AaBb 
AaBb x Aabb 
Aabb X AaBb 

aaBb x aaBb 
aaBb x aaBb 
AabbxaaBb 
Aabb X Aabb 


1/16 

1/8 

1/8 

1/8 

1/8 

1/4 

1/4 

1/4 

1/4 


16pV 

32pV 

\6pY 


P- 

Ipq 
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genotype (e.g., aabb under Model I ) but may not have 
manifested the disorder because of late age at onset has 
not been taken into account. This possibility introduces 
a complexity. For example, under Model I, when variable 
age at onset is considered, the genotypic mating 

Table 4. Genotypic and phenotypic mating types, their prob¬ 
abilities and segregation probabilities when two loci are involved 


Segregation 

prob. Phenotypic mating 

- type 


SI. Genotypic Mating Model Model 


no. 

mating type 

prob. 

I 

II 

Model I 

Model II 

1 

AABB X AABB 


0 

0 

Nor X Nor 

Norx Nor 

2 

AABB X AABb 

Ap’q 

0 

0 

Nor X Nor 

Norx Nor 

3 

AABB X AAbb 

W 

0 

0 

Nor X Nor 

Nor X Aff 

4 

AABB X AaBB 

Ap-’q 

0 

0 

Nor X Nor 

Nor X Nor 

5 

AABB X AaBb 

8pV 

0 

0 

Nor X Nor 

Norx Nor 

6 

AABB X Aabb 


0 

0 

Nor X Nor 

Norx Aff 

7 

AABB X aaBB 

2pV 

0 

0 

Nor X Nor 

Nor X Aff 

8 

AABB X aaBb 

Ap^^ 

0 

0 

Nor X Nor 

Norx Aff 

9 

AABB X aabb 

w 

0 

0 

Nor X Aff 

Norx Aff 

10 

AABb X AABb 

4pV 

0 

1/4 

Nor X Nor 

Nor X Nor 

11 

AABb X AAbb 

4pV 

0 

1/2 

Norx Nor 

Nor X Aff 

12 

AABb X AaBB 


0 

0 

Nor X Nor 

Nor X Nor 

13 

AABb X AaBb 

\6p^q^ 

0 

1/4 

Nor X Nor 

Nor X Nor 

14 

AABb X Aabb 

8pV 

0 

1/2 

Nor X Nor 

Nor X Aff 

15 

AABb X aaBB 

4pV 

0 

0 

Nor X Nor 

Nor X Aff 

16 

AABb X aaBb 

8pV 

0 

1/4 

Nor X Nor 

Nor X Aff 

17 

AABb X aabb 

4pV 

0 

1/2 

Norx Aff 

Nor X Aff 

18 

A Abb X AAbb 

pV 

0 

1 

Norx Nor 

Aff X Aff 

19 

A Abb X AaBB 

4pV 

0 

1/2 

Norx Nor 

Aff X Nor 

20 

A Abb X AaBb 

8pV 

0 

1/2 

Norx Nor 

Aff X Nor 

21 

AAbb X Aabb 

4pV 

0 

1 

Norx Nor 

Aff X Aff 

22 

AAbb X aaBB 

2pV 

0 

0 

Norx Nor 

Aff X Aff 

23 

AAbb X aaBb 


0 

1/2 

Nor X Nor 

Aff X Aff 

24 

AAbb X aabb 

2pV 

0 

1 

Norx Aff 

Aff X Aff 

25 

AaBB X AaBB 

Ap\i^ 

0 

1/4 

Nor X Nor 

Nor X Nor 

26 

AaBB X AaBb 

16pV 

0 

1/4 

Nor X Nor 

Nor X Nor 

27 

AaBB X Aabb 


0 

1/4 

Nor X Nor 

Nor X Aff 

28 

AaBB X aaBB 

4pV 

0 

1/2 

Norx Nor 

Nor X Aff 

29 

AaBB X aaBb 

oo 

0 

1/2 

Norx Nor 

Nor X Aff 

30 

AaBB X aabb 

Ap^cf 

0 

1/2 

Norx Aff 

Nor X Aff 

31 

AaBb X AaBb 

16pV 

1/16 

7/16 

Norx Nor 

Nor X Nor 

32 

AaBb X Aabb 

I6p^q^ 

i/8 

1/2 

Nor X Nor 

Nor X Aff 

33 

AaBb X aaBB 

8pV 

0 

1/2 

Nor X Nor 

Nor X Aff 

34 

AaBb X aaBb 

I6p^q^ 

1/8 

5/8 

\ Norx Nor 

Nor X Aff 

35 

AaBb X aabb 


1/4 

3/4 

Norx Aff 

Nor X Aff 

36 

Aabb X Aabb 

Ap^cf 

1/4 

1 

Nor X Nor 

Aff X Aff 

37 

Aabb X aaBB 

4pV 

0 

1/2 

Nor X Nor 

Aff X Aff 

38 

Aabb X aaBb 

8pV 

1/4 

3/4 

Nor X Nor 

Aff X Aff 

39 

Aabb X aabb 

Apq’’ 

1/2 

1 

Norx Aff 

Aff X Aff 

40 

aaBB X aaBB 

pV 

0 

1 

Norx Nor 

Aff X Aff 

41 

aaBB x aaBb 

4^V 

0 

1 

Nor X Nor 

Aff X Aff 

42 

aaBB x aabb 

2pV 

0 

1 

Norx Aff 

Aff X Aff 

43 

aaBb x aaBb 

Afy^ 

1/4 

1 

Nor X Nor 

Aff X Aff 

44 

aaBb x aabb 

Apq' 

1/2 

1 

Norx Aff 

Aff X Aff 

45 

aabb x aabb 

q» 

1 

1 

Aff X Aff 

Aff X Aff 
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AABB X aabb may phenotypically either be normal x 
affected or normal x normal. 

For the formulation of likelihood of phenotypic 
observations on offspring given the parental phenotypic 
mating type, the following further preliminaries and 
notations are in order. 

1. For a particular phenotypic mating type, several 
genotypic mating types are possible. If the mating 
involves parent(s) who is (are) phenotypically normal, 
then the current age(s) of the parent(s) also need to be 
taken into consideration while enumerating the possible 
genotypic matings. We shall denote as and g^, the 
current ages of father and mother respectively. 

2. We shall denote as: z^ = Prob {an individual of age 
X is phenotypically normal given that (s)he is of the 
susceptible genotype(s)}. These probabilities are esti¬ 
mated from age at onset data of affected individuals. 
In practice, it may be necessary to form age-groups to 
avoid vagaries of small sample sizes. When age groups 
are formed, z, will denote the above conditional prob¬ 
ability for an individual belonging to age-group 
i; 1 = 1,2,..., G. 

3. We shall denote as: ;i^ = Prob (genotypic mating 
type is k given the phenotypic mating type and 
age(s) of the phenotypically normal parent(s)}; 

^ = 1,2,. .., = number of genotypic matings for a 

specified phenotypic mating. These are calculated 
straightforwardly from the mating probabilities given in 
Table 4. However, these probabilities need to be mul¬ 
tiplied by appropriate z. values in specific cases. For 
example, under Model I, given a normal x affected mat¬ 
ing, K should equal 8 (corresponding to serial numbers 
9, 17, 24, 30, 35, 39, 42 and 44 of Table 4) if the 
disorder expresses itself at birth. However, when the 
disorder has a late age at onset, a normal x affected 
mating may also be of type aabb x aabb (serial number 
45 of Table 4. Thus, K = 9. The mating probability of 
the aabb x aabb mating given that the phenotypic mating 
type is normal x affected, and that the normal individual 
belongs to /th age group is q^z.> The conditional prob¬ 
abilities, are obtained by dividing the unconditional 
probabilities by the sum of the unconditional probabilities 
of all genotypic matings corresponding to the given 
phenotypic mating. 

4. We shall denote as: 0^ = Prob (offspring is of a 
susceptible genotype given that the parental genotypic 
mating is of type k). For example, under Model I, 
0^ = Prob (offspring is of genotype aabbcc . . . given that 
the parental genotypic mating is of type k). But under 
Model n, 0^ = Prob (offspring is of AAbb or Aabb or 
aaBB or aaBb or aabb given the parental genotypic mating 
of type k). These are also given in Table 4. 

5. Consider an offspring of age x: in a family in 
which parental genotypic mating is of type k. The 
probability of this offspring being phenotypically affected 
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is 0 (1 - z), and of being phenotypically normal is 

1-0/1 -z/- 

6. For a particular nuclear family, we shall denote 
as: n, = total number of offspring in age-group i, 
m. = number of affected offspring in age-group i; 
(n. - m.) = number of normal offspring in age-group i. 


Likelihood function for a normal x ajfected 
family, ascertained through an affected parent 

The data comprise numbers of affected offspring 
belonging to each of the G age groups; that is, m. and 
n.-m.; Given that parents are 

normal x affected, one can enumerate all possible geno¬ 
typic matings that can give rise to a normal x affected 
phenotypic mating, under either Model I or Model 11. 
Suppose K such genotypic matings are possible. For 
each genotypic mating, K the conditional mating prob¬ 
ability ju can be worked out as indicated in the previous 
section after taking into account the age of the normal 
parent. For a given genotypic mating, k, the likelihood 
of phenotypic observations of offspring belonging to 
age group i is: 




m 

\ V 


[0/1-zpr. [1-0/1-^,•)]"'■ 


Thus, the conditional likelihood function of phenotypic 
observations on all offspring given the parental mating 
type is: 




m 

K V 




for ascertainment-bias. The likelihood function, X, can 
be written as: 

L= [a ■ [{n, m), 

m 

where the form of the function /‘(n, m); n and m being 
vectors, is the same as the likelihood function of the 
previous case. [Of course, enumeration of genotypic 
matings and calculation of conditional mating prob¬ 
abilities will correspond to a normal x normal phenotypic 
mating rather than a normal x affected mating.] If 
m = 'Z°_ m. denotes the total number of affected off¬ 
spring in the family, then cc^ = Prob (a family with r 
affected offspring will have at least one proband) 
_ j _ (■ j _ jj;Y, where n denotes the probability of ascer¬ 
tainment. Thus, the numerator of L,a^ - f(n, m), denotes 
the likelihood that in a family with n. offspring there 
will be m, affected in age group j(i = 1, 2 ,..., G), and 
that such a family will be ascertained. The denominator 
of L, ^(n, m), denotes the probability that a family with 
n. offspring in age group i has at least one affected 
offspring and is ascertained. This term is obtained as: 

N 

/3(n.m) = X 


where 


N=J^n.. 

/= 1 

When. jr = 0, the likelihood function simplifies to: 
£=r- f(n, m)/j8 (n, m). 




Likelihood function for a normal x normal 
family, ascertained through an affected offspring 

In comparison with the previous case, a normal x affected 
family ascertained through an affected offspring raises 
two problems. First, the ages of both normal parents 
have to be considered in determining s. For example, 
under Model I, for L = 2, a normal x normal mating may 
actually be of type aabbxaabb. That is, both parents 
can be of the susceptible genotype (aabb), without 
manifesting the disorder at the time of data collection. 
The unconditional probability of this genotypic mating 
will be cfzz.^ when the parents belong to age groups 
i and j (f, j = 1,2,..., G). Second, while no correction 
for bias of ascertainment was required in the previous 
case (normal x affected family ascertained through an 
affected parent), when a family is ascertained through 
an affected offspring, the likelihood has to be corrected 
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where 

N 

j8(n,m) = ^ r- 

r=l 

and the range and constraints of the second summation 
are those of /S(n, m) given earlier. 

Computations of likelihood functions: Some 
comments 

The number of possible genotypic matings, K, for a 
given phenotypic mating type increases drastically with 
increase in the number of loci, L. For a fixed value of 
L, K is also much larger if a disorder has a variable 
onset age compared to one which is expressed at birth. 
Thus, for a disorder with a variable onset age, the 
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number of terms to be summed in the likelihood function 
is usually large. However, several genotypic matings 
have the same segregation probability, as is evident 
from Table 4. Considerable computational simplification 
is obtained by pooling all genotypic matings with the 
same segregation probability. When this is done, the 
number of terms to be summed in the likelihood function 
reduces to the number of distinct values of the segregation 
probability. 

When data on a number of nuclear families of a 
specific mating type are available, the joint likelihood 
is the product of likelihoods of individual families. Here 
again, considerable computational simplification is 
obtained by pooling data of all families in which the 
normal parent(s) belongs to the same age group(s). 

Discussion 

Starting with an overview of the development of multi¬ 
locus models, we have focused on two models for 
complex human disorders - epistatic and heterogeneity 
models. We have provided the methodology for calcu¬ 
lating the likelihood of data on families for each of 
these models. Because we have considered the practical 
situations that the disorder may have a variable age at 
onset and that the families from which data are collected 
may be ascertained through affected individuals, the 
proposed methodology should be widely applicable. 
Based on the value of the likelihood function of data 
on a set of families, model selection can easily be made. 
Although, in this paper, we have provided no application 
of the proposed methodology, this can be found in Nath 
et and Nath^^. 
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Are ecological systems chaotic? - An enquiry 
) into population growth models 
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i The discovery of quasiperiodic and chaotic behaviour 
of deceptively simple discrete population models is a 
major unexpected development of the last few decades. 
While these complex phenomena are relatively well 
\ accepted and understood in physical sciences, the 
^ biological significance of complex dynamics (chaos) is 
still not acknowledged fully. Indeed field data of 
biological populations has often been thought to some¬ 
how avoid the predictions of the mathematical models. 
Ecologically realistic reformulation of these models has 
now begun to suggest that chaos is not biologically 
unrealistic and that ecological processes such as 
k migration of individuals between populations can 
I appear to suppress complex oscillations.__ 


I Eyesight should learn from reason. 

-Johannes Kepler 

• In an otherwise descriptive experimental science of 
biology, mathematical models have been used extensively 
to study population growth processes in ecology. The 
prime reason being the need to be able to predict the 
future course of events for necessary manipulation/ 
intervention. These models have been applied to diverse 
5 fields such as, demography, economics of natural resource 

management, health and conservation studies. It has been 
used for predicting guidelines for harvesting policies, 
vaccination regimen, and growth and spread of infectious 
I diseases^"^. 

Living systems show two types of growth - continuous 
and discrete. In many organisms such as humans, re- 
1 production (growth) continues throughout most of their 

I lifetime, and, more than one generation can overlap at 

I any period of time. This is not the case with many 

others such as, annual plants and insects, where 
generations do not overlap and thus growth is discrete. 

^ ‘ The mathematics used for modelling are different in 

these two cases. Single populations of organisms with 
nomoverlapping generations are modelled using one¬ 
dimensional discrete equations (maps), and continuously 
growing organisms are modelled using ordinary differ- 
' ential equations. 

! A variety of biotic and abiotic factors contribute to 

population growth. Thus the time series data from dif¬ 
ferent systems (shown in Figure 1), incorporates the 
resultant of all relevant factors to the population size. 
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Controlling or even having knowledge of all the con¬ 
tributing deterministic and stochastic factors is almost 
impossible in field experiments, but can be attempted 
in the laboratory. Therefore, single population models 
described by few parameters such as, the intrinsic growth 
rate of the species and carrying capacity of the envi¬ 
ronment are highly idealized. Many ecological factors 
contributing to a population’s growth such as, predation, 
dispersal and competition are assimilated in the growth 
rate and the carrying capacity, thus retaining the essence 
of biological details. In spite of being simple, these 
models have been found to be quite useful in describing 
the temporal pattern of growth and are used regularly 
in ecology^’*^* 

The commonly used density-dependent, single popu¬ 
lation, continuous models can either show exponential 
growth, stabilize to the saturation value (carrying capacity 
of the environment), or die depending on its intrinsic 
growth rate and the carrying capacity. Some of the 
factors that may induce regular or erratic oscillations 
(as shown in Figure 1) are environmental noise, time 
tag, growth rate regulation, and interactions with other 
species (predator-prey, host-parasite, etc,). On the other 
hand, the density-dependent single population models 
for discrete growth exhibit a variety of dynamics de¬ 
pending on the intrinsic growth rate R and other den¬ 
sity-dependent factors. These models can show a range 
of dynamics such as, equilibrium, periodic (including 
higher period oscillations), and irregular, aperiodic os¬ 
cillations or chaos^’^’^ Thus these models have complex 
dynamics intrinsic to them and can show erratic fluc¬ 
tuations even in the absence of stochastic environmental 
factors. 

The predominant perception in population dynamics 
has been that of homeostasis. The concept of ‘balance 
of nature’ is well-entrenched in biological thought and 
a stable, equilibrium world is considered to be normal. 
The erratic fluctuations observed in population size over 
a span of time (as seen in Figure 1) have been generally 
considered to reflect stochastic factors such as ^weather 
conditions. There have been voices of dissent’^^ to this 
view where the fluctuations have been attributed to 
factors inherent to the system. Thus there has been a 
continuing debate between the biotic and the climatic 
schools over the relative importance of deterministic 
versus stochastic forces in controlling ecological popu- 
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lations^^’^^. This debate has taken new meaning with the 
concepts of chaos and complex dynamics in ecology. 

Other than the philosophical argument against chaos, 
there exists an evolutionary argument also. Chaos is 
associated with violent oscillations with very low mini¬ 
mum. Some feel*^"^^ that this property of chaotic oscil¬ 
lation increases the risk of extinction and, hence, chaos 
must be evolutionarily selected against. It is common 
sense and supported by many field studies’®’’^ that a 
small population indeed has a higher risk of extinction 
under any sudden environmental perturbation. Violent 
oscillations also have high risk because they may stress 

t/> 

Qi 







Figure 1. Time series data representing population size variation for 
three organisms; a. Laboratory culture of a stored-product beetle C. 
rnacidatujp^'. b. Number of cases of measles reported in New York 
between 1928 to 1963 (ref. 36b). c, Number of larvae of a strain of 
flour beetle T. casteneiim over several generations^'’*^. 


the environment with very high numbers and then create 
sudden lows for even not-so-significant environmental 
factors to act against it. 

Thus having equations showing chaotic oscillations 
do not necessarily justify the presence of chaos in 
natural ecological systems. Are these models realistic 
for natural populations? A study‘s that has been quoted 
extensively in discrete population literature, collected 
life table data for twenty-four field populations and four 
laboratory populations of insects which show discrete 
growth (Table 1). This data was fitted to a single-species, 
discrete model developed based on detailed biological 
considerations^I The results showed that all natural 
populations have population parameters lying in the 
region of stable dynamics. This study, based on a large 
data set, strengthened the perception that equilibrium 
dynamics is normal in nature and not chaos. The insect 
populations studied in the controlled conditions of the 
laboratory came closest to true single-species situation 
and showed regular or erratic oscillations in their growth 
dynamics. Thus it was concluded that the equations are 
realistic but only in the confines of the laboratory. 

In this paper we enquire into the possible reasons of 
absence of periodicity or chaos in natural populations 
by considering the above-mentioned mathematical 
modelWe show that simple ecological processes like 
density-independent migration, can act to suppress 
oscillations or fluctuations (chaos) in a population with 
unstable population parameters and thus exhibit stable 
dynamics. We also reason against the evolutionary 
argument and show that chaos per se may not increase 
the risk of extinction even under regular emigration or 
depletion. Thus the results on natural populations^^ neither 
argue against chaos in evolution, nor do they have 
negative implications about the realism of the single 
species discrete growth models in ecology. 

In the following sections, we first describe the model 
and its dynamics during free growth; then study the 
dynamics of the model under migration; and finally, 
discuss the implications of our results. 

The model and its dynamics 

There are two different kinds of intraspecific competi¬ 
tion - ‘scramble’ and ‘contest’ - that contribute to popu¬ 
lation growth. ‘Scramble’ involves equal partitioning of 
resources and either all individuals survive and reproduce 
or the population goes extinct when resource is insuf¬ 
ficient. In the case of ‘contest’, some successful indi¬ 
viduals get all they require whereas some get insufficient 
for survival and reproduction^^ These two are the extreme 
forms and usually the situation is always mixed - there 
is some contest likely because some individuals will be 
more successful than others. The model proposed by 
Hassell'^ is based on the mortality and natality data of 
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a number of insects (see Table 1) which show density- 
dependent relationship due to intraspecific competition. 
The one-dimensional discrete equation representing the 
population size (N) at any two consecutive generations 
(r and f •+1) in this model is 

N(t+\) = [Ril+a.N{t)r'’]m, 

where R is the intrinsic growth rate, and a and b are 
constants defining the density-dependent feedback terms. 
On scaling X = a.N, the dimensionless form of the equa¬ 
tion becomes 

X(r+l) = [f?(l+X(f)r'']X(f). (1) 

This two-parameter equation (called Hassell model hence¬ 
forth) has been used for all theoretical studies in this 
work. Varying values of b describe intraspecific com¬ 
petition for resources — with b=l for pure ‘contest’, and 
b = oo for pure ‘scramble’. For 0<b<l, competition is 
only through different degrees of contest. All intermediate 
values of b, i.e. \<b<'=° signify varying combinations 
of scramble and contest in population growth. 

The return map“ {X(t) versus X(t+ 1) plot) of equation 
(1), like most other realistic single population discrete 
growth models^'•^^ has a single-hump growth function 
with a ‘tail’ extending to infinity as shown in Figure 
2. The gradient of the hump at the equilibrium point 
(where f{X) = X) becomes progressively higher as b 
increases for all b> I (Figure 2 a). The effect of in¬ 
creasing R for a fixed b is also similar (Figure 2 b), 
and both these parameters contribute towards increasing 


Table 1. Estimates of b and R from the analysis of insect life 
table data (from ref. 13) 


Species 

b 

R 

Moth: Zeiraphera diniana Gn, 

0.1 

1.3 

Bug: Anthocoris confusus (Reuter) 

0.5 

1.6 

Beetle: Phytodecta olivacea (Forst) 

0.3 

1.7 

Moth: Hyphantria ciinea Drury 

1.5 

1.7 

Scale: Parlatoria oleae (Colvee) 

0.7 

2.2 

Bug: Leptoterna dolobrata (L.) 

2.1 

2.2 

Moth: Erannis defoliaria (Clerk) 

0.4 

3.0 

Moth: Bupalus piniarius L. 

0.5 

3.1 

Parasitodi fly: Cyzenis albicans (F) 

0.5 

3.2 

Fly: Erioischia brassicae (L.) 

1.0 

3.3 

Moth: Cadra cautella Walk, 

0.3 

3.3 

Bug: Nezara viridula L. 

0.7 

4.3 

Moth: Operophtera brumata (L.) 

0.3 

5.5 

Bug: Nephotettlx cincticeps Uhler 

0.2 

6.1 

Moth: Erannis progemmarUi (Hb.) 

0.5 

6.3 

Moth: Anagasta kuchniella (Zell.) 

0.5 

8.6 

Bug: Meophilaenus lineatus (L.) 

0.4 

9.2 

Mosquito: Aedes aegypti (L.) 

1.9 

10.6 

Moth: Tyria jacobaeae L. 

0.4 

10.7 

Moth: Erannis leucophaearia (Schiff.) 

0.2 

11.2 

Moth: Acleris variana Fern. 

0.2 

13.0 

Bug: Saccarosydne saccharivora (Ww.) 

0.4 

13.5 

Parasitoid wasp: Bracon hebetor Say 

0.9 

54.0 

Beetle: Leptinotarsa decemlineata (Say) 

3.4 

75.0 


the instability in the system. Figure 3 shows the stability 
boundaries (solid lines) between different dynamical 
regions (stable, damped oscillatory, periodic, chaos) for 
variations of the density-dependent parameter b and the 
population growth rate R for this model. The broken 
line separates the stable limit cycle region from the 
region with higher period oscillations. Thus at low Z?, 
the system tends to be stable for a large range of growth 
rates, whereas at higher values of b, it can exhibit a 
range of dynamics from stability to chaos through period 
doubling bifurcations. 

In a study‘^ the abundance of twenty-four different 
insect populations in the field was considered (see Table 
1), and the life table was constructed to evaluate the 
population parameters b and R. Similar study was done 
on three laboratory populations of insects also. The pairs 
of b and R va.lues for each population were plotted 
with a circle on the stability graph of the model (Figure 
3) where filled circles and open circles represented field 
and laboratory populations respectively. As can be seen, 
most field populations tend to have b and R values 
clustering in the region of stable dynamics. These results 
generated the following views: 

- Some of the types of dynamical behaviour that are 
possible in theory, in fact, rarely occur in real, 
single-species populations; 



Figure 2. Return maps showing the one-hump nature of the Hassell 
model for (a) R = 20 and h = 2, 3, 4, 5, 6; (.b) b = 4 and /?=10, 20, 
30, 40. 
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- High order limit cycles and chaos appear to be a 
relatively rare phenomenon in naturally occurring 
single-species populations; 

- Evolutionary considerations suggest that extreme fluc¬ 
tuations are unlikely because the population would 
need to be very abundant or agile to persist. 

The laboratory populations, on the other hand, showed 
unstable dynamics and were viewed to be the result of 
internal dynamics as is expected from their tendency to 
scramble for resources in close confinement and for the 
general absence of density-independent mortalities. 

Population dynamics under migration 

In reality, population in an area does not live in isolation 
but interacts through different spatiotemporal connectivi¬ 
ties with other population patches (metapopulation). One 
of the ecological processes that contributes in a major 
way in determining population size, persistence and even 
its genetic composition is migration. Immigration can 
increase the size or aid in forming ‘refuge’ or ‘founder’ 
populations, whereas emigration can lead to population 
extinction or loss of diversity. Some related processes 
that act in a similar manner are recruitment, harvesting, 
vaccination, etc. These play significant roles in deter¬ 
mining the spatiotemporal dynamics of the metapopula¬ 
tion. Considerable amount of work has been done to 
elucidate the effect of density-dependent migration 
between two subpopulations with simple discrete models 
of single populationsHere we study the effect of 
density-independent migration on the dynamics of the 
Hassell model. We consider the case where the model 



Figure 3. Stability boundurie.s .in the R-b parameter .space of the 
Hassell modelThe solid lines separate the regions of different 
dynamics and the broken line separates the stable limit cycle region 
from higher periodic region. The closed circles correspond to data 
from Table 1 and the open circles for laboratory population data. 
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population undergoes a fixed amount of migration (L) 
at every generation after growth has taken place. The 
model equation (1) then takes the form 

X{t +l) = [R{l+ X{t)r X(t) + L, (2) 

where L>0 at immigration, and L<0 at emigration. 
The effect of -hL on the return maps (Figure 2a & b) 
is to elevate the hump above the X-axis, and that of 
~L is to push it down, thereby shortening the ‘tail’ of 
the hump. In the following sections, we show the effects 
of a small amount of constant immigration and emigration 
(±L) on the dynamics of population growth in the 
Hassell model. 

All our results on the long-term dynamics of the 
Hassell model are shown through bifurcation diagrams^^ 
where the population size (X) for a large number of 
generations is plotted for variation of the parameter of 
interest (e.g., R,b, or L) after discarding initial 1000 
generations. In these diagrams, a population at equilib¬ 
rium is shown as one point representing its stable size. 
When the population size repeats every second genera¬ 
tion, it is represented by two points and is called a P-2 
oscillation. Similarly for higher period oscillations such 
as, P-4, P-8, etc., population size repeats every 4th and 
8th generations. When the size varies irregularly without 
repeating itself, it is quasiperiodic or chaotic. At chaos 
the population attains many sizes at different generations 
and the regions in the bifurcation diagram get filled up 
with many points. Thus these diagrams give a clear 
idea of the dynamics exhibited by the model for a range 
of parameter values. 

\ 

Ejfect of small migration on the dynamics of 
the model with increasing growth rate 

It is known that population dynamics in this model 
becomes increasingly complex as the growth rate R is 
increased for b>\. Figures 4 and 5 show bifurcation 
diagrams for two cases (/? = 4 & 6) where the population 
undergoes a small amount (L = 0.05) of immigration and 
emigration during growth with varying intrinsic growth 
rates (0<7?<70). The dynamics of free growth for 
6 = 4 (Figure 4 6) changes from stable to P-2 and P-4 
as R increases. The changes in the dynamics towards 
suppression of higher order oscillations under small 
immigration (Figure A a), and towards more complex 
dynamics under emigration (Figure 4 c) are clear. Similar 
results are observed for the case of 6 = 6 (Figure 5). 
In this case, during free growth (Figure 5 6) the popu¬ 
lation goes through a range of dynamics from equilibrium 
to oscillatory to chaos complete with periodic windows^^^ 
as R increases. But there is complete suppression of 
chaos under immigration (Figure 5 a) and early onset 
of higher order oscillations and chaos under emigration 
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(Figure 5 c), In addition to the above, the population 
is also unable to balance even such small amount of 
fixed emigration at every generation and goes extinct 
(Figure 5 c) at a much lower growth rate compared to 
the case with b-A (Figure 4c). The major results from 
this study are: 

- A small amount of constant immigration increases 
stability and emigration enhances instability in 
dynamics at all growth rates. 

- Ability to balance small emigration reduces consid¬ 
erably at higher growth rates for higher b. 


Ejfect of migration on the dynamics of the 
model with increasing b 

Higher b indicates increased amount of scrambling in 
intraspecific competition and it also induces instability 
in the system. Figures 6 and 7 are the bifurcation 
diagrams showing the effect of increasing b in the 
dynamics of free growth and for populations undergoing 
migration at a low (R=10, in Figure 6) and a high 
(R-50, in Figure 7) growth rate. Figure 6 shows that 
slower-growing organisms (R-\0) exhibit only equili¬ 
brium and P-2 dynamics at free growth (Figure 6 b) in 
the range of b studied here. A relatively high rate of 
immigration and emigration (L = 0.3) induces stability 



(Figures 6 a & c), but extinction occurs under emigration. 
For a faster-growing population (R = 50) exhibiting the 
full range of period doubling dynamics and chaos (Figure 
lb), a much smaller immigration rate (L = 0.02) com¬ 
pletely suppresses chaos (Figure 7 a), But in contrast 
to Figure 6 c, in this case emigration enhances unstable 
dynamics (Figure 7 c) and extinction occurs at a lower 
b. The main results from this study are: 

- There is complete suppression of chaos under small 
amount of constant immigration for a large range 
of b. 

- The dynamic response to emigration for increasing b 
is growth rate dependent — stable at lower R, but 
induce early instability at higher R, 

- There are two modes of population extinction under 
emigration - (a) preceded by large amplitude chaotic 
oscillations, and (b) while exhibiting stable dynamics. 


Effect of increasing migration on the dynamics 
of the model with different b 

To show the effect of increasing amounts of migration 
on the dynamics of populations having different b, we 
choose a population (R-20) which shows stable and 
P-2 dynamics for 2 < Z? < 5 during free growth. The three 
bifurcation diagrams for b = 2, 3 and 4 in Figure 8 a 
exhibit the growth dynamics of such a population un¬ 
dergoing increasing levels of emigration. As is observed 
earlier, Figure 8 a also shows that populations with 
higher b can balance less emigration and extinction 



Figure 4. Dynamics of the model population {b-A) with increasing 
growth rate during {a) immigration L = 0.05, {b) free growth, and (c) 
emigration L = 0.05. 


Figure 5. Dynamics of the model population {b = 6) with increasing 
growth rate during (a) immigration L = 0.05, (b) free growth, and (c) 
emigration L = 0.05. 
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occurs at lower L as b is increased (for b-2 extinction 
occurs by L = 4.2). The other interesting fact that is 
seen in the plots in Figure S a is that for b-3 and 4 
the dynamic complexity first increases and then decreases 
with increasing emigration, and extinction occurs during 
the stable dynamic mode. For b-4, a freely-growing 
population shows P-2 oscillation in its size. As emigration 
rate increases, its long-term dynamics goes through 
period-doubling oscillations (P-4, P-8, etc.) to chaos. 
But this trend is reversed as migration rate is increased 
further, and there is reversal from chaos to stability 
through period-halving bifurcations. 

The bifurcation diagrams in Figures 8 b and c exhibit 
the growth dynamics of the population (/? = 20) at a 
higher b (b = 5) undergoing increasing levels of emigra¬ 
tion and immigration respectively. Figure 8 b shows an 
unusual survival-extinction behaviour of the population 
with increasing emigration. Here the model population 
survives for small and high emigration rates but shows 
extinction for intermediate range of emigration rates. 
Other than this, the population follows all the other 
features such as, increase and decrease of dynamic 
complexity, and extinction at lower emigration rate as 
seen in Figure 8 a. Figure 8 c shows the dynamics of 
population growth under immigration and it follows the 
general trend of increasing stability by suppression of 
oscillation as immigration rate increases. These results 
have the following important implications: 

- Increasing b shows increased dynamic complexity as 
emigration increases up to a certain range, but then 
show period reversal and suppress instability to finally 
exhibit stable dynamics before extinction. 

For higher b or R there is an intermediate range of 
emigration rate at which the population go extinct, 



Figure 6. Dynamics of a slow-growing (/?=10) model population 
with increasing b during (a) immigration L=0.3, {b) free growth, and 
(c) emigration L = 0.3. 


though it can survive at lower and higher emigration. 
- Immigration induces stability. 

Implications of the results 

The two main arguments that are forwarded against the 
relevance of chaos in ecological systems have been 
based on: a) field data of a large number of insect 
populations, when fitted in a realistic discrete growth 
model, have population parameters corresponding to 
stable dynamics, and b) chaos increases the risk of 
extinction because of the violent oscillations associated 
with it. We have shown, through the study on the 
specific model used for fitting the insect data sets, that 
both these points can be argued against. 



e b 


Figure 7. Dynamics of a fast-growing (f? = 50) model population with 
increasing b during {a) immigration L-Q.Q2, (b) free growth, and (c) 
emigration L = 0.02. 
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First, when dispersal, a common ecological process 
in nature, is considered in this model. It shows sup¬ 
pression of higher order oscillations and chaos even in 
populations having intrinsic growth rate which predict 
irregular (chaotic) growth dynamics. Thus the observed 
stable dynamics in natural insect populations does not 
necessarily mean that the population parameters have to 
be in the stable region in the model. They can have R 
or b in the unstable region, but could show stable 
dynamics by suppressing chaos due to migration. This 
justifies one of the reservations mentioned by the authors 


of the study^^ that their model ‘does not take explicit 
account of migration and dispersal, and may give a 
misleading account of some natural populations’. The 
fact that single populations in the laboratory did show 
unstable dynamics under controlled conditions implies 
the existence of nonlinear interactions which contribute 
to complex dynamics in these systems. Here, in this 
realistic model for insect populations, we have shown 
that immigration always suppresses unstable dynamics, 
and even high emigration induces reversal to stability 
for populations having varied population parameters. 
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Figiiro 8. Dynamics of llic mode! population (/?=20) with increasing migration 
(L) for {a) during emigration for /? = 2, 3, 4; {b) during emigration for b = 5\ and 
(c) during immigration for b = 5. 
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TTius the field population data'* need not argue against 
chaos in natural ecological systems. 

Secondly, the evolutionary argument against chaos 
stems from the belief that chaotic oscillations involve 
large amplitude fluctuations in size (‘boom and bust’), 
coupled with very low minimum value which increases 
the risk of extinction of population under small envi¬ 
ronmental perturbations. The point to remember in this 
regard is that it is not chaos which makes the population 
vulnerable, but the violent oscillations and low minimum 
size that are the culprits. This is clearly seen in Figure 
8 a and b. As long as the amplitude of fluctuations in 
population size remains small and the minimum size is 
not too low, populations can survive and exhibit chaotic 
dynamics under both low and high rate of emigration. 
On the other hand, large amplitude fluctuations with 
very small minimum lead to extinction under small 
emigration rate as shown in Figure 8 b. There have been 
studies^^’^^’^'^ which have correlated large coefficient of 
variation in size and small population size with high 
risk of extinction. Thus there seems to be no reason 
for chaotic dynamics per se to be selected against during 
evolution and the erratic fluctuations observed in time 
series data (of the kind shown in Figure 1) can as well 
exhibit intrinsic chaotic dynamics. 

Some of the results of this model have been shown 
to occur in other simpler single population models^^”^"^, 
indicating its generality in ecology. Therefore, the fluc¬ 
tuations in population size observed in nature can 
represent inherent chaotic dynamics, and the ‘stable 
dynamics’ found in field populations may be a case of 
suppression of chaos due to simple ecological processes. 
This, of course, does not imply that there is no role 
of ‘environmental noise’. It is possible to get similar 
fluctuations in data (as in Figure 1) when ‘noise’ is 
superimposed on stable or limit cycle dynamics. In fact 
the variability observed in nature most likely is a 
combination of environmental stochasticity and from the 
nonlinear interactions inherent in ecological systems 


1. May, R. M., Nature, 1976, 261, 459-467. 

2. Soule, M. E, (ed.), Viable Populations for Conservation, Cambridge 
University Press, Cambridge, 1987. 

3. Clark, C. W., Bioeconomic Modelling and Fisheries Management, 
Wiley, New York, 1985. 

4. Getz, W. M. and Haight, R. G., Population Harvesting: Demographic 
Models of Fish, Forest, and Animal Resources, Princeton University 
Press, Princeton, 1989. 


5. Anderson, R. M. and May, R. M., Infectious Diseases of Humans: 
Dynamics and Control, Oxford University Press, 1991. 

6. Krebs, C. J., Ecology-The Experimental Analysis of Distribution 
and Abundance, Harper & Row, New York, 2nd edn, 1978. 

7. Gotelli, N. J., A Primer of Ecology, Sinauer Associates, Inc., 
Sunderland, M. A., 1995. 

8. May, R. M., Science, 1974, 186, 645-647. 

9. May, R. M., J. Theor. Biol, 1975, 51, 511-524. 

10. Elton, C., Animal Ecology and Evolution, Oxford University Press, 
New York, 1930. 

11. Sinclair, A. R. E., Ecological Concepts (ed. Cherrett, J. M.), 
Blackwell Scientific, Oxford, 1989, pp. 197-241. 

12. Sugihara, G., Grenfell, B. and May, R. M., Philos. Trans. R. Soc, 
London B, 1990, 330, 235-251. 

13. Hassell, M. P., Lawton, J. H. and May, R. M., J. Anim. EcoL, 
1976, 45, 471-486. 

14. Berryman, A. A. and Millstein, J. A., Trends EcoL Evol, 1989, 4, 
26-28. 

15. Berryman, A. A., Trends EcoL EvoL, 1992, 7, 316. 

16. Pimm, S. L., Jones, H. L. and Diamond, J., Am. Nat., 1988, 132, 
757-785. 

17. Allen, J. C., Schaffer, W. M. and Rosko, D., Nature, 1993, 364, 
229-232. 

18. Hassell, M. P., J. Anim. EcoL, 1974, 44, 283-296. 

19. Hassell, M. P., The Dynamics of Competition and Predation, The 
Camelot Press, Southampton, 1976. 

20. Devaney, R. L., An Introduction to Chaotic Dynamical Systems, 
Benjamin/Cummings, California, 1986. 

21. May, R. M. and Oster, G. F., Am. Nat, 1976, 110, 573-599. 

22. Gyllenberg, M., Hanski, I. and Lindstrom, T., Bull. Math. Biol., 
1997, 59, 679-705. 

23. Gadgil, M., Ecology, 1971, 52, 252-261. 

24. Levin, S. A., Am. Nat, 1974, 108, 207-228. 

25. Hastings, A.^ Ecology, 1993, 74, 1362-1372. 

26. Leigh, E. G., J. Theor. Biol., 1981, 90, 213-239. 

27. Karr, J. R., Ecology, 1982, 63, 1975-1978. 

28. Holt, R. D., Population Biology - Lecture Notes in Biomathematics, 
Springer, Berlin, 1983, vol. 52, pp. 25-32. 

29. McCallum, H. I., J. Theor. Biol., 1992, 154, 277-284. 

30. Stone, L., Nature, 1993, 365, 617-620. 

31. Sinha, S. and Parthasarathy, S., J. Biosct, 1994, 19, 247-254. 

32. Parthasarathy, S. and Sinha, S., Phys. Rev. E, 1995, 51, 6239-6242. 

33. Sinha, S. and Parthasarathy, S., Proc. Natl. Acad. Sci. USA, 1996, 
93, 1504-1508. 

34. Sinha, S. and Das, P. K., Pramana-J. Phys., 1997, 48, 87-98. 

35. Schaffer, W. M, and Kot, M., Chaos, Princeton University Press, 
Princeton, 1986, pp, 158-178. 

36. (a) Fujii, K., Res. PopuL EcoL, 1968, 10, 87-98; (b) Schaffer, 
W. M. and Kot, M., J. Theor. Biol., 1985, 112, 403-427; (c) 
Dennis, B., Desharnais, R. A., Cushing, J. M. and Constantino, 
R. E., EcoL Monogr., 1995, 65, 261-281. 


ACKNOWLEDGEMENT. This work is part of a project supported 
by the Department of Science & Technology, New Delhi. 


956 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


SPECIAL SECTION; MODELLING IN BIOLOGY 


Mathematical modelling of insulin kinetics 


Gita Subba Rao, J. S. Baj^* and J. Subba Rao** 

Deapartment of Biophysics, All India Institute of Medical Sciences New Delhi 110 029. India 
♦Member. Planning Commission, Yojana Bhawan, New Delhi 110 001, Mia 
♦♦School of Environmental Sciences, Jawaharlal Nehru University, New Delhi 110 067, India 


Wb review a general mathematical model which incor- 
porates beta-cell kinetics and a gastrointestinal absorp¬ 
tion term for glucose into a glucose-insulin feedback 
system. The model comprises of a set of four nonlinear, 
coupled ordinary differential equations. Numerical 
simulations lead to time variations of plasma glucose 
and insulin levels that are consistent with clinical 
observations in normal groups. The results obtained 
after suitable changes in some of the parameters are 
in agreement with the clinical profiles and laboratory 
data in all the clinical categories of diabetes melhtus, 
viz. insulin-dependent diabetes mellitus, non-insulin- 
dependent diabetes mellitus, and malnutrition related 
diabetes mellitus, in response to a glucose challenge. 
Linear stability analysis in each case gives an indication 
of the metabolic factor(s) responsible for the particular 
disorder. Finally, the possible use of sensitivity analysis 
in the therapy of diabetes mellitus is discussed._ 


The secretion of insulin and its biological effectiveness 
in response to a glucose load are determined mainly by 
the beta cell number and function in the pancreas and 
peripheral resistance to insulin action. A reduced secre¬ 
tory response of insulin, with or without an increase in 
peripheral resistance to its action, leads to glucose 
intolerance which is the hallmark of diabetes mellitus. 

Diabetes mellitus can be clinically categorized into 
three distinct types according to the WHO classification . 
These are (i) insulin-dependent diabetes mellitus (IDDM), 
(ii) non-insulin dependent diabetes mellitus (NIDDM), 
and (iii) malnutrition-related diabetes mellitus (MRDM). 
Whereas a reduction in or a loss of insulin secretion 
by the beta cells is a feature of IDDM, a significant 
decrease in the biological effectiveness of the hormone 
occurs in NIDDM. NIDDM is clinically categorized as 
obese and non-obese. Patients with obese NIDDM exhibit 
varying degrees of glucose intolerance, even though 
plasma insulin levels are generally elevated when com¬ 
pared to non-obese controls. There is thus a resistance 
to insulin action and this is known to be mainly at, or 
beyond the insulin receptors located on the plasma 
membranes of target cells. The third type of diabetes 
mellitus (MRDM) is prevalent in the developing coun¬ 
tries. Experimental observations on a sub-type of MRDM, 
namely protein-deficient diabetes mellitus (PDDM) 
indicate a sub- optimal response of the beta cells, but 
the pathophysiology is not well understood. 

In an attempt to gain a better insight into the patho- 
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physiology and to identify the primary metabolic factor(s) 
responsible for the particular type of diabetes mellitus, 
it is desirable to formulate an integrated mathemati¬ 
cal model that incorporates beta-cell kinetics into a 
glucose—insulin feedback relationship. The model should 
be such that the same set of equations, with suitably 
adjusted parameter values should lead to results that are 
consistent with the clinical and metabolic profiles of 
glucose and insulin in normal controls as well as in 
subjects with the three types of diabetes mellitus. 

Among the earliest mathematical models, the simplified 
model proposed by Ackerman et al? and its modifica¬ 
tions^'^ have been successful in describing the mathe¬ 
matical relationship between the kinetics of glucose and 
insulin in plasma. A survey of these earlier methods 
was made by Atkins^ who observed that these models 
were based on very small and short data sets, and were 
not consistent with known physiological data. A very 
significant contribution towards the physiological under¬ 
standing of glucose tolerance with the help of mathe¬ 
matical modelling was made by Bergman et al.\ Based 
on the frequently sampled intravenous glucose tolerance 
test (FSIGT), a minimal model was proposed for the 
estimation of the physiological parameters in the model 
equations for a single individual from a single FSIGT. 
The glucose levels predicted from the model with the 
insulin time course as the input are compared with the 
measured glucose levels. Values of the equation para¬ 
meters are then adjusted automatically until the glucose 
pattern is fitted, based on known insulin. 

None of the above models explicitly includes either 
beta-cell kinetics, or a gastrointestinal absorption terra 
which is necessary for modelling the oral glucose tol¬ 
erance test (OGTT), the most commonly used diagnostic 
procedure for estimating glucose tolerance. ^ 

We present here a mathematical moder', which 
incorporates both the beta-cell kinetics and a gastrointestinal 
absorption term into a glucose-insulin feedback relationship. 

The mathematical model 

The starting point of the model is the glucose-insulin 
feedback relationship proposed by Ackerman et al. , 
which is described by the following differential equations; 

f 
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where G and H are the plasma glucose and insulin 
levels respectively, and /, through are parameters. r“ 
If G and H are replaced by the difference from the 
corresponding fasting levels, the equations simplify to 

dh j j , j 

—=-Lh+Lg 


dt ^ ^ 

where g = G-Gp, Hp and being the 

fasting concentrations, which in this case have been 
taken to be the same as the steady state values. However, 
this may not be true as pointed out by some authors^, 
who have demonstrated the existence of oscillations in 
the basal (fasting) levels of glucose and insulin. 

Assuming the fasting concentrations to differ from 
the steady state values by constant values, equations (1) 
simplify to 

^=-l,g-hh + C„ 

where C, and are constants. 

We consider the beta cell kinetics from the point of 
view of transformation to the proliferation phase, mul¬ 
tiplication ..lid elimination, which can be modelled by 
the following differential equation: 

^^=R^g{T-b)-^R^b{T-b)-R,b, (3) 

where b is the number of beta cells in the proliferation 
phase, T is the total number of beta cells, and 
are parameters. The parameters ai'e chosen in 
such a way that the numerical solution of eq. (3), in 
response to a constant glucose stimulus, gives steady state 
saturation values consistent with those obtained by Swenn^^\ 
In order to incorporate beta cell kinetics, we consider 
the model of Turner et al}\ according to which, if 
there is a decrease in insulin secretion due to a reduction 
to UN of the normal number, x, of beta cells the basal 
plasma glucose increases until near normal basal insulin 
levels are obtained. Thus, the basal plasma glucose level 
is a function of the beta cell capacity {N/x), We make 
use of this relationship in the glucose-dependent loss 
term of eq. (2). The 'model for the intravenous 

glucose tolerance test (IVGTT) is then given by 


30 60 90 120 150 ISO 

Tlm« (min) 


Figure 1. Time variation of rate of absorption, w, of glucose. (One 
division on the y axis is equal to 0.01 units.) 


where R^ through R^ are parameters. 

The parameters of the model have a meaning in terms 
of the pathophysiology of glucose metabolism and insulin 
kinetics. As explained earlier, R^ represents beta-cell 
capacity. The parameter R^ is related to the peripheral 
resistance to insulin action. The smaller the value of 
R^, the larger is the resistance (the sensitivity to insulin 
is smaller). R^ represents the insulin secretory function 
of beta cells in response to change in glucose levels, 
while represents the glucose-independent insulin loss. 

The gastrointestinal absorption term 

In order to model OGTT, we introduce in the time 
variation of glucose (g), a term proportional to g with 
a rate constant w, which is itself a function of the form 

dW , 2 /'C\ 

— =- aw -\- apw\ (5) 

where a and p are constants. The solution of this 
equation is given by 

vp=l/(p + e^0 

and the graphical representation of this function is shown 
in Figure 1. 

The inclusion of the glucose absorption term then 
leads to the following mathematical model 

^=R^ g{T-b) + R.b{T-b)-R,b 


^ =R, g{T-b) + R,biT-b)-R^b 


^ =R^N/B-R^ lT+ C^ + wg 

%=R,N/b-R,h + C, 

(4) 

^=R,g-R,h + C, 

^=R,g-R,h + C„ 


dw , 7 

_ =-aw + apw‘'. 
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It can be seen that, by setting w = 0, the model reduces 
to that for IVGTT. 

Data 

The values of the parameters /?p and were chosen 
as described above. The values for R^ and R^ were 
taken from observed data on normal humansand the 
value of was chosen to be of the same order as 
i? 5 . The values of NR^, C,, and T were arbitrarily 
chosen, while those of a and p were chosen to give 
results consistent with laboratory data in normal humans. 
The complete set of parameters and assigned values for 
normal controls are given in Table 1. 

Numerical simulations 

The set of four nonlinear, coupled ordinary differential 
equations (6) were solved numerically on a PC-486 by 
the Runge-Kutta-Merson scheme. 

Results in normal controls 

Basal glucose and insulin concentrations. The eqs (6) 
were integrated with initial conditions b = 20, g~h = 
w = 0, and the resulting curves are shown in Figure 2. 
The glucose and insulin levels are seen to oscillate 
before reaching the steady state values. In addition, the 


glucose oscillations are seen to lead the insulin oscil¬ 
lations. This is in accordance with the observations of 
Goodner et al^. 

Glucose and insulin levels in response to an intravenous 
glucose stimulus. The initial conditions in this case are 
b = 20, g-20, b-w = Q and the results are shown in 
Figure 3. The glucose curve is seen to contain a minimum 
whose value is less than the steady state concentration, 
in agreement with experimental normal glucose-tolerance 
curves^ Also seen in the same figure is the biphasic 
(two maxima) nature of the insulin curve, a feature 
which has been experimentally reported by Kanazawa 
et al}^. The second insulin peak becomes more pro¬ 
nounced if the value of R^ is increased. This is clearly 
visible in Figure 4, for a three-fold increase in Ry Most 
of the earlier models were unable to give this biphasic 
response. Another point of agreement with experiment^ 
is that the insulin concentration (Figure 3) reaches its 
maximum value within about 6 min and this value is 
about 6 times the steady state value. 

Glucose levels in response to an intravenous injection 
of insulin. The insulin sensitivity test was simulated 
by using initial conditions b = 20, ^ = w = 0, and 
h = 20, and the results are shown in Figure 5. A fall 
in glucose concentration to about 40% of the steady 
state concentration is seen which is in good agreement 
with the experimental value of about 38% (ref. 15). 


Table 1. Values of parameters for normal controls 


R-i ^^4 ^5 h ^7 ^2 

0.0003 0.0001 0.0025 15.03 0.05 0.054 0.055 O.l 0.3 



Figure 2. Theoretical basal glucose (^0 insulin (/i) levels in 
normal controls. Glucose and insulin values are in arbitrary units. (One 
division on y-axis = 10 units). 
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Figure 3. Theoretical time behaviour of glucose and insulin levels 
in response to an IV glucose load in normal controls (Axes as in 
Figure 2). 
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Application to IDDM 

Evidence suggests that IDDM is a slowly progressive 
disorder characterized by a genetic susceptibility to 
develop immune-mediated inflammation in the islets of 
Langerhans, eventually leading to a complete beta-cell 
destruction’At the time of clinical presentation, mod¬ 
erate to severe hyperglycemia is invariably present on 
account of marked insulinopenia, both in the basal state 
as well as following meals. The patients therefore require 
exogenous administration of insulin for survival; hence 
the term insulin-dependent diabetes mellitus. 

The endocrinic and metabolic profiles of blood glucose 
and plasma insulin in IDDM and the corresponding 
profiles of age, sex and weight matched normal controls 



Figure 4. Theoretical time behaviour of glucose and insulin levels 
in response to an IV glucose load in normal controls, but with 
equal to three times the value in Figure 3 (Axes as in Figure 2). 



Figure 5. Theoretical fall in blood glucose level after IV injection 
of insulin in normal controls. (One division on 3'-axis = 5 units). 
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are shown in Figures 6 and 7. It can be seen that in 
the basal state there is marked hyperglycemia and 
insulinopenia. Following oral administration of glucose, 
there is a further exacerbation of hyperglycemia without 
significant rise in plasma insulin. 

Parameter values for normal controls 

It was found that the same set of parameter values as 
given in Table 1, along with two additional parameters, 
fl = 0.06 and p = 20.7 gave results consistent with the 
glucose and insulin profiles of normal controls during 
OGTT. 

Parameter values in IDDM 

The parameters of the model were varied (increased or 
decreased from the ‘normal’ values) in order to determine 
which parameter(s) could discriminate between normal 
controls and cases of IDDM. It was found that the 
results for IDDM were obtained by the following vari¬ 
ations in the parameters; 

NR^ = {NR;f/A, R^ = R^/2.5, T=T^/5, 

C,=0.03C", C2 = 0.01C", 

where the symbols with superscript 0 refer to the 
corresponding ‘normal’ values. 



Figure 6. Oral glucose tolerance test (OGTT) in normal controls 

(0-^ 0) and IDDM (•-•) showing significantly higher levels 

of glucose in IDDM compared to normal. 
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Results of numerical simulations 

Basal glucose and insulin concentrations 

Equations (6) were integrated with initial conditions 
& = 20, g = /i = w = 0. The resulting glucose and insulin 
levels in IDDM and their comparison with the normal 
levels are shown in Figure 8. The curves indicate a 
higher fasting level of glucose and a lower fasting level 
of insulin in IDDM in accordance with the observed 
endocrinal and metabolic profile of these subjects. 

Glucose and insulin levels during OGTT 

The initial conditions used in this case were 
fo = 20, g = /i = 0, w = 0.046. The results are shown in 



Figure 7. Serum insulin during OGTT showing a lower fasting level 
and an insignificant rise in IDDM. Normal (0 O) and IDDM 
(•-•). 



30 60 90 120 150 100 

Time (min) 


Figure 8. Theoretical basal glucose and insulin levels showing a 
higher steady state value of glucose and a lower steady state value 

of insulin in IDDM. Normal (-), IDDM (-). Glucose and insulin 

values are in arbitrary units. (One division on y-axis equals 10 units 
for glucose and 5 units for insulin.) 
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Figure 9. There is approximately a three-fold increase 
in the maximum glucose concentration and a six-fold 
increase in the maximum insulin concentration as com¬ 
pared to the normal controls. The sluggish insulin 
response can also be seen. Thus, numerical simulations 
using the model are found to be consistent with clinical 
observations on glucose and insulin levels in the normal 
group as well as in IDDM, under different experimental 
conditions, viz. basal levels without any perturbations 
and during OGTT. 



.. 

30 60 90 120 150 180 


Time (min) 

Figure 9. Theoretical time behaviour of glucose and insulin levels 
in response to oral glucose administration, showing very high levels 
of glucose and a very small and sluggish insulin response in IDDM. 
(Axes as in Figure 8) Normal (-). IDDM (-). 



Figure 10. OGTT in normal controls (o-0) and non-obese 

NIDDM (•-•) showing higher glucose levels with a delayed peak 

compared to normal controls. 
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Predictions of the model. Since many parameters had 
to be changed, identifying the primary metabolic factor 
responsible for the onset of IDDM is not straightforward. 
On doing a linear stability analysis of the model for 
the normal and IDDM cases, the nature of the stability 
was found to be different. In order to identify which 
parameter(s) contributed to the change in the nature of 
the stability, each of the parameters NR^ R^, T, 
Cj and were changed to the corresponding IDDM 
value, keeping all the others fixed at their normal values. 
It was found that the critical parameter was R^. This 
would suggest that there is a critical value of the 
beta-cell function represented by R^ at which there is 
a transition to the IDDM state. Evidence suggests that 
there is a pre-hyperglycemic stage in the natural history 
of IDDM, during which there is a slow progressive 
immune-mediated destruction of beta cells, at times 
indicated by a slow and progressive loss of early phase 
insulin release*^. However, in such subjects, normo- 
glycemia continues to exist, possibly because of com¬ 
pensating mechanisms. The pre-hyperglycemic stage may 
last as long as eight years, after which, through a stage 
of progressively decreasing beta-cell function, the 
hyperglycemic phase of IDDM manifests itself. The 
decrease in T is consistent with clinical and pathological 
findings that IDDM is characterized by inflammation 
and resulting destruction of beta cells. Consequently, in 
trying to maintain normal levels of glucose, the residual 
beta cells are stressed, leading to a diminution in both 
beta cell capacity and function, i.e. a reduction in 
NR^ and R^, as found in our model. 



Figure 11. Serum insulin during OGTT. Normal (o-o) and 

non-obese NIDDM (•-•). 


Application to NIDDM 

Non-obese NIDDM 

The time variations in blood glucose and plasma insulin 
concentrations in patients with non-obese NIDDM and 
the corresponding profiles for the controls are shown 
in Figures 10 and 11. It can be seen that higher glucose 
levels with a delayed peak compared to the controls 
are present at all times in the non-obese NIDDM cases. 
The glucose levels do not return to normal levels even 
beyond 180 min. The insulin levels, on the other hand, 
are lower than normal to begin with and approach the 
normal levels beyond 180 min. A sluggish rise in insulin 
levels in NIDDM can be seen. 

The observed data can be fitted with the following 
choice of parameters: 

NR^ = {NR^f/A\ R^ = R^/\.25\ R^ = and 



30 60 30 120 150 160 


Figure 12. Theoretical basal glucose and insulin levels. Normal 
(-) and non-obese NIDDM (-). 



30 60 30 120 150 130 

T \ C m1n 5 

Figure 13. Theoretical glucose and insulin levels in response to a 
glucose load. Normal (-) and non-obese NIDDM (- ). 
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with an initial rate of absorption, = 0.046. The resulting 
curves are shown in Figures 12 and 13. 

Obese controls and obese NIDDM 

The observed data (Figures 14 and 15) show that, 
whereas the glucose levels in obese controls are not 
too different from those in non-obese controls, there is 
a three-fold increase in the insulin peak with no delay 
compared to non-obese controls. In the case of obese 
NIDDM, the insulin peak is almost as high, but delayed 
compared to obese controls. Glucose levels are also 
elevated two-fold, with the peak being delayed compared 
to obese controls. Furthermore, both the glucose and 
insulin levels in obese NIDDM remain elevated at all 
times and do not return to normal levels even after 180 
min. The observations can be modelled by the following 
changes in parameters. 

Obese controls 

= 7?“/2.5; R, = 4/?"; R, = 1.757?"; C, = 3C'’; 

= 0.048. 

Obese NIDDM 

NR^ = (NRJV10\ R, = /?‘'/6.75; 7?^ = 2R ”; 

/?, = 1.75/?‘’; a = 0.095; w,) = 0.048; 



IlME (MIN) 

Figure 14. OGTT in obese NIDDM. Normal (□-□), obese normal 

(0-0), obese NIDDM (•-•). 
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The results for the basal levels and OGTT are shown 
in Figures 16 and 17. Thus obese controls are charac¬ 
terized by a four-fold increase in beta-cell function, an 
increased peripheral resistance in insulin action and an 
increased initial rate of gastro-intestinal absorption of 
glucose compared to non-obese controls. These changes 
correlate well with patho-physiological findings'®. 

In comparison with the corresponding controls, both 
obese and non-obese NIDDM appear to occur as a result 
of decreased beta-cell capacity and function and an 
increased peripheral resistance to insulin action. An 



30 60 90 120 150 180 

TIME ( MIN ) 


Figure 15. Serum insulin levels during OGTT. Normal (D- □), 

obese normal (0-O) and obese NIDDM (•-•). 



30 6 0 90 I Z a 190 

T i C min 5 


Figure 16. Theoretical basal glucose and insulin levels. Normal 
obese normal (-) and obese NIDDM (-—). 


963 











SPECIAL SECTION: MODELLING IN BIOLOGY 


increase in non glucose-dependent insulin loss is also 
a key feature in non-obese NIDDM. The results of a 
linear stability analysis shows that there is no change 
in the nature of the stability between obese and non-obese 
controls. However there is a change in going from the 
controls to the corresponding NIDDM case. As done in 
the case of IDDM, the critical parameter in the obese 
case seems to be peripheral resistance to insulin while in 
the non-obese case it appears to be the non glucose- 
dependent insulin loss. This is in agreement with the 
results of the model proposed by Bergman et al^. 

Application to PDDM 

The experimental observations in this case comprise of 



30 60 30 1S0 1S0 160 

T1ma (mini 


Figure 17. Theoretical glucose and insulin levels in response to an 

oral glucose load. Normal obese normal (-) and obese NIDDM 

(-). 


o-o NORMAL 



.t MINS 

l/V Glucose 

Figure 18. IVGTT in normal (control, o-o) and protein-deficient 

(experimental, •-•) groups. 
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laboratory data on animal experiments using a model 
of protein malnutrition in the rhesus monkey, which 
were conducted to investigate the effect of isocaloric 
diets, Identical in all respects but selectively deficient 
in protein’Previous morphological and pathological 
studies had shown that classical changes of protein 
malnutrition were established by six weeks of protein- 
deficient diet^’. 

The glucose and insulin profiles following intravenous 
(IV) injection of glucose are shown in Figures 18 and 
19. The fasting blood glucose and serum insulin are 
lower than normal. Following the IV glucose challenge, 
the glucose levels are higher than normal while there 
is a significant reduction in the insulinogenic response. 


INSULIN RESPONSE TO l/V GLUCXiSE 



0 5 10 20 30 40 50 60 

t MINS. 

l/V Glucose 


Figure 19. Serum insulin during IVGTT showing significant reduction 
in the insulinogenic response in protein-deficient groups, but without 

any delay in the first phase of insulin release. Noniial (o-O), 

protein deficient (•-•). 



Figure 20. Fall in blood glucose level on IV administration of insulin 
showing a persistence of hypoglycemia in the protein-deficient group. 
Normal (0-0), protein-deficient (•-•). 

CURRENT SCIENCE, VOL. 73. NO. 11, 10 DECEMBER 1997 











SPECIAL SECTION: MODELLING IN BIOLOGY 


r 

f 


\ 

7 



Figure 20 depicts the fall in glucose levels following 
IV injection of insulin. A significant decrease in blood 
glucose and persistence of hypoglycemia is observed in 
the experimental group after six weeks of malnutrition. 
The observations indicate a sub-optimal response of the 
beta-cells in PDDM which may be due to several factors, 
leading to a reduction in either beta-cell number oi 
function or both. No conclusive experimental evidence 
exists in favour of any one of the three possibilities. 

Change of parameters for PDDM 

It was found that the results could be obtained by 
changing only one pai'ameter, Rf^ to half its normal 
value. The results of numerical simulation are shown 
in Figures 21 and 22. They are entirely consistent with 
the experimental findings that: i) The steady-state values 
after the initial oscillations in the basal concentrations 



Figure 21. Theoretical time behaviour of glucose and insulin levels 
in response an IV glucose load. Normal ( ), PDDM ( ). 



Figure 22. Theoretical fall in blood glucose level after IV injection 
of insulin. Normal (-), malnutrition (-). 
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of glucose are lower in PDDM; ii) Insulin response 
following a glucose challenge is reduced; iii) There is a 
significant drop in glucose levels following an IV injection 
of insulin and persistence of hypoglycemia in malnutrition. 

Thus the model predicts that it is the beta cell function 
and not the number which gets diminished in protein 
malnutrition. Linear stability analysis of the equations 
indicates that the nature of stability does not change 
with a decrease in 


Sensitivity analysis 

Sensitivity analysis of the equations gives an idea of 
how the glucose and insulin concentrations will vary 
with small changes in parameter values and initial con¬ 
ditions. Sensitivity to changes in pai'ameter values pro¬ 
vides an insight into the pathophysiology of diabetes 
mellitus. while that to changes in initial conditions gives 
an indication of how sensitive the system is to the oral 
glucose challenge, for example. 

The utility of sensitivity analysis in the design and 
interpretation of tracer experiments has been discussed 
by BogumiE^. Sensitivity analysis with respect to a 
single parameter has been used in the minimal model 
of glucose disappearance^^. In both these applications 
the direct differential method has been used. A more 
efficient method when the number of parametric sensi¬ 
tivities to be determined is greater than the number of 
variables has been used here^^. 


Results 

The model solution and the normalized sensitivities 
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(dg/g, dh/h) to the parameters R^ and R^ were 

computed for non-obese controls with initial conditions 
b = 20, g-0,h = Q and = 0.046. The results are shown 
in Figures 23 and 24. 

It can be seen that the normal glucose concentration 
shows a small and constant positive sensitivity to R^, 
a positive and rapidly increasing sensitivity to R^ and 
negative, rapidly increasing sensitivities to R^ and R^. 
Consequently, a small increase in R^, or a small decrease 
in either R^ or R^ from the corresponding normal values 
would result in increasing hyperglycemia, while a small 
increase in R^ would result in a constant increment in 
circulating glucose. 

The normal insulin concentration, on the other hand, 
exhibits a negative, rapidly increasing sensitivity to R^, 
a small positive and constant sensitivity to R^, a small, 
positive, slowly increasing and then decreasing sensitivity 
to R^ and a small, positive, slowly decreasing and then 
increasing sensitivity to R^. Consequently, a small de¬ 
crease in from the normal value would considerably 
raise the plasma insulin levels, while a small decrease 
in R^ or R^, or a small increase in R^ would lead to 
insulinopaenia. 

These results are entirely consistent with the clinical 
and pathophysiological findings that 

(i) the hyperglycemic state is a consequence of either 
reduced bet.'-cell function (represented by the parameter 
R^ in our model) and/or an increased peripheral resistance 
to insulin action (that is, a decrease in parameter R^ in 
our model); 

(ii) an increase in peripheral resistance to insulin 
action leads to elevated plasma insulin levels, and; 

(iii) insulinopaenia is a consequence of a decrease in 
either beta-cell function or capacity (represented by the 



Figure 24. Normalized parametric sensitivity (linear) of insulin level 
(/i) to the parameters (-), (-), R^( -) and R^ (•—•—•). 
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parameter NR^ in our model) or both, and/or by an 
increase in glucose-independent insulin loss (represented 
by the parameter R^ in our model). 

A study of the sensitivity of glucose and insulin 
concentrations to initial conditions in normal controls 
(both obese and non-obese), as well as in subjects with 
IDDM or NIDDM, obese and non-obese, was done. 
Analysis was carried out with respect to the following 
sets of initial conditions: 



Figure 25. Sensitivity (normalized, linear) of plasma insulin level to 
initial rate of gastrointestinal absorption in normal obese subjects. 



Figure 26. Sensitivity (normalized, linear) of glucose level to changes 
in insulin level in obese controls and non-obese controls as well as 

obese diabetics. Normal control (-), normal obese (-), obese 

diabetic (....). 
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(i) b-20, g = 0, /i = 0, w-0 (viz. basal levels without 
perturbation) 

(ii) ^ = 20, ^ = 0, /i = 0, w ^ 0 (viz. an oral glucose chal- 
I lenge). 

^ The sensitivity of glucose and insulin concentrations to 
perturbations in initial conditions for each of the variables 
was calculated and plotted as a function of time for a 
I period of 60 min. The main results are as follows. 

(a) The plasma insulin concentration exhibits a positive, 
rapidly increasing sensitivity to the initial rate of gas¬ 
trointestinal absorption in normal controls (Figure 25), 
while the glucose concentration exhibits a comparable 
negative, increasing sensitivity to insulin concentration 
(Figure 26, solid line). These imply that a small increase 
in the oral glucose challenge would result in an increase 
in plasma insulin concentration. Also, that an increase 
in insulin concentration would lead to a lower concen¬ 
tration of glucose. These results are in accordance with 
the findings of Hollenbeck et alP that there is a 
significant relationship in normal subjects between the 
plasma insulin response to oral glucose challenge and 
insulin-stimulated glucose utilization as measured by the 

j euglycemic clamp. 

(b) As is clinically well established*^, obese controls 
and obese subjects with NIDDM are characterized by 
an increase in peripheral resistance to insulin action at 
target tissues, and consequently, by a vanishingly small 

I sensitivity of glucose concentration to changes in insulin 
1 concentration. The results of sensitivity analysis entirely 

corroborate these facts. As can be seen from Figure 26 
(broken line and dotted line) the glucose concentration 
is relatively insensitive to changes in insulin concentra- 
I tion in obese controls as well as in obese diabetics. 

/ 

Discussion and future prospects 

j The model proposed by us is found to give results that 

' are consistent with all the three clinical categories of 

diabetes mellitus, and has all the desirable features 
required of a mathematical model for insulin kinetics. 

I Another significant feature is that the model also leads 
to oscillations in the glucose and insulin levels. As can 
be seen from the results of normal, non-obese controls, 
the time period of oscillations is about 90 min and the 
glucose peak precedes the insulin peak by about 6 min. 
These results are in very good agreement with obsei- 
vations in humans"*". 

The results obtained from sensitivity analysis of the 


model suggest that by studying the sensitivity of the 
glucose concentration to an insulin injection and a 
concomitant glucose challenge, one could make predic¬ 
tions regarding future directions in the therapy of diabetes 
mellitus, thereby obviating the possible necessity of 
expensive hospitalization. 

In the model reviewed here, insulin secretion has been 
modelled as a continuous process. However, there is 
evidence to suggest that insulin may be secreted in 
pulses. This can be taken into account by introducing 
a stochastic term in the expression for d/z/df. 
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Phenotypic plasticity is the change in the expressed 
phenotype of a genotype as a function of the environ¬ 
ment. However, due to stochasticity in the developmen¬ 
tal process, different phenotypes can result from 
identical genotypes even in the fixed environment. The 
evolutionary consequences of phenotypic plasticity is 
examined within the genetic algorithm framework. A 
genetic algorithm is an important computational tool 
to model any evolving system. We consider a population 
of genetically haploid individuals of fixed size. Geno¬ 
types are represented by one-dimensional strings of 
three allelic states, designated 0,1 and X. 0 and 1 stand 
for fixed states with predetermined effects on the 
phenotype. But X is a plastic state whose phenotypic 
effect can be equivalent to that of a 0 or 1, the actual 
choice being determined by the regulatory genes. If 
the regulatory genes are absent, the phenotypic effect 
of X is determined on a random basis. The fitness 
values of me individuals are arranged in descending 
order and viability selection is performed. Then 
selected individuals are allowed to mate randomly to 
generate progeny for the next generation. The popu¬ 
lation size is kept constant from generation to genera¬ 
tion. The population evolves by means of genetic 
recombination and natural selection. The process is 
repeated until fixation is reached. We find that phe¬ 
notypic plasticity, up to a certain optimal level, slows 
down the rate of evolutionary change but improves the 
degree of adaptation finally reached. There exists an 
optimum plasticity for which the population is best 
adapted. There is a synergestic effect of regulatory 
genes on plastic alleles: the frequency of such alleles 
increases when regulatory loci are present. The regu¬ 
latory genes, under certain conditions, can improve the 
adaptation of the population and speed up the rate of 
evolution. 


One goal of evolutionary theory is to build a quantitative 
model that can encompass the complexity of how a 
genotype becomes translated into a phenotype. Such a 
model would need to incorporate external environmental 
effects as well as internal constraints based on a detailed 
knowledge of developmental programs'. The environment 
plays a dual role in the evolutionary process, affecting 
the developmental process and setting the fitness function. 
The extent to which phenotypes are subject to environ¬ 
mental modification is commonly termed phenotypic 
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plasticity^’^. Plasticity ‘masks’ less-than-fit genotypes; in 
other words it enlarges the range of selective environ¬ 
ments within which a genotype can function effectively. 
Phenotypic plasticity can have significant consequences 
for evolution‘^“^ A possible reason for the existence of 
plasticity is that the effect of an allele at one genetic 
locus is modifiable by alleles at other loci. By causing 
a gradual lowering of the environmental threshold ne¬ 
cessary to elicit an appropriate response from the modi¬ 
fied locus, the optimal phenotype can come to be 
expressed constitutively (‘genetic assimilation’Plas¬ 
ticity can also be expressed in the same environment, 
leading to phenotypic valuation within a population of 
identical genotypes. In other words, plasticity implies 
that even in a fixed environment the relation of phenotype 
to genotype is not one-to-one. This would imply that 
there is a stochastic element to development. Hinton 
and Nowlan showed in a computational study that, under 
specified conditions, phenotypic plasticity can modify 
evolutionary pathways and accelerate the course of 
evolution'”. 

Plasticity is not directly dependent on the environment. 
The known instances of this come from studies on 
multicellular development and differentiation. For exam¬ 
ple, in the social amoeba Dictyostelium discoideum, 
genetically identical cells raised in the same environment 
can choose, on a cell-autonomous basis, either a stalk-like 
or a spore-like alternative". In other situations, a com¬ 
parable phenomenon has been termed ‘stochastic differ¬ 
entiation’The concept of a mixed strategy in animal 
behaviour is yet another example of phenotypic plasticity 
in the sense used here'^ The familiar observation that 
genetically-based traits display varying levels of pene¬ 
trance in different individuals even when genetic variation 
is essentially absent is also a manifestation of phenotypic 
plasticity. The intermediate forms of Antirrhinum majus 
discovered by Darwin in his breeding experiments serve 
as an example'^. 

Behera and Nanjundiah'^*''^ have examined the evolu¬ 
tionary consequences of phenotypic plasticity in com¬ 
putational models of haploid genotypes represented by 
one-dimensional strings. These studies assumed that 
individual genotypes consisted of structural genes only, 
meaning genes with direct consequences for the pheno¬ 
type. They have extended the model by incorporating 
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a qualitatively new feature, namely gene regulation . 
The consequence of a potentially ‘plastic’ allele at a 
structural locus is assumed to be modifiable, in a pro¬ 
babilistic fashion, by alleles at the regulatory loci. Regu¬ 
latory genes influence the phenotype only indirectly, via 
structural genes. Our interest is restricted to asking, (a) 
in what manner is genetic equilibrium (fixation) reached? 
(b) how are the rate of evolution and equilibrium popu¬ 
lation fitness affected by the possibility of phenotypic 
plasticity? and (c) how does the presence of regulatoiy 
loci affect the evolution of genotypes and phenotypes? 
The rest of the paper consists of a description of the 
model followed by the results of computations and, 
finally, a discussion. 

Model 


able, in terms of how it relates to the environment, 
from some genotype made up solely of Os and Is.) 
Finally, each genotype is assigned a fitness that depends 
both on its attained phenotype and on the number of 
tosses of the coin needed to reach that phenotype. Fitness 
is in part a measure of how closely the final phenotype 
resembles the phenotype of an ideal or ‘target’ geno¬ 
type. The ideal phenotype is taken-for the sake of 

simplicity - to be a string of Is, i.e. {1, 1,-1}. The 

target genotype has the maximum possible fitness (equal 
to 1). 

Thus the fitness of a genotype has two components. 
The first, which can be thought of as reflecting in part 
the ‘hard-wired’ or deterministic aspect of its phenotype, 
depends only on the degree of matching between the 
attained phenotype and that of the target. This component 
of fitness is defined as 


No gene regulation 

The model is based on that of Hinton and Nowlan'”. 
Populations consist of individuals of haploid genotype. 
Each genotype is represented by linear strings of Os, 
Is and Xs, where each symbol stands for one of the 
three possible alleles at a genetic locus. A 0 or a 1 
means that the allele at that locus has a constitutive 
expression and contributes in a pre-determined fashion 
(as described below) to the overall phenotype. An X 
on the other hand means that the expression of the gene 
at that locus is facultative; X can act either like a 1 
or a 0 allele in terms of its contribution to the phenotype. 
Which of the two alternatives it adopts is determined 
by a ‘coin-tossing’ procedure, in other words by making 
use of a random number generator. A complete series 
of coin tosses performed in one generation on a single 
genotype is referred to as a trial. Operated on each 
genotype in every generation, each trial produces a set 
of uniformly distributed (pseudo) random numbeis 
between 0 and 1. By carrying out ‘coin-tossing’ inde¬ 
pendently for each X in a genotype, we decide whether 
that X mimics a 0 or a 1. At each ‘toss’ every X has 
a 50% probability of becoming functionally equivalent 
to a 1 (and with the same probability, of becoming 
equivalent to a 0). Equivalence refers to the phenotypic 
effect of the X and applies just for that generation. The 
a priori probabilities of the 0, 1 and X alleles (i.e. the 
probabilities used to create the starting population of 
genotypes) are denoted by p, and respectively, 
with 

number of structural loci), the mean number of Xs in 
any genotype is m = N^p^. The maximum number of 
coin-tosses for each genotype is restricted to Coin¬ 
tossing is stopped after a particular trial if all the Xs 
in a genotype becomes Is, otherwise it continues until 
2'" trials are exhausted. (Notice that after the coin-tossing 
procedure is completed, every genotype is indistinguish- 
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( 1 ) 


where i stands for a genetic locus and d. = 1 if the £th 
locus has a 1 allele; and d. = 0 otherwise. The second 
component of fitness, denoted by W^, is related to the 
dynamical, ‘plastic’ or ‘soft-wired’ aspect of the phe¬ 
notype. The assumption is that the larger the number 
of coin-tossing trials undertaken in the course of 
attempting to reach the target, the smaller the value of 
fitness. This component of fitness is defined as 


2'"-Actual number of trials 


Note that the maximum number of allowed trials is the 
same for every genotype and is independent of the 
number of Xs it carries. The larger the initial number 
of Xs in any given genotype, the less likely it is that 
all of them will become 1-like within the 2'" trials and 
so the lower the likely value of W^. In a sense, reflects 
a cost associated with plasticity. If all the 2'" trials are 
gone through, W = 0 irrespective of whether the Xs 
become 1-like o/the last trial or not. If all structural 
locus alleles are Is to begin with, W^=l because no 
trial needs to be undertaken. Also, W^ = 0 whenever a 
genotype has no X allele and at least one 0 allele. On 
the other hand, if coin-tossing is stopped before the full 
quota of trials is exhausted, takes a value between 
0 and 1. The total fitness is defined by 

W^=fW^ + u{\-f)W^, ( 3 ) 

where / is a positive number lying between 0 and 1 
and represents the fractional weightage assigned to the 
deterministic part of the fitness. By varying / one can 
vary the significance of the cost of plasticity. A value 

969 




SPECIAL SECTION: MODELLING IN BIOLOGY 


of /= 0 would imply a high cost whereas /= 1 would 
imply a zero cost. Note that fitness is a characteristic 
of an individual (phenotype) rather than of a genotype. 
The larger the plasticity, the more is the allowed number 
of coin-tossing trials. The higher number of trials require 
more expenditure of energy, so the effective fitness of 
Wp is reduced. Hence the factor 


is inserted in the second term of the expression for 
Wj. This is dependent on the level of plasticity. Here 
a equals 2^^^ and is the maximum number of possible 
trials in any model, obtained when the a priori probability 
of X takes its highest value of 0.56 (in our simulations). 

The only elements of the model that remain to be 
described are mating and recombination. Mating is at 
random and is assumed to be followed by a single 
obligatory crossover between parental genomes. One 
offspring is generated at each mating by choosing a 
crossover point at random and copying all alleles from 
the first parent up to the crossover point, and from the 
second parent beyond the crossover point. After fitnesses 
are computed for 1035 haploid individuals, genotype 
frequencies are weighted in proportion to their relative 
numbers and arranged in descending order of fitness. 
Truncation selection is performed by restricting the 
number of individuals that go on to mate to 46. Random 
mating generates 1035 (="^^’€ 2 ) individuals for the next 
generation. We continue the analysis for as many gen¬ 
erations as necessary until fixation is reached. 

Gene regulation 

The model is described in Figure 1. Each genotype is 
represented by two chromosomes, idealized as one¬ 
dimensional strings of lengths and respectively. 
Of these, stands for the number of structural genetic 
loci and for the number of regulatory loci. A structural 
locus has three possible allelic states, represented by 0, 
I and X; a regulatory locus has just two possible alleles, 
represented by 0 or 1. In the case of a regulatory locus, 
a 0 or 1 contributes to regulating the expression of X 
alleles in structural loci in a manner to be explained 
below. Thus structural loci contribute directly to fitness 
but regulatory loci do so indirectly, by influencing the 
phenotypfc contribution of Xs in the structural loci. The 
probability that an X becomes equivalent to a 1 (or to 
a 0) in terms of its phenotypic effect is equal to p,,. 
(or p„^), the frequency of Is (or Os) at regulatory loci. 
Regulation can be mediated either by closely-linked 
DNA sequences {cis regulation) or by diffusible inter¬ 
mediates that are the products of genes that may be 
unlinked to the gene that is regulated-^rani- regulation. 
In terms of its operational consequences vis-a-vis our 
model, the central difference between cis and trans 
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regulation is that recombination can modify the arrange¬ 
ment of structural genes and their cis regulatory elements. 
For reasons of simplicity, in the present study we restrict 
ourselves to an examination of the consequences of 
trans regulation. Note that because of this, for a given 
value of Pjj, about (1/Pi,)"’ trials ought to be sufficient 
to convert a fair proportion of Xs to Is. The entire 
sequence of 2"' coin-tossing trials is carried through 
unless one of the intermediate trials results in all the 
Xs in a genome becoming 1-like. 

The fitness of the individuals is computed as before 
(without gene regulation). For simplicity, we have taken 
u=l in equation (3). After the starting 1056 genotypes 
have been ordered in terms of their relative fitnesses, 
truncation selection is performed and the 1056 individuals 
are reduced to a mating population of 33 adults. Mating 
takes place between every pair of individuals. We assume 
that two obligatory crossovers occur at each mating, 
one each within the regulatory loci and the structural 
loci. The crossover points are chosen at random. After 



Figure 1. A diagrammatic sketch of the model. Each genotype is 
idealized as consisting of two haploid chromosomes, one of which 
contains structural genetic loci (dashed lines) and the other contains 
regulatory loci (continuous lines). Meiosis is accompanied by a single 
obligatory crossover in each .chromosome. 
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meiosis one should expect there to be four haploid 
recombinant genotypes. Of these, we pick just two by 
applying the following rule (Figure 1): the genotype of 
the first offspring is chosen by copying all alleles from 
the first parent starting from the left up to either 
crossover point, and from the second parent beyond 
crossover point. Correspondingly, the genotype of the 
second offspring is made up of all alleles from the 
second parent to the left of either crossover point and 
from the first parent beyond the crossover point. Con¬ 
sequently the 33 pairs of genotypes that mate give rise 
to 1056 individuals which constitute the next generation. 
The simulation is continued until fixation is reached at 
all loci so that there can be no further genetic evolution 
in the absense of mutational change. 


Results 

The outputs that we monitor are (a) allele frequencies 
from generation to generation, (b) the number of gen¬ 
erations needed for fixation to be attained, and (c) the 
mean population fitness during the course of evolution 
as well as at fixation. It might appear that a finite 
population size, and the fact that we pick just one out 
of two (without gene regulation) or two out of four 
(with gene regulation) recombination products, pre¬ 
disposes the system to drift. In fact the major source 
of variation in the outcome is the initial random choice 
of genotypes and truncation selection (see Discussion). 
Each simulation has been repeated at least six times 
with the same initial conditions. 

We have put limitations on population size and the 
number of genetic loci because of constraints on computer 
time. Our choice of parameters is governed by the 
following considerations. When is the only contributor 
to fitness (see equation (1)), we choose p, =0.03. For 
smaller values of p,, equilibrium is reached very far 
from the target, meaning that the population remains 
poorly adapted; for higher values of Pj the target is 
reached extremely rapidly, i.e. with virtual certainty -and 
within a very short time. Finally, where the fitness has 
two components, we have retained p^ = 0.03 (and 
p^j + p^ = 0.97) in order to compare the fitness function 
W.J, (equation (3)) with that of With much larger 
than 0.5, limits on computer time become significant 
because the total number of coin tosses rises faster. In 
the presence of regulatory genes, we have chosen the 
same set of initial conditions in order to make it easier 
to compare outcomes with and without gene regulation. 


No gene regulation 

Allele frequencies. In the absence of any X allele, that 
is, in the absence of plasticity, drift is the sole cause 
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of change of allelic frequencies (unless the target geno¬ 
type happens to be present at the start or appears as a 
result of recombination). The causes of drift are two-fold: 
first, the restriction to a small population size and 
second, the element of randomness in deciding which 
of the two offspring of a mating survives to reproduce. 
The chances of the target ever being reached are very 
low (we never found this happening in our simulations). 
Solely on account of chance, one or the other genotype 
gets fixed eventually and this occurs on average around 
the 33rd generation (Figure 2d). (No meaning should 





Figure 2. Change in allelic frequency with generation. Generation 
numbers start with zero, a. Without plasticity, and no fitness differences, 
allelic frequencies change due to recombination and drift only, b. 
Without plasticity, the fitness function is only. The initial frequency 
of 1 allele is 0.03. c, The fitness function is Wj. 
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be attached to the fact that in Figure 2 a there is a 
small increase in frequency of the 1 allele.) 

The introduction of plasticity dramatically changes the 
situation. Even if the target genotype never appears in 
the population, it is possible that some genotypic com¬ 
bination of Is and Xs acquire the same phenotype as 
that of the target. Once this happens, natural selection 
acts very strongly in its favour - or more correctly, acts 
against 0 alleles. Here fixation takes place faster than 
it does in the absence of plasticity (by about 20th 
generation instead of 33rd-compare Figure 2a and 
2 c). A similar speeding up in the rate of evolution can 
occur without plasticity if fitnesses are scaled with 
respect to distance from the target (Figure 2 b). However, 
the increase in the rate of evolution is balanced by the 
fact that the final genotype is at a greater distance from 
the target than in the case wherein plasticity is present 
(Figure 2 b and 2 c). 

It is interesting to monitor evolutionary rates as a 
function of the degree of plasticity (by which we mean 
p^, the a priori probability of an X allele at any locus). 
Plasticity slows down evolution instead of speeding it 
up (data not shown), a finding that is independent of 
whether or not we take into account a cost factor 
associated with coin-tossing (see equation (3)). At con¬ 
stant plasticity the generation number at which fixation 
occurs is highest when /=0.5 and it slowly decreases 
as / tends to 0 or 1. An unequal weightage for and 
VFp speeds up the rate of evolution in comparison with 
the situation of equal weights (not shown). 

Mean fitness. The mean population fitness increases 
steadily with generation number until ‘equilibrium’ is 
reached (Figure 3). Note that in the presence of pheno¬ 
typic plasticity, mean and maximum fitnesses differ even 
when a state of equilibrium has been attained. The 
explanation is that the population may consist of a 
single genotype, but if that genotype has one or more 
X alleles, the fitness of individual members of the 



Figure 3. The change of mean fitness with generation number (fitness 
function is Wy, p^ = 0.5). 
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population can differ depending on whether any given 
X mimics a 0 or a 1. The mean fitness at equilibrium 
increases with the degree of plasticity till the optimum 
p^, beyond which it decreases (Figure 4). If fitnesses 
are combined with unequal weightages, the mean fitness 
at equilibrium is a minimum at /= 0.5 (not shown) but 
the reasons for its rise as / approaches 0 or 1 are 
different (see Discussion). 


Gene regulation 

Change of allele frequencies. In general, depending on 
initial conditions, the frequency of the 1 allele averaged 
over structural loci, can either increase or decrease 
in the course of time (Figure 5) but that of the X allele 
always increases. On the other hand, the frequency of 



Figure 4. The change of mean fitness with plasticity (fitness function 
is Wy, /= 0.85 and cost function included). The actual value of it 
depends on the degree of plasticity (see equations (3) and (4)). 
Note that the mean fitness is a maximum at /?^ = 0.39. 



Figure 5. Change in allelic frequencies at structural loci as a function 
of generation number (single simulation). Initial conditions: /7j^j. = 0.39, 
= 0.03, = 0.20 and 10. 
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the 1 allele at regulatory loci, increases steadily in 
spite of the fact that selection does not act directly on 
regulatory loci (Figure 6 a). The increase in p,, is most 
rapid, and the value reached at fixation is highest, when 
the number of regulatory loci N, is small. Indeed, when 
N is very large, p,, barely rises above its initial value 
before fixation is attained. On the whole, the rate of 
evolution, as estimated from the number of generations 
needed for fixation, decreases both as a function of the 
starting value of and as a function of (data not 
shown). Finally, the rate of evolution is affected by the 
relative importance of the two components of fitness 
and peaks at an intermediate value (0.37) of the weight 
/ (not shown). 


evolving under natural selection, the mean fitness 
(W) increases over the course of successive generations 
(Figure 6 b). The value of (W^) at fixation rises with 
the initial value of Pj,. (Figure 7 a). For a given initial 
value of p,., <W(r) fixation is highest when there is 
just one regulatory locus (Figure 7 b). (VFj.) varies only 
weakly with /; indeed, (W^) is a minimum at/= 0.34 
(not shown). The mean fitness at equilibrium decreases 
in a nonlinear fashion as a function of the ratio of 
Afg to (Table 1). 

Discussion 

The most common argument in favour of plasticity is 


Mean fitness. As should be expected for a population 




are 6. Evolution at regulatory loci via hitcli-hilting (a) aad ' 
sequent changes in mean population fitness (b) ^‘'.“ 1 “''''! 
eration number (single simulations), a and b .show how changes 
p. and mean fitness depend on N, Initial 
0) = 0.39, p,.(0) = 0.03 and Af,= 10; b, PxsW-0.39 

0) = 0.03; c, p‘^,(0) = 0.39, P|,(0) = 0.03 and P|,(0)=0.2. 
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Table 1. Equilibrium mean fitness as a function of the ratio of structural and 
regulatory loci at the transition point 


No. of 
structural loci 

No. of regulatory 
loci 

Ratio 

Equilibrium mean 
fitness 

10 

10 

1.00 

0.57 ± 0.07 

15 

21 

0.71 

0.52 + 0.06 

18 

28 

0.66 

0.35 + 0.03 

20 

200 

0.10 

0.31 ±0.04 

25 

625 

0.04 

0.28 ± 0.02 


The transition point is defined as that value of the number of regulatory loci beyond 
which gene regulation reduces the mean fitness of the population at equilibrium. 
Equilibrium mean fitness is essentially independent of the number of regulatory loci 
when the number is below the transition point. Initial conditions; pjfl) = 0.40, 
/ 7 ,^( 0 ) = 0,2 and /j,^(0) = 0.03 (except when there are 18 structural loci, when pJ0) = 
0.39). 

Data corresponding to 10 and 15 structural loci are averages of twelve simulations 
while others are due to six simulations. Constraints on computer time became forbidding 
when the structural loci numbered more than 25. 


that some aspects of the environment are unpredictable. 
For specifying a phenotype, such unpredictability makes 
it advantageous to leave some decisions to physiologically 
adaptive process rather than specifying them genetically. 
Each coin-tossing trial can be almost as helpful to the 
evolutionary search as the production and evaluation of 
a whole new organism. This greatly increases the effi¬ 
ciency of evolution. 

Hinton and Nowlan’s model is realistic for the specific 
situation of the formation of precise synaptic connections 
in a developing nervous system. In such a situation, 
the ‘correct’ connections can be strongly context- 
dependent and also have a correspondingly high premium 
on being precisely made. One can then see that it makes 
sense genetically to specify gross features of connectivity 
and leave fine-tuning to trial and error. However, the 
evolutionary picture at the back of our mind is rather 
different and an illustrative example could be the 
following. Suppose the pattern on an insect’s wing helps 
in camouflage and that a large number of genes act to 
specify the pattern. If the insect has a wide geographic 
range, it is plausible that while the optimal pattern 
differs in detail from location to location, all possible 
patterns confer some advantage (relative to none). Our 
interest is in asking whether it helps the individual to 
fine-tune the pattern by physiological adaptation over 
and above a genetically specified, common ‘basal’ 
pattern. 

It is possible to interpret the elements that enter into 
along the following lines: is that portion of total 

fitness which is based on the genetically-specified com¬ 
ponent of the phenotype and Wp represents that portion 
which is dependent on physiological adaptation based 
on a random search; / is the relative importance of 
. A value of /= 1 would imply that the phenotype 
is completely specified in advance,/=0 implies that it 
is entirely plastic, that is, left entirely to the hazards 
of random chance. One can justify the parameter u in 
a different way. It seems reasonable to assume that a 
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completely prespecified genotype extracts a lower me¬ 
tabolic cost than one capable of responding suitably to 
a range of environments. For example, the latter situation 
could demand the presence of regulatory genes that can 
be dispensed with in the former. Translated to fitness, 
u stands for the price paid by the genotype in return 
for being permitted a choice of phenotypes. 

The degree of adaptation ‘lost’ on account of a 
changing environment can to some extent be compensated 
by decreasing the total number of genetic loci^*^. 
Decreasing the number of loci amounts in turn to 
decreasing one measure of complexity of the system. 
The implication is that other things being equal, sys¬ 
tems with many genes - and in that sense ‘more com¬ 
plex’ -take longer to adapt than those with fewer genes 
(and so ‘less complex’). Therefore, the larger the degree 
of uncertainty with regard to the external environment, 
the better off is a system with few genes vis-a-vis one 
with many. The decrease in adaptation caused on account 
of change in the environment can be partially or com¬ 
pletely compensated, not only by reducing the size of 
the genome but by increasing the plasticity of the genetic 
system. This means that phenotypic plasticity must have 
been increasingly advantageous as genome sizes increased 
during evolution*^. We note that the inference remains 
valid until an optimal level of plasticity is attained. 
Thereafter, an increase in the level of plasticity can 
slow down the efficiency of evolution‘s. The possible 
roles of phenotypic plasticity in evolution, and of ran¬ 
domness uncorrelated with the environment (‘develop¬ 
mental noise’), have been explored by a number of 
authorsBroadly, what these earlier authors con¬ 
cluded was that (a) given the right circumstances, phe¬ 
notypic variation could be maintained in a population; 
(b) different forms of environmental variation could lead 
to different evolutionary dynamics (possible with the 
same end-point); and (c) stabilizing selection on a quan¬ 
titative trait could reduce the variance in that trait. 

It might appear that we have made other compromises 
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with biological realism. Our model for recombination 
ignores two of the four possible products of a crossover; 
the model does not guarantee a stable phenotype (because 
‘switching’ persists whenever there are one or more X 
alleles in structural loci); and the way we look at 
evolution is different from the standard population 
genetics approach (because we generate genotypes 
containing many Xs right at the start instead of asking 
what happens when a single X invade? a population 
that contains only 1 and 0 alleles). Interestingly, the 
first compromise leads to the consequence that each 
mating preserves the allele frequencies of the parents, be¬ 
sides which it produces exactly two offspring. Therefore 
the primary forces driving gene change are initial con¬ 
ditions, truncation selection and linkage disequili¬ 
brium/hitch-hiking effects but not genetic drift. Because 
of this, selection plays a stronger role in influencing 
the course of gene frequency change than one might 
imagine at first glance. The fact that a stable phenotype 
does not have to result means that there is almost always 
a residual of developmental noise, a not unrealistic 
outcome. As for the last point, it is an interesting 
question as to how an X allele wonld fare if it is 
introduced as a rare, newly-arisen variant, and we are 
looking into the possible consequences. 

Finally, a comment regarding the meaningfulness of 
the distinction between cis and trans effects that we 
have tried to draw. Regulatory and structural loci are 
supposed to reside on different chromosomes and undergo 
independent assortment. However, just two of the 
potential four haplotypes are used after recombination. 
In effect, this means that the two chromosomes behave 
like a single chromosome that undergoes three crossovers 
upon mating, and one might legitimately wonder whether 
it does not follow that the structural and regulatory loci 
behave as one large chromosome. Indeed this is a valid 
point, and our response is to say that we use trans 
to mean sufficiently distant from a regulatory locus that 
it can most economically be imagined to act via a 
diffusible intermediate. 

The mean population fitness at fixation decreases as 
the number of regulatory loci increases (Figure 7 b), 
and a certain minimum starting value of is neces¬ 
sary — under the conditions of Figure 7 o, this is about 
0.06 — for the mean fitness to increase appreciably during 
evolution. From our simulations it turns out that the 
optimal number of regulatory loci N^. is just one, but 
this finding is a consequence of the special assumptions 
we have made, in particular the assumption that the 
X —> 1 transition probability at any structural locus is 
exactly equal to p„.. With a different functional depend¬ 
ence, there could be a different outcome. For example, 
if a minimum of two regulatory gene products were needed 
to interact with structural sites for a X -> 1 transition to 
be possible, or if regulatory gene products interact with 
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stmctural loci in a combinatorial fashion, the optimal 
number of regulatory loci would be larger than 1. 

By using 2“ coin-tossing trials instead of (l/Py)"' we 
implicitly ensure that the following holds good. When 
p > 0.5, the population fitness is raised above the vdue 
it'would have had in the absence of gene regulation, 
and when ^,,<0.5 it is lowered below the corresponding 
value. Because of this the variance of fitness at equi¬ 
librium can be either lower (when p„>0.5) or higher 
(when Pi,< 0.5) than the variance expected in the absence 
of regulatory loci (work in preparation). 

Gene regulation can speed up evolution significantly: 

For example, at /=0.3 and when there is no gene 
regulation, the average number of generations for fixation 
to be reached is 26.4 (ref. 16) whereas it is 9.5 in the 
presence of gene regulation (not shown)**. Other things 
being equal, gene regulation can accelerate the rate of 

evolution. . . 

An increase in the frequency p^^ of the ‘plastic allele 
X from one generation to the next can take place only 
when regulatory genes are present, because in their 
absence p^^ stays approximately constant or decreases . 
Thus a genetic capability for modifying the phenotype 
can itself act as a selective force in favour of alleles 
with potentially variable phenotypic effects. However, 
for p to increase in the course of evolution, the initial 
value** of Pi, has to be above a certain minimum and 
the number of regulatory loci has to be below a 
certain maximum (see below). 

Figure 5 shows that p^^ decreases with generation 
number, which appears counter-intuitive (because the 
value of Pij should be a measure of fitness). The point 
is that concomitant with the decrease in p^^ there is a 
rapid increase in p„ as well as of p,. Therefore the 
probability of an X -> 1 transition is high; and because 
of this, the mean fitness rises even as p,, decreases. 
We mention that if the initial value of p„ is sufficiently 
high, the 1 allele need not be eliminated (not shown). 

Regulatory genes evolve although there is no direct 
selection acting on them. This is because selection does 
act, albeit indirectly, by favouring those combinations 
of regulatory alleles that predispose an increase in fitness 
(as determined by alleles in the structural loci). One 
might say that regulatory genes hitch-hike on structural 
genes. Hitch-hiking is very rapid to begin with, but 
slows down over the course of time (Figure 6 rz). A 
consequence of hitch-hiking is linkage disequilibrium 
between the two sets of loci. Hitch-hiking is relatively 
ineffective when the number of regulatory loci is large, 
because then the rate of change in the frequency of 
alleles due to recombination in successive generations 
is relatively slow. Similarly, when the number of^ struc¬ 
tural loci is small (much less than 18), fixation is 
reached so rapidly that there is no appreciable increase 
in frequency of the 1 allele at regulatory loci. 
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There are situations in which the existence of regulatory 
loci offers no evolutionary advantages. When N^=IS 
and = 26, the mean fitness at equilibrium (W^) (= 0.35) 
has the same value that it would have had in the absence 
of gene regulation^^. As A. increases further, (W^) de¬ 
creases, implying that there is no further advantage to 
be gained by increasing the number of regulatory loci. 
It has been pointed out that the optimal number of 
regulatory loci is 1; the higher the value of A., the 
lower is the value of (W^.) (Figure 4 b) and the slower 
the rate of evolution. When does an increase in A lower 
(W^) to such an extent that it drops even below the 
value that it would have had in the absence of regulation? 
The answer depends on the number of structural loci. 
With V standing for that ratio of to below which 
no regulation is better than regulation, we find that 
y=l when A = 10 and V decreases to 0.04 as 
increases to 25 (Table 1). Thus the number of regulatory 
loci that the system can ‘tolerate’ increases dispropor¬ 
tionately with the number of structural loci. 

When compared to a model in which a genetic locus 
can be switched ‘on’ or ‘off’ entirely at random, biasing 
the relative probabilities of switching with the help of 
regulatory genes offers mixed advantages. The rate of 
evolution is speeded up; but the population is not always 
as well adapted. A less-than-ideal level of adaptation is 
the price paid for rapid evolution. The most obvious 
advantage f the presence of ‘plastic’ alleles and regu¬ 
latory genes is that purely phenotypic selection becomes 
effect! ve^^ 

Many years ago, C. H. Waddington showed that by 
carrying out phenotypic selection on a population of 
Drosophila he could generate true-breeding phenotypes 
that were absent in the starting population (‘genetic 
assimilation’^. The phenotypes on which selection was 
performed were not caused by mutation but instead were 
generated as a response to specific treatments (e.g. raised 
temperature, ether) applied at critical stages of develop¬ 
ment. Waddington'-’ suggested that the seemingly Lamar¬ 
ckian results of his experiments might be explained in 


conventional Darwinian terms by postulating that they 
were the outcome of indirect selection for regulatory 
genes which did not, by themselves, exert direct effects 
on the phenotype. The present work constitutes part of 
an ongoing exercise aimed at exploring Waddington’s 
explanation in terms of an idealized computational model. 

Artificial selection experiments suggest that plasticity 
is a trait that can evolve^. A range of conditions that 
favour the evolution of phenotypic plasticity also favours 
the development of cultural transmission (‘the transfer 
of information by behavioural means’)^^’. The picture of 
a highly plastic species with elaborate systems of cultural 
transmission seems to fit the human species rather well. 
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Wc describe various techniques to control the dynamics 
of strongly nonlinear systems. These procedures are 
remarkably successful in stabilizing regular dynamic 
behaviours, as well as in directing chaotic trajectories 
rapidly to a desired state. Further, we highlight some 
interesting and potentially important applications to 
biological systems. ___ 


A variety of physical and biological systems aie well 
modelled by coupled nonlinear equations ^ In most cases 
such systems are capable of displaying several types of 
dynamical behaviour: fixed points, limit cycles, bi¬ 
stability, birhythmicity or chaos, for instance. Typically 
the nature of the motion depends on the value of one 
or more parameters. In real systems these may be 
quantities such as electric fields, temperature, pressure 
gradient, pH, molarity or kinetic rates. Generically the 
nature of the dynamics is governed by these parameters, 
and one can obtain a wide repertoire of dynamical 
patterns by tuning them'. 

Now these parameters can change (as a result of 
fluctuations in the environment, for instance) and this 
can push the system to drastically different kinds of 
dynamic behaviour. Thus it is of considerable interest 
to develop mechanisms of self-regulation or control in 
systems intrinsically capable of very complicated 
dynamics, so that it is guaranteed to maintain a fixed 
activity (the ‘goal’) even when subject to environmental 
perturbations. 

The need for control mechanisms in order that a 
system is guaranteed to maintain fixed activity even 
when subject to environmental fluctuations has long 
been discussed in biology^. Situations wherein this is 
thought to play a role, include pupillary servomechanism^, 
biological thermostats and regulation of cell reactions . 
Although the details of the control mechanism operating 
in a given situation may be system-specific, from a 
theoretical standpoint it is important to study the general 
principles by which systems can be brought back to a 
desired state by self-regulation. The concepts developed 
rigorously through the study of model systems can then 
provide a framework for understanding the more complex 
mechanisms by which biophysical processes maintain a 
steady state. 

Adaptive control algorithm 

An adaptive control algorithm was recently proposed by 
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Huberman and Lumer^^ and developed and extended by 
Sinha et It was demonstrated that the algorithm 

was a powerful and robust tool for regulating multi¬ 
dimensional, multiparameter, strongly nonlinear systems. 

The procedure utilizes an error signal proportional to 
the dijference between the goal output and the actual 
output of the system. The error signal drives the evolution 
of the parameters which re-adjust so as to reduce the 
error to zero. 

A general A-dimensional dynamical system is described 
by the evolution equation: 

at 

where X s (X,, Xj,,... X^) are the state variables and 
« = are the parameters whose values 

determine the nature of the dynamics. The prescription 
for adpative control is through the additional dynamics; 

lii = eiX-X), (2) 

where X^ is the desired steady state value and £ indicates 
the ‘stiffeess of control’. For one-dimensional systems 
there is no ambiguity in eq. (2), but in higher dimensional 
cases X can in principle be any one of the dynamical 
variables characterizing the system. 

This technique is very effective in bringing the system 
back to its original dynamical state after a sudden 
perturbation in the system parameters changes its 
dynamical behaviour drastically. For instance, when a 
parameter is perturbed, driving the system from a fixed 
point into the chaotic regime (say by changing the 
parameter instantaneously by an amount (5 — a shock ), 
this control mechanism is capable of pulling the system 
rapidly back to the initial state. See Figure 1 for an 
example of the control dynamics in a complex (high 
dimensional, multiparameter) nonlinear system of bio¬ 
logical relevance. 

The scheme is called ‘adaptive’ as in this procedure 
the parameters (which determine the nature of the 
dynamics) self-adjust or adapt themselves to yield the 
desired dynamics. It is also sometimes called ‘dynamic 
feedback control’ in the literature. Since this adaptive 
principle is remarkably robust and efficient in generic 
nonlinear systems, it is of considerable utility in a laige 
variety of phenomena, ranging from biological units to 
control engineering. 
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Huberman and Lumer^ first studied adaptive control 
for a (discrete time) one-dimensional map, the logistic 
map, which is used as a prototype for chaos in a wide 
range of phenomena. It was first proposed by May^ as 
a model for population dynamics, hence its name. The 
form of the map is given as: 

( 3 ) 

where the nonlinearity parameter a determines the 
dynamical behaviour, which ranges from fixed points 
to chaos. It was found that the adaptive control mecha¬ 
nism, implemented through the equation. 


Sinha et al} generalized the adaptive algorithm as 
follows: 

(5) 

where g{X-X) is some suitable function with the prop¬ 
erty g(0) = 0. The adaptive control was checked for both 
discrete and continuous time dynamical systems, with 
several degrees of freedom and with more than one 
controlling parameter. In all cases it was found to be 
remarkably robust and efficient^. 

Now we present an analytical argument which guar¬ 
antees that the control scheme will work for sufficiently 
small s. Say we have a one-dimensional system: 


was very successful in returning the system to any 
desired fixed point, X., even when perturbed to chaotic 
regimes quite far in parameter space. See Figure 2 for 
an example. 




X = F(X;^) (6) 

with one parameter ju. The desired state (or ‘goal’) is 
X, which is a fixed point of the original system; i.e. X = 0 
at X = X^,. 

The control dynamics leads to an augmented dynamical 
system consisting of the original dynamics and the 
additional control equation, which is coupled to the 
original system by feedback. By construction the desired 
state X^, is a fixed point of the control system, as 
^ = 0, when g{X = X) = 0. This formulation then assures 
us that the control is directed towards the desired 
dynamics. 

Now, it can also be seen that the control process is 
stable. Examining the eigenvalues of the Jacobian matrix: 



Figure 1. Dynamics of a complex nonlinear system modelling a 
biochemical network (given by eq. (10)) after a sudden perturbation 
changes a parameter value by a factor of 20: (a) without control, and 
(b) with adaptive control. 


Figure 2. Dynamics of the controlled logistic map (given by eqs. (3, 
4)) after a sudden perturbation almost doubles the value of the 
nonlinearity parameter a. It is clearly evident that the adaptive control 
is very successful in recovering the original desired state X^ = 0.5. 
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ax 



M. 

dfi 

0 


(7) 


we obtain, in the limit e —> 0, the relevant eigenvalue 
of J to be (dF/dX). Now \dF/dX \ <\ at X^, as the 
desired state is a stable fixed point of the system. So 
in the limit of low e, the evolution towards the goal 
dynamical state, is completely stable'’. 

Recovery time, defined as the time required to reach 
the desired state within finite precision, is crucially 
dependent on the value of s. Numerical experiments 
show that for small s the recovery time is always 
inversely proportional to the stiffness of control. 

An argument to account for the universality of the 
linear relationship between recovery time and stiffness 
of control, observed in a wide class of systems, is as 
follows; The key point is that when s is small compared to 
the timescales in the original dynamical system, we can 
use an adiabatic approximation, as > 0. So eq. (1) 
yields X(jx) as a solution, plugging which into eq. (2) 
gives /i =c[X(a) - XT from where it simply follows that 
recovery time will be proportional to 1/a (ref. 6). 
Beyond an optimal stiffness however, in many systems. 



Figure 3. Recovery time t versus stiff ne.ss of control s for discrete 
multiparameter nonlinear systems: (a) a system of intere.st in population 
dynamics’, given by: 


increasing the stiffness actually retards recovery. See ■ 
Figure 3 for examples of recovery time vs stiffness of 
control, in multiparameter systems (from ref. 5). 

This crucial dependence of recovery times on the 
stiffness of control, inspired a scheme to enhance the 
efficacy of the adaptive control algorithm® by tuning 
s to some optimal value at each point of time. The 
idea is as follows: we would like to optimize progress 
towards the goal by making frequent suitable changes 
in the stiffness of control. The purpose is to achieve a 
predetermined accuracy in minimum time. Ideally the 
algorithm should ensure that the system tip-toes by 
many small steps through treacherous parameter regimes 
and in a few big strides speeds through smooth safe 
terrains. In ref. 6 we suggest how this can be done 
‘experimentally’. We monitor at each step how far we 
can safely increase the value of s for the next step. 
The implementation involves a test which returns infor¬ 
mation on the error incurred in taking higher e. If this 
is within pre-assigned acceptable limits of accuracy we 
increase the stiffness of control for the next adaptive 
control step. The resulting gains in efficacy (versus the 
algorithm with fixed e) can be factors of two, tens or 
more! (See Figure 4.) 

Note that adaptive control is remarkably robust with 
respect to variation in the form of the control function 
(g in eq. (5)). In realistic systems, the functional form 
of the control dynamics arises from the physio-chemical 
or engineering design considerations specific to the 
system. It is thus necessary to determine whether 
recovery is sensitive to the specific choice of the 



(6) a two-dimensional discrete map of coupled oscillators which has 
been used to model SQUIDS and convection in conducting fluids 
(details in ref. 5). 
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Figure 4. Evolution of parameter a of the logistic map^ (given by 
eq (3)) under control dynamics given by (a) the ‘fixed algorithm 

(_); and (b) the ‘variable e’ algorithm (—). Clearly the variable 

stiffness scheme (ref. 6) yields much faster recovery. 


979 






SPECIAL SECTION: MODELLING IN BIOLOGY 


control function. In ref. 5 several forms were tried, 
like g(y)—y^i siny, 1—e^ and where 

y-(X-X). In all cases control remained effective and 
rapid, with recovery times scaling as l/e. 

The sensitivity of adaptive control to background noise 
(which is inevitably present in most real life situations) 
was also investigated^. See Figure 5 for an example of 
control in the presence of random additive background 
noise. For small noise strengths, recovery times with 
and without noise are virtually identical. So the adaptive 
control method is clearly robust with respect to back¬ 
ground fluctuations. 

Now we will discuss two examples of adaptive control 
of relevance to biology^. 


Hopf bifurcation 

Hopf bifurcations are believed to underlie the oscillations 
observed, for instance in Cheyne-Stokes respiration, 
some types of muscle tremor and hematological dis- 
orders^ The Poincare oscillator given as: 

r-ar- P 

0 — w ( 8 ) 


shows a supercritical Hopf bifurcation (soft excitation) 
as a is varied. The sign of a determines the dynamics; 
when a<0 the system evolves to a fixed point (r = 0), 
and when a > 0 the system evolves to a limit cycle of 
radius r (ref. 9), The control dynamics is deter¬ 

mined by the error signal, i.e, the difference between 
the goal output and the actual output: 

a = g(r-(r)), ( 9 ) 

where (r) is the desired steady state value of r. 

This system was analysed by Sinha et aL\ and the 
results indicated that the control scheme efficiently 
brought back the system, both to the fixed point 
(r = 0), and to cycles of any radius. The recovery time was 
inversely proportional to the stiffenss of control s. 


A biochemical network 


Sinha et al.^ also studied the adaptive control mechanism 
for a complex dynamical system which describes various 
biochemical processes responsible for coherent behaviour 
observed in spatio-temporal organization'^\ 


Y =-^ -KX, 

^ a, + Xl 

X^ = a^X,-4>{X^.X,) 


X^ = a^<p{X^, X3) - qX^ , 


( 10 ) 


where 




( 11 ) 


and a^, a^, a,, a^, L, T and n are parameters. Such equations 
are typically thought to describe a variety of processes 
occurring in living cells. The system gives rise to a 
range of behavioural patterns. 

In this complex multiparameter system adaptive control 
can be implemented, say on parameter K, as: 


i=-£(X,-(X,)). (12) 

where (X,) is the desired state. This control is very 
effective in returning the system back to its original 
state when perturbations in some parameter give rise to 
irregular dynamics (see Figure 1). The recovery time is 
again proportional to 

Note that in most generic higher dimensional systems, 
one can use any variable X, in the error indicator (for 
instance, we use X, above). This ambiguity in choice 
can be removed though, by employing AND logic in 
the control, i.e. by requiring that all variables reach 
their steady state values: X/', /= 1,2,... A. The equation 
for control then becomes: 


N 

= {X-Xp. 

f=l 

This control scheme works efficiently and is completely 
general and robust as well’. 

Controlling limit cycles 

Many biological processes depend on the stabilization 



Figure 5. Control dynamics of a nonlinear system in the presence 
of background noise (strength of noise (7=0.005), 
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of cyclic patterns (for example in glycolytic oscillations, 
peristaltic waves, electrical activity of the cortex, cir¬ 
cadian rhythms, population dynamics, etc.’*). Ref. 5 
addresses this very relevant issue of controlling complex 
periodic behaviour. 

Now, the adaptive control algorithm can be extended 
to control periodic behaviour, by suitably modifying the 
error signal in the feedback loop. For discrete dynamical 
systems, an effective error signal can be devised using 
the logical OR structure^. That is: 

k 

/=! 

where k is the order of the stable cycle being controlled, 
and are the values of the different points in the 
orbit. This implies that the desired state is either 
ox X = X^ or ... X = This method works very 
well even for high order cycles. (See Figure 6 for 
examples.) 


Conclusion 

From the study of systems of varying complexity it 
appears that adaptive control can provide efficient regu¬ 
lation of the steady state of nonlinear systems. The 
procedure utilizes an error signal proportional to the 
difference between the goal and the actual output of 
the state variables. 

Biological situations where control is believed to play 
a crucial role include, for instance, the maintenance of 
homeostasis^ (that is the relative constancy of the internal 
environment with respect to variables such as blood 
pressure, pH, blood sugar, electrolytes and osmolarity). 
Clinical experiments on animals show, for example, that 
following a quick mild haemorrhage (a sudden pertur¬ 
bation in arterial pressure) the blood pressure is restored 
to equilibrium values within a few seconds The control 
of fixed points, explored in detail in ref. 5, thus has 
potential utility in such physiochemical contexts. Cycles 
are also central to a variety of biophysical and bio- 


[ 



» » * ■ * *—*■ '■ * *— 

time 


Figure 6. Dynamics of controlling a limit cycle in two systerns: (a) a continuous 
time system, the Poincare oscillator, given by eq. (8); (b) a discrete time system, 
the logistic map, given by eq. (3). 
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chemical processes. Variations in these-for example, 
the replacement of periodic by aperiodic behaviour, or 
the emergence of new cycles — are often associated with 
diseased The adaptive control of cycles discussed above, 
then has applicability in the regulation of biologically 
significant oscillatory phenomena. 


Using small perturbations to control chaos 

Now we describe another class of recent control methods, 
which, cleverly exploit the extreme sensitivity of chaotic 
systems to tiny perturbations (a characteristic, known 
as the ‘butterfly effect’) to control trajectories using 
small feedbackThe research broadly fits into two 
categories. First, one can select a desired behaviour 
from the inifinite variety of behaviours naturally present 
in chaotic systems, and then stabilize this behaviour by 
applying only tiny changes to an accessible system 
parameter. One can also switch between behaviours as 
circumstances change, again using only tiny perturbations. 
This means that chaotic systems can achieve great 
flexibility in their ultimate performance. Second, one 
can use the sensitivity of the chaotic system to direct 
trajectories rapidly to the desired state. 

One of the fundamental aspects of chaos is that many 
different possible motions are simultaneously present in 
the system. \ particular manifestation of this is the fact 
that there are typically an infinite number of unstable 
periodic orbits that co-exist with the chaotic motion. 
These orbits are not obvious in free running chaotic 
systems, as vanishingly small perturbations will take the 
orbit away from the periodic point exponentially fast. 
But the existence of these periodic orbits embedded in 
the chaos can be used for control. 

The approach is as follows: first, we determine some 
of the low period unstable orbits that are embedded in 
the attractor. For each such orbit we determine the system 
performance that would result if that periodic orbit were 
actually followed by the system. (In laser, for instance, 
the relevant measure of performance is its output power 
at a given wavelength.) Typically some of the periodic 
orbits will yield improved performance compared to that 
of the free running chaotic motion. Small time-dependent 
controls are tailored in such a way as to stabilize one of 
the periodic orbits that yield improved performance. 

Loosely speaking, the controls are small kicks that 
place the actual orbit back onto the desired unstable 
periodic orbit. We apply these kicks whenever we sense 
that the actual orbit has wandered slightly away from 
the desired orbit. Because chaotic orbits are ergodic on 
the attractor, they eventually wander close to the desired 
periodic orbit and then because of this proximity can 
be ‘captured’ by a small control. Once captured, the 
required control remains small —on the order of the 
inherent system noise. 

982 


Details of the technique^^: Stabilization of an unstable 
periodic orbit in a suitably defined Poincare surface of 
section can be achieved by slightly adjusting the control 
parameter. In particular, suppose we wish to stabilize 
an unstable period-1 orbit contained in the chaotic 
attractor. As the control parameter is slightly varied the 
fixed point will shift from X(w) to some One 

can define a vector g: 

O — -V / ■ \ J 

dju pt -pi 

Near the periodic point and for small values of the 
control parameter one may write: 

dX„,,^M-dX„, (16) 

where M is a 2x2 matrix and (5X„ = -X,, where 

is the state of the system at the nth iteration. Let 
and A, denote the stable and unstable eigenvalues of 
the matrix M respectively, with IAJ>1 and IAJ<1. 
Thus M e„=A/„ and where and e„ are 

the stable and unstable eigenvectors of M (i.e. the stable 
and unstable directions). Further, the contravariant 
basis vectors are defined by f^-e^ = f,,-e^ = l, 
f^- = = 0. When the nth iteration X^ is close to 

X^ the value of the parameter is changed slightly such 
tliat X ^, falls on the stable manifold of X. That is we 
choose the control so that 


/ =0 

‘A j( n + 1 


which yields the control formula*^: 


(17) 


K fu ■ 






(18) 


The control is switched on only if dji is less than the 
prescribed maximal allowed perturbation otherwise 

(5/^ is zero. 


Biological applications 

An experiment on an in vitro rabbit heart septum used 
drug ouabain to induce arrhythmias in the autonomous 
beating of the heart tissue'^. A discrete time embedding 
was constructed using the time interval between the 
heart beat as the system variable of interest. For this 
induced arrhythmia, the presence of deterministic chaos 
was confirmed by the observation of repeated approarhbi> 
of the system state to a period one orbit, with each 
approach along the same stable direction, with the cor¬ 
responding departures along the same unstable direction. 
In this case however it was not possible to find a 
system parameter that would move the system state 
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point onto the stable manifold. But it was possible to 
intervene directly in the system by injecting a premature 
heart beat at an interval time to place the system state 
point onto the stable manifold. The dynamics of the 
system then naturally tended to carry it toward the 
(unstable) period-one motion. However, because it was 
possible only to shorten the interbeat interval and not 
to lengthen it, the control was at best period three. 
Further control experiments are studying an artificially 
perfused canine heart undergoing ventricular fibrillation. 

Another example of this control method is a recently 
conducted experiment on the hippocampus of the tem¬ 
poral lobe of the rat brain*When bathed in artificial 
cerebrospinal fluid containing high levels of potassium, 
the brain exhibits spontaneous bursts of synchronized 
neuronal activity in a portion of the hippocampus. These 
bursts can trigger seizure-like dischrages in a nearby 
region. As in heart experiments, inter burst intervals are 
plotted as embedding. Employing the same technique 
as in heart experiment, control was achieved. 

Other ways to alter chaotic dynamics 

One body of research seeks to control a nonlinear 
system, to follow a prescribed goal dynamics, without 
feedback*'^. If we denote the control dynamics by: 

X=F(X) + f/(f), 

where f/(f) is an additive controlling term, then the 
object is to choose lJ{t) so that \ X{t) - git) \ ^ 0 

where git) is the goal dynamics. To accomplish 
this a simple choice 

U{t) = ^ - 

is made. Thus Kit) = git) is clearly a solution of the 
controlled equations. However in this method the con¬ 
vergence to the goal dynamics is not clear, nor is its 
dependence on the choice of function F and initial 
condition X(0). The method potentially works for non¬ 
linear systems in general, and has the advantage of not 
requiring feedback. On the other hand, the applied 
controls are typically large and the convergence to the 
goal not assured. 

Another body of research addresses the effects of 
periodic*^ and stochastic perturbations on chaotic sys¬ 
tems*^. As one might expect, the effect of such pertur¬ 
bations is difficult to predict in general, and these studies 
are not ‘goal oriented’ - in that a desired behaviour is 


not specified in advance and a generic technique for 
achieving a certain goal is not developed. Nevertheless 
dramatic changes in the dynamics of chaotic sys¬ 
tems have been recorded using these methods: for 
example periodic or nearly periodic behaviour can some¬ 
times be produced from originally chaotic dynamical 
systems. 

In summary, these methods all serve as simple, pow¬ 
erful and robust control tools for regulating strongly 
nonlinear systems capable of exhibiting very complicated 
behaviour. These concepts can then serve as a paradigm 
for understanding the more complex regulatory mecha¬ 
nisms widespread in Nature, and have utility in designing 
clinically useful controls. 
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Modelling plant structure and growth has undergone 
major changes in the last decades along two major 
lines: the integration of ecophysiological knowledge in 
process-based models which often lack a description 
of plant topology and geometry, and the generation of 
3-D virtual plants using morphogenetic models which 
simulate the architectural development in a stable and 
homogeneous environment. 

There is now a trend to merge these two approaches, 
that is to link plant architecture and functioning. This 
trend is based on the recognition that plant structure: 
(i) is the joint output of the physiological processes 
(w^ater and carbon balance, etc.) and the morphogenetic 
programme of the plant, (ii) determines the external 
environment of the trees which itself regulates their 
functioning (competition for space, light attenuation, 
etc.), and (iii) directly conditions the physiological 
processes within the tree (hydraulic structure, self¬ 
shading, allocation of photosynthates, etc.). Such 
models can be used in agronomy and forestry in various 
ways: to investigate the effects, local and global, 
immediate and delayed, of the biophysical environment 
on plant morphogenesis and yield; to study light 
attenuation through the canopy, to analyse the trans¬ 
port of water and the allocation of photosynthates 
within the plant; to analyse the competitive interactions 
among different plants in the same stand; to calibrate 
remote sensing techniques and to visualize large land¬ 
scapes. 


Besides the improvement of classical empirical growth 
and yield models, elaborated from classical agronomic 
and forestry field experiments and permanent plots (see 
ref. 1 for an example of such models in forestry), most 
recent developments in plant growth modelling rely on 
either an ecophysiological or a morphogenetic approach. 
The ecophysiological approach is usually based on a 
simple description of the plant in a few broad compart¬ 
ments (leaves and branches, flowers, fruits, stem, roots), 
and aims at predicting the dry matter production as the 
result of the functioning of the plant (transpiration, 
photosynthesis, photosynthate allocation, nutrient cycling, 
etc.), and of its regulations by environmental factors 
(light, temperature, water and nutrient availability, etc.). 
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Most of these process-based models focus on the water 
balance and on the carbon balance and partitioning (e.g. 
see refs 2, 3). The main drawback of these models is 
that they often omit the structural properties of the 
plants which may be crucial for their functioning (e.g. 
the hydraulic structure of a tree) or even for their yield 
(e.g. the quality of softwood timber is highly dependent 
on the distribution of the annual growth rings and knots). 

As an alternative approach, morphogenetic models 
were developed and mainly progressed along two lines: 
(i) theoretical models based on formal grammars initially 
developed for studying the development of multicellular 
organisms^ Tii) stochastic models initially based on the 
qualitative botanical descriptions of plant architecture 
and their classification in ‘tree architectural models’-** 
(see also refs 6, 37 for ecological applications of the 
‘architectural models’ to forest succession and dynamics 
in India). The first quantitative morphogenetic models 
aimed at generating 3-D virtual plants which grew in 
a homogeneous and stable biophysical environment and 
were faithful to botany^: these models simulated the 
architectural development of the plant according to its 
morphogenetic programme. Thus, they provided impor¬ 
tant features such as the position of fruit-bearing areas 
in a plant or the size, status and position of knots in 
a tree stem, but they were not able to predict the effect 
of changing growing conditions, for example the influ¬ 
ence of a water stress or the influence of agronomic 
and silvicultural treatments such as fertilization, irriga¬ 
tion, thinning or pruning. 

A recent trend consists in combining the ecophysio¬ 
logical and architectural approaches, that is in linking 
the structure and functioning of the plants'^'^"*^^ The 
underlying assumptions are indeed that, at a given point 
of time, plant structure (i) is the joint and cumulative 
output of the morphogenetic programme and the earlier 
physiological growth processes, (ii) determines the ex¬ 
ternal environment of the plant which itself regulates 
the functioning of the plant, and (iii) directly conditions 
the subsequent physiological processes. 

The aim of this paper is to review and illustrate 
different ways of generating 3-D virtual plants, and how 
such models can be applied to various agronomic and 
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forestry contexts. The paper is organized in three sections 
which correspond to three broad types of plant models. 

- Static and numerical 3-D plant models which are 
directly derived from field measurements and can be 
used to investigate specific ecophysiological processes, 

- Morphogenetic models which describe the average 
architectural development of the plants in a stable 
and homogeneous environment; 

- Models which link the architecture and the ecophysio¬ 
logical functioning of the plant. 

The paper is centered on the methods developed by 
AMAP (Atelier de Modelisation de TArchitecture des 
Plantes) Laboratory at CIRAD (Centre de Cooperation 
Internationale en Recherche Agronomique pour le 
Developpement). As suggested in this introduction, there 
are however several other teams and approaches in this 
field (for a recent reference, see ref. 11). 

Static 3-D plant models and their utilization 

Static 3-D plant models 

Static 3-D models of plants do not aim at describing 
how a plant functions and grows but at visualizing its 
architecture, as it is, at a given date. They are thus 
pure numeric descriptive models which can be obtained 
using various field and laboratory methods : reconsti ac¬ 
tion of tree architecture using coupled cameias and a 
pair of stereoscopic photographs'^, non-destructive dig¬ 
itizing techniques based on mechanical, ultrasound or 
magnetic devices'"^, manual measurement and coding of 
botanical entitiesA coffee tree digitized using a 
mechanical system is visualized in Figure 1. 


plants generated by morphogenetic rules (L-systems or 
reference axis: see below) can be simulated and linked 
to various physical light attenuation models: ray-tracing, 
radiosity, etc.'l In that case, the comparison between 
simulations and observations concerns the quantity of 
light that is transmitted to the ground through the foliage 

(Figure 2)^1 _ 

Such applications are very important, not only tor 
testing the biophysical and ecophysiological models of 
plants and stands but also for more direct agronomic 
or silvicultural purposes such as predicting the quantity 
of light available for crops or tree understorey species 
which grow under the canopy of higher plants 

Morphogenetic plant growth models 

The morphogenetic modelling approach aims at gener¬ 
ating 3-D virtual plants which are faithful to botany, li 
results in growth simulators which describe the archi¬ 
tectural development according to the genetic programme 
of the plant, in a given biophysical environment (stand 
density, site quality, etc.). This approach articulates two 
complementary parts: (i) the elaboration of mathematical 
models based on botanical knowledge and experimental 
measurements, (ii) the computer simulation of plant 
development based on these mathematical models. 

Measuring, coding and modelling plant 
architecture 

There are several approaches to empirically model plant 
morphology from field measurements. In the case of 
trees, for example, empirical allometric models have 


Use of static 3-D plant models 

Such static numerical plant models can be used foi 
various purposes: for visually exploring the qualitative 
and quantitative morphological variability of a species 
(see next section), as well as for investigating vaiioiis 
ecophysiological or biophysical processes, which depend 
on plant structure, and for elaborating, calibrating or 
validating process-based models. 

For example, it is possible to model the hydiaulic 
structure of a digitized plant and simulate its transpiiation 
according to ecophysiological knowledge and parameters, 
such simulations can then be tested by comparing the 
local information (e.g. sap flow, leaf temperature) pie- 
dicted on the virtual 3-D plant, to the observations made 
on the corresponding standing plant (Figure 1) . 

A similar application can be done for the interception 
and transmission of light through the canopy. Viitual 
3-D stands composed either of digitized plants or of 
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Figure 1. Visualization of a cligilized col lee tree {Cojfeo arabicci var, 
caturra) in Costa Rica. The tree was digitized by a non-destructive 
mechanical device. This plant model was used to model transpiration 
(Figure provided by J. Dauzat, CIRAD, Montpellier). 
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been developed to describe the relationship between 
branch growth (in length) and stem annual growth“^\ or 
to predict the vertical variation of branch diameter from 
usual tree characteristics: tree age, height and diameter 
at breast height^*. 

The comprehensive approach developed in AMAPmod 
software is based (i) on a botanical hierarchical and 
multi-scale description of the tree, and (ii) on stochastic 
growth and branching models. AMAPmod thus aims at 
representing, analysing and modelling the architecture 
of a (set of) plant(s) measured in the field”^. AMAPmod 
consists of a plant-oriented database management system 
and a set of tools and methods which operate on plant 
databases (Figure 3). The databases and tools are avail¬ 
able through a functional language called Amap Mod¬ 
elling Language (AML). 

AMAPmod relies on a standardized way of describing 
and coding the topological (relationships between 
botanical entities: e.g. leaves, internodes, annual growth 
units, branches, etc.), geometrical (e.g. 3-D orientation 
of a branch) and dimensional (e.g. length and diameter 
of a growth unit) structure of the tree. The computer 
representation of the trees (there may be several trees 
simultaneously described) uses the formalism of Multi¬ 
scale Tree Graphs (MTG). 

AMAPmod can be used to explore the organization 
of the plant by selecting and visualizing different types 
of data: values (e.g. the average number of internodes 
per growth unit), sequences of values (e.g. the sequence 
of flower-bearing and non flower-bearing internodes 
along a growth unit), tree-structured values, sets of 
values (e.g, the number of internodes per annual growth 
unit according to the position of the growth unit in the 
tree), sets of sequences of values, etc. 

AMAPmod can further be used to model the growth 



and branching processes from the different types of data 
described above. AMAPmod integrates several types of 
models-^: discrete distributions and combination of dis¬ 
crete distributions (e.g. for modelling the number of 
internodes per annual growth unit), renewal processes 
(e.g. for analysing time-marked sequences of events such 
as the dates of leaf appearance), discrete Markovian 
processes (e.g. for modelling the sequence of branched 
and unbranched internodes along an annual growth unit). 

A major perspective in this domain consists in utilizing 
AMAPmod for exploring the variability of plant archi¬ 
tecture of a given species: across genotypes, ecological 
conditions and/or agronomic and silvicultural treatments. 


Simulating the architectural development of 
plants 

The simulation of the architectural development of a 
plant may be realized using several techniques: (i) pure 
morphological algorithms which aim at generating plant¬ 
like models (e.g. fractals^"^), (ii) formal grammars 
(L-systems) which represent plant growth by 
morphogenetical rules'^’^^ (iii) the ‘reference axis’ tech¬ 
nique which has been implemented in AMAPsim soft¬ 
wares^ (see below). The two latter techniques rely on 
a description of the morphogenetic processes and can 
thus be linked to field observations. 

The ‘reference axis’ in AMAPsim may be considered 
as a graph which describes and links the different 
architectural states of the growth units within the same 
plant. The graph is indeed associated to an automaton 
which simulates the changes in the ‘physiological age’ 
of the growth units^’^ along the various tree axes, as 
they appear and grow. For example: the change in the 
physiological age may either be progressive (e.g. to 
describe the drift along a given axis); it may also be 



Fij^ure 2. Siinulatecl map i)l‘ iransniiilcd PAR (Photosyntheiic Active 
Radiation) under a 20-ycar-old coconut plantation'^ (Figure provided 
by J. Dauzat, CIRAD, Montpellier). 


Figure 3. The AMAPmod software: from field observation.s to plant 
models (Figure provided by C. Godin and Y. Guedon, CIRAD, 
Montpellier). 
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brutal (e.g. loss of vigour between a carrying branch 
and the carried branchlet). To a given physiological age, 
AMAPsim associates stochastic models and their 
parameters (models and parameters can be identified 
and estimated from field observations using AMAPmod 
software, see above). If, for a given physiological age, 
no information is available, AMAPsim can interpolate 
between the physiological ages for which the parameters 
are known, 

A crucial point is that AMAPsim is linked to AMAP- 



mod and that the theory of graphs and automata makes 
it possible to estimate the transition probabilities among 
the states in the graph from experimental data (which 
is not the case for most simulation methods which 



Figure 6. Visualization of four simulated 90 days-old tobacco plants 
grown under different light conditions: a, lOKlux; b, 20 Klu^ c 30 
Klux, d, 40K1UX (ref 29) (Figure provided by H. Rey, CIRAD, 
Mnnrnellier), 


Figure 4. Simulated growth of a pine iPinux niam). I0-. '5- and 
20-yenrs old (unpublished figure provided by Y. Caragho, CIKA , 
Montpellier). 



Figure 5. Simulated growth of a Eucalyptus saltgna 

18-, 42-months old^-« (Figure provided by T. Couduner, CIRAD, 

Montpellier). 
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Figure 7. A simulated 11-year-old oil palm tree (Heue/.s 
in Ivory Coast. The architecture of the aerial and root syst . 
was independentlv modelled (with AMAPmod) ,A''i 

AMAPsim)^" (Figure provided by C. Jourdan, CIRAD, Montpelhei). 
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cannot be ‘fed’ by observations). There is thus a bridge 
between empirical observations of plant architecture and 
the morphogenetic simulations of AMAPsim, thus the 
possibility to adjust and validate the model. 

The functionalities of AMAPsim are illustrated in 
Figures 4 to 7. AMAPsim can be used to generate 3-D 
virtual plants for situations (i.e. species, site quality, 
stand density) which have been observed in the field 
(Figures 4 and 5), but also to interpolate between various 
situations where controlled experiments have been moni¬ 
tored (Figure 6). AMAPsim and the reference axis can 
also be used to represent and simulate the architecture 
of root systems (Figure 7). Besides applications already 
discussed (see above: radiative transfers, water conduc¬ 
tion), these 3-D virtual plant models can be used for 
various purposes: to estimate the aerial biomass, to 
evaluate the volume of soil prospected by the roots, to 
simulate the retrodiffusion of the canopy for calibrating 
remote sensing techniques, to study the mechanical status 
of a standing tree, etc. 

Combining ecophysiological and architectural 
models 

The trend to combine process-based and architectural 


models relies on the idea that plant functioning and 
structure are intimately intertwined, that the integration 
of ecophysiological knowledge is needed to simulate the 
reaction of the plants to changing environments and that 
structural information is important for many agronomic 
and silvicultural applications. The aim of such models 
is indeed to develop virtual experiments which, provided 
that the models are well calibrated and validated, may 
save a lot of time-consuming and expensive field ex¬ 
periments and provide a comprehensive understanding 
of the underlying processes. There are however different 
ways to represent these links: (i) plant and canopy 
structures can be considered as factors which condition 
the physiological processes (see above ‘Use of static 
3-D plant models’); (ii) plant architecture can also be 
seen as the output of ecophysiological processes (see 
below); (iii) the reciprocal influence of structure and 
functioning can be Jointly integrated into a single model 
(see below). 

Morphogenetic models driven by ecophysiological 
processes 

Process-based models can be used to predict the global 
behaviour of the plant (e.g. biomass production of broad 
compartments, total number of fruits, etc.) and constrain 



Without nitrogen 



With nitrogen 


Figure 8. Influence of nitrogen availability on cotton growth and architecure (Software: Gossyra 
and AMAPsim)^‘. 
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Fruit weight (g): 425 303 317 

Figure 9. SimiihKctl structure ul a tomato plant grown under controlled conditions (Software: TOMGRO and 
AMAPsimp, 



Ficurc 10' Theoretical modelling of tree growth as the joint result of morphogenetic programme and ecophysiological processes (software: 
AMAPpara) At date n (time step is one year), the cumulated transpiration of the tree is computed as the result of water potential (At/-,, - difference 
beVween leLs and soil) and the hydraulic structure of the tree which depends on: the number of branch growth units 

are photosynthetically active (/,); the number of root growth units which can absorb water ( 4 ); the resistance of the various structural elements 
(r, = resistance of leLes to trail'spiration and of absorbing roots to water absorption; = resistance to sap ^ 

p, = resistivity to sap conduction in sapwood annual growth rings; j= 1 for the aenal system; 7 = 2 for the root system). The annual dry mauer 
yield (0) is^ suppoLd to be proportional to the annual transpiration (/: = water use efficiency). Dry matter is then partitioned among various 
^sinksMo make!^^either immediately or with a 1 -year delay, new elements according to their morphological constraints: annual growth ring 
around existing stem, branch and root growth units; new branch or root growth units; new leaves and '"S 

For simple Lterministic morphogenetical programmes, this model yields a simple recurrence formula which 
carbon as.sLilation, dry matter partitioning, size of new elements) to its aerial and root architecture. This formula accounts for memory effects 
which are cumulatively inscribed into tree structure; 


Qn = 


k‘ A'lp^^ 


I 

/= 1.2 


■A.+ tj B, 


ra,-' 


+ pj -Cj 


1 


e,-, 


•e„-, 


where a = allometric parameter which describes the morphology of the growth units; A Bj, = parameters which f ® 

the various plant elements and on the rules of dry matter partitioning. For more realistic morphogenetical programmes, tree growth is simulated 

using AMAPpara softwai'e. 
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Trunk radius (cm) 


Tnmk radius (cm) 


Figure 11. Simulation of pine growth in a grove as the result of tree architectural development regulated by competition for space (self-pruning) 
and internal resistance to sap conduction. Top: side view of tree architecture; Middle: view from above; Bottom middle: view of tree architecture 
of the open grown tree (right) and the central tree (left); Bottom right: longitudinal section and transversal section (at stump level) of the stem 
of the open grown tree; Bottom left: longitudinal section and transversal section (at stump level) of the stem of the central tree (Figure provided 
by F, Blaise, CIRAD, Montpellier). 
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its morphogenetic programme. This approach is being 
developed to simulate detailed growth of the cotton tree. 
This work consists of linking the AMAPsim software 
to the GOSSYM-COMAX system^\ an ecophysiological 
model which was developed independently at USDA. 
The GOSSYM model simulates mass, number, size and 
type of organs, water and nitrogen stresses, carbohydrate 
production and partitioning, and the complete description 
of the cotton plant topology. GOSSYM could be made 
more useful by taking into account the plant geometry 
provided and visualized by AMAPsim. For example, 
GOSSYM and AMAP are jointly able to describe and 
predict the effects of fertilization on cotton growth and 
production (Figure 8). 

Another example deals with the growth of tomato : 
the method again consists in coupling an ecophysiological 
model, Tomgro, and AMAPsim (Figure 9). 

Process-based architectural models 

In this case, the double regulation, of the ecophysiological 
processes by the structure of the plant and its neighbours, 
and of the morphogenetic programme by the availability 
of the internal and external resources produced or con¬ 
sumed by the physiological processes (e.g. photo- 
synthates, water, light, space), is explicitly considered 
in the very same model. Such an approach is being 
implemented in AMAPpara which simulates the parallel 
functioning and growth of plants which interact with 
each other^^”^^. 

AMAPpara includes an architectural description of 
aerial and root systems. Their morphogenetic programme 
is a priori parameterized according to the selected species 
(topology, geometry, allometric relationships for botanical 
elements such as leaves, maximum lifespan of leaves 
and roots). The actual architectural development of the 
plant is then regulated by physical constraints (compe¬ 
tition for space and light^^) and physiological processes 
(water transpiration, carbon assimilation, allocation of 
photosynthates, etc.) which themselves depend on the 
structure and biophysical environment of the plant 
(internal hydraulic architecture, competition for space 
among neighbour trees, light interception including 
self-shading). An ecophysiological component of AMAP¬ 
para is illustrated in Figure 10 and a simulation of a 
small grove is provided in Figure 11. 


Discussion 

The approach reviewed in this paper aims at developing 
agronomic or silvicultural virtual experiments. It relies 
on the integration of diverse knowledge, ecophysiological 
and morphological, and of mathematical and computer 
techniques. Although ‘virtual-oriented’, this approach is 
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not purely theoretical: on the contrary, it is based on 
a good and detailed botanical description of the plants, 
and there is a strong need for experimental data to fit, 
calibrate and validate the various components described 
above; this approach is also helpful in suggesting future 
critical experiments (to test some of the underlying 
hypotheses). 

Another important remark is that there is a need to 
simultaneously develop (i) mathematical models which 
are analytically tractable for simple plants and provide 
a qualitative understanding of plant behaviour (e.g. Figure 
10), and (ii) modular simulation software which can be 
linked to each other and used for plants which have a 
complex architecture. 

The applications of this approach are numerous, from 
higher education (it provides a good way to compre¬ 
hensively integrate several pieces of knowledge) to the 
elaboration of agronomic and silvicultural guidelines, 
the calibration of remote sensing techniques and the 
visualization of large landscapes. As an example, a 
collaborative research project was recently designed by 
the French Institute, Pondicherry, with the long-term 
aim to study and simulate the dynamics of the moist 
evergreen forests of the Western Ghats^^’^^. 
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Mechanism of insulin action 
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Insulin acts on target cells via membrane-bound tetra- 
meric receptors with tyrosine kinase activity. Binding 
of insulin to extracellular a-subunits of insulin receptor 
(IR) leads to autophosphorylation followed by in¬ 
creased tyrosine kinase activity in the cytoplasmic 
/S-subunits of IR. Increased tyrosine kinase activity of 
IR phosphorylates and activates a protein called insulin 
receptor substrate-1 (IRS-1). Then activated IRS-1 
interacts with a number of signalling proteins and 
transmits insulin signal through various signal 
transduction pathways. Activation of PI3-kinase by 
IRS-1 results in translocation of glucose transporters 
(GLUT 4) to the cell membrane and increased glucose 
influx. IRS-1 also activates p21"''^ via GRB2. Insulin 
action via P21'^^®-MAPK-pp90 S6 kinase alters nuclear 
events and glycogenesis. Insulin-activated IR and IRS-1 
also interact with several other signalling proteins. 
However, the details of insulin action via these proteins 
and resultant biological effects remain to be investigated. 


In the last two decades, significant progress has been 
made in unravelling the facts regarding mechanism of 
action of a large number of hormones^'. In general, 
while hydrophobic hormones (e.g., androgens, oestrogens, 
progestogens, corticosteroids, iodothyronines, etc.) pro¬ 
duce their biological effects at target cell by increas¬ 
ing/decreasing DNA-dependent RNA synthesis, 
hydrophilic hormones (peptides/proteineceous hormones) 
act through their membrane-bound receptors and induce 
formation of second messengers (e.g„ cAMP, cGMP, 
IP 3 , DAG, etc.) which mimic actions of hormonesl 
However, unlike other hydrophilic hormones, insulin 
does not use any of the known second messengers 
involved in hormonal signal transduction^"^. Insulin, in 
addition to its major role in glucose homeostasis, also 
influences a number of other cellular processes such as 
glycolysis, glycogenesis, transport of ions and amino 
acids, lipid metabolism, DNA synthesis, gene transcrip¬ 
tion, mRNA turnover, protein synthesis and degradation, 
etc., and plays a major role in cellular growth and 
differentiation (Figure 1)'. The physiological importance 
of insulin becomes prominent in case of diabetes mellitus, 
related ketoacidosis and other complications^'’^. Keeping 
in view the importance of insulin and to fully understand 
the events responsible for insulin resistance and the 
pathophysiology associated with insulin, it is necessary 
to know in detail the molecular mechanism of insulin 
action. This article incorporates a summary of the latest 
information on the mechanism of action of insulin with 


special reference to its receptor and major components 
of insulin-signalling pathway. 

Insulin receptor 

The insulin molecule is composed of two peptides which 
are called as a-chain and / 8 -chain. These chains are 
composed of 21 and 30 amino acid residues, respec- 
tively^’l The molecular weight of insulin ranges between 
5700 Da and 6100 Da. Insulin is formed in / 8 -cells of 
‘islets of Langerhans’ that are scattered within the exo¬ 
crine tissue of pancreas and comprise l%- 2 % of the 
total pancreatic mass. Insulin is synthesized as a large 
but biologically inactive molecule called preproinsulin, 
which is composed of 108 amino acid residues and 
possesses an amino terminal ‘signal sequence’ of 24 
amino acid residues. The signal sequence directs translo¬ 
cation of preproinsulin into the endoplasmic reticulum 
where it is packed into secretory vesicles. Proteolytic 
removal of the signal sequence and formation of three 
disulfide bonds result in the formation of a smaller 
molecule called proinsulin (molecular weight: 9000 Da), 
which is composed of 84 amino acid residues. Proinsulin 
contains a- and /?-chains linked by a connecting sequence 
(C-peptide) composed of 33 amino acid residues. When 
elevated blood glucose triggers insulin secretion, pro¬ 
insulin is instantly processed in the Golgi complex to 
remove C-peptide with the help of specific peptidases. 
Enzymatic removal of C-peptide leads to formation of 
biologically active insulin in which a- and / 8 -chains are 
held together by two inter-chain disulfide bonds that 
are formed between the cystein residues at positions 7 
and 20 of the a-chain and at positions 7 and 19 of the 
/3-chain, respectively. An intra-chain disulfide bond is 
present between the cystein residues at positions 6 and 
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Figure 1. Insulin is involved in the regulation of a wide range of 
vital metabolic pathways and cellular functions. Its deficiency leads 
to diabetes and related disorders. 
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11 of the a-chain. It is important to mention that blood 
serum contains ‘insulin-like’ substances whose activities 
are not suppressed by antibodies which totally block 
the effects of insulin. These substances were first ex¬ 
tracted with cold acid ethanol and separated into soluble 
and precipitable fractions. The two fractions were for¬ 
merly termed as ‘nonsuppresible insulin-like activity’ 
(NSILA) and ‘nonsuppressible insulin-like protein’ 
(NSILP). Now they are called as ‘insulin-like growth 
factor-!’ (IGF-I) and ‘insulin-like growth factor-IT (IGF- 
II), respectively^ Further, similar to proinsulin and in¬ 
sulin, IGF-I and IGF-II also contain three disulfide 
bonds, and 45% of the amino acids comprising IGF-I, 
IGF-II and insulin are identical. However, IGF-I, IGF-II 
and insulin act via their specific receptors^"^ 

Insulin acts on its target cells through its membrane- 
bound specific receptors. Insulin receptors are expressed 
in almost all mammalian tissues. The highest concen¬ 
tration of insulin receptor (> 300,000 receptors/cell) has 
been found in adipose tissue and liver - the major targets 
of insulin^. The native insulin receptor is composed of 
2 a- and 2 /?-subunits (Figure 2)^“. The a- and /?-subunits 
are covalently linked through disulphide bonds to form 
an hetero-tetramer’^ The insulin receptor has 
a molecular weight of approximately 350,000 Da as 
estimated by reducing SDS-PAGE. The molecular weight, 
as estimated by reducing SDS-PAGE, of a-subunit and 
^-subunit has been found to be 135,000 Da and 95,000 
Da, respectively'‘ 


^r-subunit 


The a-subunit, which is located entirely extra-cellularly, 
is responsible for insulin (ligand) binding'^“'^. In vitro 
mutagenesis and biochemical investigations indicate that 
the N-terminal domain (exons 1-3) is required for ligand 
recognition and also for high affinity ligand binding'^"'^ 
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Figure 2. Schematic struciure of insulin receptor. Insulin receptor is 
composed of two a-subunits and two/3-subunits. The a-subunits interact 
with each other and form a single binding site for insulin. The 
cytoplasmic domains of /5-subunits contain sites for autophosphorylation 
and possess tyrosine kinase activity. 


Exons 3-5 encode a cysteine-rich domain. This domain 
is involved in ligand binding as well as in the formation 
of a-a disulphide bonds which covalently link the 
heterodimers'^"^'. Recently it has been shown that 
a disulphide bond is formed between Cys-524 of one 
a-subunit to Cys-524 of the adjacent a-subunit. Cys-435 
and Cys-468 are reported to form an intra-subunit di¬ 
sulphide bridge^'. The last few amino acid sequences 
of C-terminal of a-subunit contain the alternatively 
spliced exon 11. This domain also plays an important 
role in recognition and binding of insulin. Further, 
C-terminal is involved in covalent interactions with the 
//-terminal of /3-subunit and in signal transmission from 
insulin-bound a-subunit to /3-subuniF^. Partial removal 
of a-subunit by digestion with trypsin or in vitro 
mutagenesis activates tyrosine kinase activity of the 
/3-subunits^^ It, thus, seems that in the absence of insulin 
the a-subunit maintains a constraint on the /3-subunit 
which inhibits constitutively active tyrosine kinase. 


/S-subunit 

The /8-subunit of insulin receptor is composed of three 
domains, i.e, a short extra-cellular domain, a trans- 
membrane (TM)-domain and an intracellular domain. 
The extra-cellular domain contains sites for N- and 
0-linked glycosylation^^'^. The trans-membrane domain of 
the /3-subunit is composed of 23 amino acid residues. 
The intracellular (cytoplasmic) domain contains a tyrosine 
specific protein kinase (tyrosine kinase)^^. The endo¬ 
genous tyrosine kinase activity is a prerequisite for 
insulin action^^ In vitro mutagenesis experiments indicate 
that replacement of a critical lysine residue (Lys-1030) 
located in the ATP-binding site by other amino acids 
inhibits autophosphorylation and completely inactivates 
the kinase activity without having any effect on insulin 
binding^’^’^l Substitution of Lys-1030 also blocks the 
metabolic and growth-promoting effects of insulin^^"^^'. 

So far it is not exactly known how binding of insulin 
to extra-cellular domain of receptor activates the cyto- 
plamic domain containing tyrosine kinase activity. The 
ligand-induced dimerization/oligomerization of tyrosine 
kinase receptors reportedly results in increased tyrosine 
kinase activity^^ Insulin receptors also undergo dimeri¬ 
zation or oligomerization during signalling^^’^^. Insulin- 
induced autophosphorylation first occurs in one /3-subunit 
which phosphorylates the adjacent /3-subunit within the 
holoreceptor by the process of trans-phosphorylation^‘'“^^. 
It seems that insulin binding induces dimerization/oli¬ 
gomerization of insulin receptors and thereby increases 
the autophosphorylation of /3-subunits resulting in in¬ 
creased tyrosine kinase activity of the cytoplasmic domain 
of the receptor^''’^^. Attempts have been made to establish 
the role of the trans-membrane domain of insulin receptor 
in tyrosine kinase activation. Studies involving in vitro 
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site-directed mutations, substitution of trans-membrane 
domains from other membrane-bound receptors, altera¬ 
tions in length and orientation, and modification of the 
charged residues that flank the TM domain suggest that 
the TM domain of insulin receptor plays a passive role 
and can tolerate a wide range of changes without having 
any effect on the signal transduction process^l However, 
some mutations indicate that the TM domain might be 
playing a more complex role in trans-membrane signal- 
ling^^’"^”. Recent reports suggest that the TM domain 
might be involved in regulation of ligand-induced 
internalization of the receptorIt seems to decrease 
the rate of receptor internalization resulting in slower 
degradation of receptors and increased half-life of the 
active receptors. The increased receptor half-life prolongs 
the duration of insulin-induced signal transduction. 

Binding of insulin to a-subunit triggers tyrosine phos¬ 
phorylation in the /?-subunit of the insulin receptors. 
The phosphorylation cascade involves 6 to 7 tyrosine 
residues^^’^^ Tyr-1158, Tyr-1162 and Tyr-1163 residues 
(+ exon 11 form of the receptor) are found to be the 
major sites of autophosphorylation and constitute the 
regulatory domain of tyrosine kinase. When these residues 
are mutated to Phe (single or multiple), the autophos¬ 
phorylation and kinase activation are significantly im- 
paired"^"^. Further, these mutations also reduce the ability 
of insulin receptors to phosphorylate insulin receptor 
substrate-1 (IRS-1) and modulation of insulin-associated 
biological functions'^^"'^^. The C-terminal of the ^-subunit 
contains two additional sites of Tyr autophosphorylation 
(Tyr-1328 & Tyr-1334) which are not essential for 
activation of tyrosine kinase"^^*"^^. The probable function 
of these two additional sites of autophosphorylation 
remains to be established. The juxtamembrane region 
of the j3-subunit contains at least one autophosphorylation 
site (Tyr-972)^”~^l Phosphorylation of the kinase regu¬ 
latory unit is not essential for the phosphorylation of 
Tyr-972 and phosphorylation of Tyr-972 is not important 
for the activation of tyrosine kinase^*\ However, studies 
involving point mutations directed at Tyr-965, Tyr-972 
and Tyr-984 indicate that the juxtamembrane region of 
the receptor is also involved in insulin- induced inter¬ 
nalization of receptors and phosphorylation of IRS-1 
(refs 53-56). Insulin receptors mutated at ATP-binding 
site (Lys-1030) are unable to undergo autophosphoryla¬ 
tion, do not possess tyrosine kinase activity and are 
incapable of transmitting signals which produce biological 
effects. It is, thus, clear that the juxtamembrane region 
of the ^-subunit is a highly functional domain required 
for insulin-induced receptor internalization and signal 
transduction through IRS-1. 

It is important to mention that the insulin receptor is 
synthesized as a proreceptor (molecular weight: 180,000 
Da) encoded by a single mRNA transcribed by a single 
gene. The receptor gene is located on the short arm of 
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the chromosome 19. It is composed of about 150 K 
base pairs and contains 22 exons and 21 introns^^ 

The proreceptor is immediately processed in the rough 
endoplasmic reticulum where it is rapidly glycosylated 
followed by the formation of intra- and inter-subunit 
disulphide bonds. The post-transcriptional processing of 
the proreceptor occurs in the golgi complex where it is 
cleaved by proteolytic enzyme at the tetrabasic sequence 
(Arg-720-Lys-721-Arg-722-Arg-723) located at the 
junction of the a- and ^-subunits^'^'^l The proreceptor 
seems to be hydrolysed/processed by furin enzyme which 
belongs to the Kex2-related protein convertase family^^ 
After processing in the golgi complex, a functional 
heterotetramer receptor is formed which is transported 
and embedded in the plasma membrane. 

Components in insulin-induced signal 
transduction 

As mentioned earlier, binding of insulin to its receptor 
induces autophosphorylation and tyrosine kinase activity 
of the receptor. Interactions between phosphorylated 
insulin receptor and cytoplasmic proteins seem to be 
very important for expression of insulin action^"^. Inter¬ 
actions of phosphorylated receptors with signalling pro¬ 
teins directly or indirectly via insulin receptor substrates 
form a large signalling complex (Figure 3). Recent 
findings suggest that phosphorylated insulin receptor 


Insulin 



Figure 3. Major components of insulin-induced signal transduction. 
Binding of insulin to its receptor leads to autophosphorylation and 
increased tyrosine kinase activity in the )3-subumts. The increased 
tyrosine kinase activity phosphorylates and activates insulin receptor 
substrate-1 (IRS-l) which acts as a docking molecule for other cyto¬ 
plasmic signalling proteins (e.g., PI3-kinase, GRB2, Syp, Nek, etc.). 
IRS-1 transmits insulin-induced signals via signalling proteins which 
diversify the signal transduction pathways. GRB2 = growth factor re¬ 
ceptor bound protein 2; lRS-1 = insulin receptor substrate-1; Nck=a 
47 kD adapter protein; PAKs = p21-activated kinases; PI3-kinase = Phos- 
phatidylinositol-3-kinase; pp70 S6 kinase = a ribosomal protein, Ras 
Complex = p2T'‘" + mSOS + GAP with p62; Shc = a novel transforming 
protein; Syp = a protein tyrosine phosphatase. 
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transmits signal by phosphorylating a protein called 
insulin receptor substrate-1 (IRS-1 The phosphorylated 
IRS-1 acts as a docking protein and interacts with 
several other signalling proteins to complete the process 
of signal transduction leading to expression of biological 
effects of insulin^^. In addition to this mechanism, the 
tyrosine kinase activity of insulin receptor might also 
be transmitting downstream signal by phosphorylating 
other cytoplasmic signalling proteins and transcription 
factors without involving IRS-1. There are also indica¬ 
tions that insulin increases phosphorylation of cAMP 
responsive element binding protein (a transcription factor) 
and accelerates transcription activity associated with 
growth and proliferation of cells. A critical account of 
major components involved in the mechanism of insulin 
action through different signal transduction pathways is 
given below. 

Insulin receptor substrate-I 

In different types of insulin-sensitive cells (hepatoma 
cells, 3T3-L1 adipocytes, rat-1 fibroblasts, CHO cells, 
human epidermal carcinoma cells, rat adipocytes, etc.) 
insulin was reported to induce phosphorylation of a 
protein within seconds^^. Since the phosphorylated protein 
was found to have a molecular weight of 185 kDa, it 
was termed as ppl85 (phosphorylated protein 185). 
However, the precise role of ppl85 in insulin-induced 
signal transduction remained unknown. Later on it was 
reported that the mutated receptors, in which Tyr-972 
(IR Tyr-972) was substituted by Phe (IR-F972) in the 
juxtamembrane region, were normal for insulin binding, 
autophosphorylation and Tyr kinase activation, but were 
ineffective in inducing phosphorylation of ppl85 (ref. 
55). The mutated receptors were also unable to mediate 
insulin-induced synthesis of glycogen and DNA. These 
findings were the first indication that phosphorylation 
of ppl85 is essential for insulin action and insulin- 
associated signal transduction. 

The ppl85 was purified and partially sequenced to 
obtain oligonucleotides for screening the rat liver com¬ 
plimentary DNA (cDNA) libraries^^. As a result, a 
complete cDNA clone was obtained. The sequence analy¬ 
sis indicated that the cDNA encodes an unique new 
protein^^ This protein was termed as insulin receptor 
substrate-I (IRS-1). IRS-1 has a molecular weight of 
131,000 Da. However, unphosphorylated and phospho¬ 
rylated IRS-1 migrate on SDS-PAGE around the 
molecular weights 160,000 Da and 180,000 Da, 
respectively. IRS-1 contains a consensus sequence for 
a nucleotide-binding site at A-terminus, a pleckstrin 
homology (PH) domain, a phosphotyrosine binding (PTB) 
domain, 20-22 potential Tyr phosphorylation sites and 
40 potential Ser/Thr phosphorylation sites^'^’”^". Though 
both PTB and PH domains link IRS-1 with the insulin 
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receptor, the PH domain forms the main link between 
the insulin receptor and IRS-1 (ref. 71). Ser/Thr phos¬ 
phorylation sites might be substrates for several kinases 
(e.g,, cGMP-dependent protein kinase (PKG), casein 
kinase-II, calcium-dependent protein kinase (PKC), 
cAMP-dependent protein kinase (PKA), MAP kinase, 
etc.). The potential Tyr phosphorylation sites and also 
the immediate surrounding amino acid sequences are 
highly conserved in IRS-1 homologues. The immediate 
amino acid sequences around the Tyr phosphorylation 
sites seem to serve as potential binding sites for signalling 
proteins which contain SH2 domains^^. In the absence of 
IRS-1, another substrate of insulin receptor called as 
IRS-2 (insulin receptor substrate-2) has been reported 
to interact with the autophosphorylated insulin recep¬ 
tor and to mediate the insulin-induced signal transduc- 
tion^'-^^ 


IRS-1 signalling complex 

After identification of IRS-1, attempts were made to 
identify other components of IRS-signalling complex. 
Studies conducted with the help of cloning and expression 
of IRS-1 have identified several signalling proteins which 
interact with IRS-1 and serve as essential components 
for insulin-signalling network. IRS-1 acts as a docking 
protein and transmits signals via different signalling 
proteins for different purposes. There are at least five 
proteins (PI3-kinase, GRB2, p85a and p85^, Syp, Nek) 
which interact with IRS-1 and transduce insulin-induced 
signals for various cellular functions^"^. A brief intro¬ 
duction of these proteins and their role in insulin signal 
transduction is given below. 

P13-kinase 

PI3-kinase is a heterodimeric enzyme composed of two 
subunits, i.e. a regulatory subunit and a catalytic subunit. 
The regulatory subunit (molecular weight: 85,000 Da) is 
called as p85 and the catalytic subunit (molecular 
weight: 110,000 Da) as pi 10 (refs 76, 77). The p85 
subunit contains two SH2 and one SH3 domains. Further, 
this unit also possesses regions homologous to ‘break¬ 
point cluster region’ (BCR) kinase and p2F'“‘"-GTPase 
activating protein (p2r'‘'‘‘'-GAP). PI3-kinase catalyses 
phosphorylation of phosphoinositides (PI), phosphatidyl- 
inositol-4-phosphate (PI-4-P) and phosphatidyl-inositol- 
4,5-bisphosphate (PI-4, 5 -P 2 ) leading to formation of 
phosphatidylinositol-3-phosphate (PI-3-P), phosphatidyl- 
inositol-3,4-bisphosphate (PI-3, 4 -P 2 ) and phosphatidyl- 
inositol-3,4,5-triphosphate (PI-3,4,5-P3)^^ Studies based 
on in vitro experiments using immunoprecipitated PI3- 
kinase and recombinant IRS-1 suggest that PI3-kinase 
has a high affinity for phosphorylated IRS-l. Addition 
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of phosphorylated IRS-1 activates PI3-kinase''‘''''’= ''l Fur¬ 
ther, the receptor, which has normal kinase but 

fails to phosphorylate IRS-1, is unable to mediate 
insulin action and in activating PI3-kinase. Recently 
IRS-1 has been reported to be associated with PI3- 
kinase’'*. The association of PI3-kinase with IRS-1 acts 
as an activation step for the kinase*^. When insulin 
binding stimulates Tyr kinase and phosphorylation of 
IRS-1, the SH2 domains of PI3-kinase bind preferentially 
to four phospho-peptide segments of IRS-1 surrounding 
Tyr-460, 608, 939 and 987 (ref. 80). These findings 
suggest that phosphorylated IRS-1 binds to p85 SH2 
domain of PI3-kinase and activates several signalling 
pathways. PI3-kinase seems to diversify the insulin- 
induced signal transduction via pp70 S6 kinase, GLUT4 
containing vesicles and p21-activated kinases (PAKs) 
(Figure 4). The p85 SH2 domain of PI3-kinase can also 
bind directly to the insulin receptor**'. However, the 
significance of direct interaction between p85 and insulin 
receptor remains unknown. 


Insulin promotes growth of mammalian cells and 
oocyte maturation of Xenopus by acting via IRS-1 — PI3- 
kinase pathway. Insulin stimulates tyrosine phosphory¬ 
lation of IRS-1 by several folds in CHO cells 
overexpressing the insulin receptor (CHO/IR) or IRS-1 
(CHO/IRS-1) or both (CHO/IR/IRS-1). The level of 
expression of IRS-1 has been found to be directly 
correlated with the level of association and activation 
of PB-kinase"'^. CHO cells expressing an antisense mRNA 
and rat-1 fibroblasts microinjected with IRS-1 antibodies 
have recently provided evidence for insulin-induced cell 
growth via IRS-1-PI3-kinase signalling pathway. Cells 
expressing the IRS-1 antisense mRNA exhibit significant 
decrease in insulin-stimulated Tyr-phosphorylated IRS-1 
and PI3-kinase activity associated with simultaneous 
decrease in insulin-stimulated DNA synthesis'*^ Further, 
rat-1 fibroblasts microinjected with lRS-1 antibodies do 
not respond to insulin^l As mentioned earlier, insulin 
induces oocyte maturation in Xenopus. In Xenopus oocyte, 
microinjected IRS-1 is promptly phosphorylated after 
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malian homologue to the Drosophila Son-of-sevenless protein; Syp = a protein tyrosine phosphatase. 


CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


997 





REVIEW ARTICLE 


treatment with insulin. In this case there is about 8 -foId 
increase in PI 3 -kinase activity associated with IRS-1 
(ref. 84). These findings clearly suggest that insulin 
produces its effect on mammalian cell growth and 
Xenopus oocyte maturation by phosphorylating IRS-1. 
PI3-kinase binds to phosphorylated IRS-1 and gets 
activated. The activated PI3-kinase phosphorylates PI, 
PI-4-P, PI-4,5-P-,, leading to formation of PI-3-P, PI- 
3, 4 -P 2 , PI-3,4,5-P3 (IP 3 ), etc. These phosphorylated 
compounds (mainly IP 3 ) are supposed to act as insulin- 
induced signalling molecules and stimulate mammalian 
cell growth and Xenopus oocyte maturation^"^. Insulin 
has been recently reported to activate a p 21 -activated 
kinase (PAK) in muscle cells via PI3-kinase^^ However, 
the PI3-kinase-PAK downstream signalling cascade and 
its importance remain to be established. 

GRB2 

Insulin-activated IRS-1 also binds to a small adapter 
protein called growth factor receptor bound protein 2 
(GRB2). It contains SH2 and SH3 domains and binds 
to phosphorylated IRS-1 at Tyr-895 after stimulation by 
insulin”^"^l GRB2 links IRS-1 and the p2r''" signalling 
pathway. The SH3 domain of GRB2 non-covalently 
interacts with the p2r"‘' GDP/GTP exchange factor, 
mSOS (mammalian homologue to the Drosophila Son- 
of-sevenless protein) leading to increased acti- 

vity89-9i^ Ras (p2r"‘': a ras protooncogene product) is a 
21 kD membrane-bound GTP-binding protein (G-protein). 
It plays an important role in regulation of cell growth 
and tumour formation. It belongs to a super-family of 
small G-proteins which are actively involved in cell 
growth, protein transport, vesicular transport, etc^“'“‘^‘^. 
The active form of p2r'‘‘'^ is bound to GTP and inactive 
form to GDP. However, after stimulation by insulin, 
GDP bound to p2r'''" is replaced by GTP. Thus, p2r‘‘‘‘' 
shuttles between GDP- and GTP-bound forms. This 
cycle is regulated by GTPase-activating protein (GAP) 
and mSOS*'^^*'^^ p 2 r“'' transforms cells by stimulating 
Ser/Thr phosphorylation cascade which leads to activation 
of the mitogen-activated protein kinase (MAPK) signal 
transduction pathways'^^ Microinjection of p2r'“" anti¬ 
bodies in cells inhibits insulin-induced cell growth. In¬ 
sulin stimulates p2r"‘'' complex through IRS-1 and GRB2 
(Figure 4). For inducing cellular transformation, IRS-1 
interacts with both GRB2 and Syp (a phosphatase)^^. 
The stimulated Ras complex has been reported to interact 
with and to activate Raf-1 kinase which phosphorylates 
and activates MAPK kinase (MAPKK)‘'^^"‘‘'^^ Then 
MAPKK induces phosphorylation and activation of 
MAPK’”^ The active MAPK phosphorylates ribosomal 
protein pp90 S 6 kinase leading to its activation’^^l In 
turn, insulin-activated pp90 S 6 kinase stimulates glyco¬ 
gen-associated protein phosphatase-1 (GPP-1). Thereafter, 
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GPP-1 dephosphorylates the enzyme glycogen synthase 
and makes it active. Simultaneously, GPP-1 inactivates 
phosphoi 7 lase kinase (PRK) and glycogen phosphorylase 
(GPR) by catalysing their dephosphorylation. Thus, 
insulin-induced activation of glycogen synthase and 
inactivation of PRK and GPR via IRS- 1 —GRB2—Ras 
(p2r‘'''*)“Raf-l-pp90 S 6 kinase results in acceleration of 
glycogen synthesis^^^^. 

Insulin can also stimulate p21''‘‘''^ complex via She 
without involving IRS-1. She is a newly discovered 
novel transforming protein which is supposed to provide 
an alternate pathway that links insulin-induced signals 
to p 21 ''''" signalling pathway involved in mitogenic signal 
transduction^*’"^. She contains a Sre homology 2 (SH2) 
domain and a phosphotyrosine binding domain. In this 
pathway, the phosphorylated insulin receptor interacts 
with and phosphorylates Shc’*’^“‘*’^ Interaction of phos¬ 
phorylated insulin receptor with the PTB domain of She 
is necessary for phosphorylation and activation of She’*”*. 
The residues which control the specific binding of She 
PTB domain to phosphotyrosine sites of insulin receptor 
have recently been identified’*”'’. Further, She PTB domain 
has been found to be essential for insulin-induced DNA 
synthesis and mitogenic signalling”*’. The amino terminal 
domain of She interacts with insulin receptor in phos¬ 
phorylation-independent manner and its importance re¬ 
mains to be studied”'. The SH2 domain phosphorylated 
She provides a binding site for GRB2 and results in 
the formation of a She—GRB2—mSOS complex and 
activation of p2r'"-Raf-l-MAPK-pp90 S 6 kinase path- 
^^yU) 5 ,i ()6 Under the influence of insulin-like growth 
factor-I (IGF-I) and epidermal growth factor (EGF), She 
interacts with adapter proteins (adaptins) which regulate 
endocytosis of receptors”“. However, the question 
whether insulin also induces interaction of She with 
adaptins leading to internalization of its receptors remains 
to be answered. 

p85a, p85j3, Syp and Nek 

Since IRS-1 contains 22 potential sites (Tyr) for phos¬ 
phorylation, it provides several binding sites for SH2 
domain containing proteins*’’*’”^. There are at least three 
SH2 domain containing proteins other than PI3-kinase 
and GRB2 which are reported to interact with IRS-1. 
There are two isoforms of p85, namely p85a and p85^ 
(ref. 114), Both the isoforms reportedly associate with 
the pi 10 catalytic subunit of PI3-kinase and phospho¬ 
rylated IRS-1 (refs 115, 116). Thus, p85a and p85/i 
can act as a chain between IRS-1 and PI 3 -kinase whereby 
they might be diversifying the insulin-induced signalling 
network. 

A protein tyrosine phosphatase termed as Syp also 
binds to phosphorylated IRS-1 at Tyr-ll72. Syp contains 
two SH2 domains'”. Syp is the mammalian homologue 
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of a protein called cork screw (csw) found in Drosophila. 

It is located downstream of tyrosine kinase receptor and 
regulates Drosophila homologue of Raf-1 (refs 118, 
119). Binding of Syp to IRS-1 results in its activation. 
So far there is scarcity of information on exact function 
of active Syp. It is supposed to be involved in the 
regulation of signal transduction via Raf-1. IRS-l—Syp 
interaction might be a pathway for the multiplication 
of insulin-signalling network and seems to be associated 
with down regulation of the signal. A recent study on 
insulin-signalling in mice expressing reduced levels of 
Syp indicates that the phosphatase might be involved 

^ ^ ♦190 

in insulin-induced mitogenesis “ . 

mS-l also binds to a 47 kD adapter protein called 
Nek which contains three SH3 and one SH2 
domains^^^’^^l Nek has recently been shown to bind 
IRS-1 (ref. 123). Overexpression of Nek in NIH 3T3 
fibroblasts leads to cellular transformation and cell pro¬ 
liferations^"^. Due to the presence of SH2 and SH3 
domains, Nek is supposed to link IRS-1 to downstream 
signal transduction pathway(s) involved in cell growth 
and proliferation. 

There are several other proteins (e.g., PLC-y, p21 
GAP, etc.) which contain SH2 domains but do not 
interact with IRS-1 (ref. 125). Thus, IRS-1 allows 
association of distinct group of proteins with SH2 
domains. It seems to act as a potential signal distributor 
molecule for a wide range of insulin actions. However, 
the details of the mode of action of IRS-1 associated 
signalling proteins and their regulation in different tissues 
remain to be unearthed. At present the physiological 
role of IRS-1 in pathophysiology of diabetes also remains 
unknown^"^. 


Other substrates of insulin receptors 

Insulin seems to produce most of its biological effects 
related to cell growth and proliferation and glucose 
homeostasis mainly via IRS-1 phosphorylation. However, 
recent studies indicate that there are other potential 
substrates for insulin receptors which might be involved 
in alternative pathways for insulin-induced signal 
transduction. For example, insulin-induced Tyr phospho¬ 
rylation of She (a 62 kDa protein) seems to provide 
additional and/or alternative signalling pathway for 
activation of p2F^^ complex and downstream transduction 
of insulin signal independent of IRS-1. In addition to 
IRS-1 and She, insulin also induces appearance of a 
120 kD phosphoprotein band which contains two proteins; 
an ecto-ATPase and an endogenous Tyr kinase (focal 
adhesion kinase)^"*"”^"*^. Insulin is also reported to phos- 
phorylate a 15kD protein termed as fatty acid-binding 
protein 422 (ap2), p2F‘‘‘'-GTPase activating protein 
(GAP), GAP-associated 62 kD protein (p62) and pl90, 
a new PI3-kinase associated ~ 60 kDa protein (p60), 
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etc.^^^''^^^ It, thus, seems that there are many proteins 
which may act as substrates for insulin receptor, provide 
alternative IRS- 1-independent signal transduction path¬ 
ways and diversify the insulin-induced signals. Recently 
a protein called Ras-associated with diabetes (Rad) has 
been reported to be involved in insulin-signalling*^"^. Rad 
is composed of 269 amino acid residues having a 
predicted molecular weight of 29,266 Da. It is necessary 
to mention that the precise functions of these alternative 
substrates remain to be explored. 


Insulin action via nuclear pathway 

In addition to its action via cytoplasmic proteins, insulin 
also produces biological effects by activating DNA syn¬ 
thesis and gene transcription. Insulin has been reported 
to stimulate transcription of a number of mRNAs. These 
mRNAs encode proteins which are involved in the 
regulation of cellular growth and metabolism. It seems 
that insulin somehow transmits its signal to nucleus, 
probably through transcription factors. Recently insulin 
has been reported to stimulate phosphorylation of a 
transcription factor called cAMP responsive element 
binding protein (CREB)*'^ and a number of other DNA- 
binding proteins (pp34, pp40, pp48, pp62, pp64, pp66, 
pp72, pp94, etc.) in 3T3-442A adipocytes*^^ There is 
direct correlation between insulin-induced phosphoryla¬ 
tion of pp94 (nucleolin) and increase in efflux of RNA 
from isolated nuclei*^'. CREB binds to cAMP responsive 
element (CRE) and stimulates the process of transcription. 
Insulin also induces rapid phophorylation of AP-1 family 
of transcription factors composed of c-Jun and c-Fos 
proteins in 3T3-442A cells’ll These factors are involved 
in regulation of transcription of a number of genes 
associated with cellular growth and transformation. There 
are several kinases (e.g., MAP kinase, PKC, PKA, casein 
kinase-II, etc.) which can phosphorylate AP-1 transcrip¬ 
tion factors. Since insulin stimulates kinase-like activities 
in nuclear extractsinsulin can affect transcription via 
kinases-AP-1 pathway. Insulin stimulates phosphoryla¬ 
tion of c-Jun and c-Fos related proteins which are 
capable of influencing the rate of transcription. Recent 
studies indicate that insulin influences gene transcription 
by modulating the activity of ‘signal transducer and 
activator of transcription (STAT) 3 isoform’ in liver 
cells*"*"’’"**. These findings clearly indicate that 
insulin-induced signals are also transduced via nuclear 
pathway, particularly for actions associated with nuclear 
events. 


Insulin and glucose transport 

As mentioned earlier, insulin stimulates cellular uptake 
of glucose in its target tissues. It is important to mention 
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that there are two types of glucose transporters: Na"^- 
dependent glucose transporters and facilitative glucose 
transporters. The Na"^-dependent glucose transporters 
(which are found in the intestinal tract and kidney) are 
not influenced by insulin. In other tissues there are 
multiple types of facilitative glucose transporters. So far 
at least five types of facilitative glucose transporters are 
identified and are termed as GLUTl (present in blood- 
brain barrier, muscle, RBC, colon, kidney, placenta, 
adipose tissue, etc.), GLUT2 (present in liver, kidney, 
intestine and pancreas), GLUTS (present in neuronal 
cells, brain, placenta and kidney), GLUT4 (present in 
brown and white fat, skeletal and cardiac muscle and 
other insulin-sensitive tissues) and GLUTS (present in 
the small intestine and spermatozoa)However, only 
GLUT4 has been found to be regulated by insulin. In 
the absence of insulin almost all GLUT4 is found in the 
cytoplasmic vesicular pool. Insulin induces a rapid increase 
('- 10 fold) in translocation of GLUT4 from the cytoplasm 
to the plasma membrane which results in a 20-30 fold 
increase in the rate of glucose uptake''^^"''^l 

At present it is not fully known how insulin stimulates 
translocation of GLUT4 to the membrane. There is a 
direct correlation between insulin-induced increase in 
PI3-kinase activity and the rate of GLUT4 transloca¬ 
tion/glucose uptake'‘^^ In 3T3-L1 adipocytes, wortmannin 
and LY294002 (specific inhibitors of PI3-kinase) have 
been reported to inhibit insulin-induced PI3-kinase and 
glucose uptake without affecting autophosphorylation of 
the insulin receptor, phosphorylation of IRS-1 and as¬ 
sociation of PI3-kinase with IRS-1 (refs 147-149). 
LY294002 inhibits insulin-induced glucose uptake by 
inhibiting the translocation of GLUT4 containing ves¬ 
icles Stimulation of PI3-kinase also leads to acti¬ 
vation of pp70 S 6 kinase. While inhibitors of PI3-kinase 
inhibit insulin-activated pp70 S 6 kinase as well, selective 
inhibition of pp70 S 6 kinase by rapamycin does not 
inhibit insulin-induced glucose iiptake"*''^*’^^^ These find¬ 
ings strongly suggest that PI3-kinase plays a critical 
role in insulin-induced signal transduction and translo¬ 
cation of GLUT4 without involving pp70 S 6 kinase. 
Insulin-activated pp70 S 6 kinase has been reported to 
induce transcription and translation’^'. However, other 
growth factors are reported to stimulate PI3-kinase with¬ 
out having any effects on GLUT4 translocation’^^. It, 
thus, seems that insulin induced signals leading to 
activation of pp70 S 6 kinase and translocation of GLUT4 
diverge at some point between downstream of PI3-kinase 
and upstream of pp70 S 6 kinase. As mentioned earlier, 
PI3-kinase catalyses the formation of PI-3-P, PI- 3 , 4 -P 2 
and PI- 3 , 4 , 5 -P 3 (IP 3 ). Since these phosphoinositides do 
not act as substrates for any of the known phospholi¬ 
pasesthey may act as messenger/signalling molecules 
for insulin action on glucose uptake. It is noteworthy 
that overexpression of the catalytic subunit pi 10 a of 
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PI3-kinase in 3T3 LI adipocytes increases glucose trans¬ 
port and translocation of glucose transportersFurther, 
inhibition of the regulatory subunit p85a of PI3-kinase 
reportedly inhibits the translocation of GLUT4’^^, 
Recently it has been found that isolated activation of 
PI3-kinase in 3T3 LI adipocytes can initiate the signalling 
cascade leading to both actin arrangement and GLUT4 
translocation’^^. Further, insulin induces PI3-kinase 
targeting to GLUT4-containing vesicles. In the rat adipo¬ 
cytes and 3T3 LI adipocytes IRS-l-PI3-kinase complex 
associates with vesicles containing GLUT4 and induces 
translocation of GLUT4’^^ Moreover, this association 
of IRS-l-PI3-kinase with the vesicles results in accu¬ 
mulation of 3 '-phosphoinositides which are supposed to 
play an important role in the membrane-associated events 
which accompany the translocation of GLUT4 to the 
cell surface. IP 3 has been reported to activate ^-isoform 
of protein kinase C (PKC-£) in v/Yro'^”. Stimulation of 
PKC-t is essential for oocyte maturation and growth of 
fibroblastsIt has also been found that increase in 
the concentration of the phosphorylated phosphoinositides 
is associated with increased cell proliferationHowever, 
the precise role of PI3-kinase products in insulin-induced 
translocation of GLUT4 and glucose uptake remains to 
be established. 

In addition to its action via PI3-kinase, insulin might 
also be affecting glucose uptake by alternative path- 
way(s). While overexpression of p2r''‘" in 3T3-L1 adipo¬ 
cytes results in increased translocation of GUT4 and 
glucose uptake’^’’, activation of p2r“"-pp90 S 6 kinase 
pathway by epidermal growth factor (EGF) or thrombin 
does not lead to increased translocation of GLUT4 or 
glucose uptake’^'^. Further, while p2r'^' is activated by 
both insulin and EGF, only insulin stimulates phospho¬ 
rylation of IRS-1. In other words, activation of p2F'‘'^ 
for stimulating glucose uptake needs signal transduction 
via IRS-1. However, the involvement of p2r"''' in insu¬ 
lin-induced glucose uptake seems to be independent of 
Raf-1 and MAPK’^^ and may not be sufficient for 
mediating significant action of insulin on glucose uptake. 
It is noteworthy that small GTP-binding proteins of Rab 
family are found to be associated with GLUT4 containing 
vesicles’^"^. However, the precise function of these G- 
proteins in insulin-induced GLUT4 translocation remains 
to be unknown. 

Summary 

Significant progress has been made towards under¬ 
standing the structure of insulin receptor and mechanism 
of insulin action. The binding of insulin to the a-subunits 
of insulin receptor induces interactions among insulin 
receptors leading to their dimerization/oligomerization. 
As a result, the ^-subunits are autophosphoryalted at 
Tyr residues. Autophosphorylation of/J-subunits increases 
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the endogenous tyrosine kinase activity of the receptors. 
The autophosphorylated insulin receptors interact with 
other signalling proteins and form a multi-componential 
and multi-directional signalling complex (Figure 4). In 
general, the tyrosine kinase activity of the autophospho¬ 
rylated insulin receptors phosphorylates and activates 
IRS-1. Then phosphorylated active IRS-1 acts as a 
docking protein which interacts with several cytosolic 
proteins (e.g., GRB2-Ras complex, PI3-kinase, Syp, Nek, 
etc.) and activates a number of signal transducing path¬ 
ways. In addition, the autophosphorylated insulin receptor 
may also phosphorylate/interact with other alternative 
substrates and signalling proteins (e.g.. She, p60, p62, 
etc.) directly and may transduce insulin signals via 
alternative pathways. Some major actions of insulin (e.g., 
DNA synthesis, gene transcription, cellular growth/ 
proliferation/differentiation/transformation, etc.) are pro¬ 
duced via events associated with the cell nucleus. Thus, 
insulin seems to produce its wide-ranging biological 
effects through a muiti-componential and multi-direc¬ 
tional signal transducing pathways. However, various 
aspects of insulin signal transduction via She, Syp, Nek, 
PAKs, adaptins, pp70 S6 kinase, STATs, transcription 
factors. Rad, Rab, etc. still remain to be unravelled. 
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The Fourier transform infrared (FT-IR) spectra of four 
coloured beryls, both in single crystal and powder 
form, were studied at room temperature to characterize 
the volatile constituents of beryls from Badmal mines 
of Orissa state. Among the four coloured beryls 
(colourless, blue, green and yellow), the green beryl 
shows predominance of type-II H^O. Presence of 
sodium and cesium molecules associated with OH” 
group and CO^ as common channel constituent is also 
deciphered. Fourier self-deconvolution (FSD) technique 
is applied to observe weak shoulders and classify beryls 
based on substitution. While the da ratio of 0.9994- 
0.9996 indicates beryls to be of ‘tetrahedrally substi¬ 
tuted’, the FT-IR study in the structural vibration 
indicates them to be of ‘normal type’. 


Beryl is a typical cyclosilicate mineral, whose stnicture 
was first described by Bragg and West'. Its honey comb 
structure consists of six-membered silica tetrahedral rings 
linked together with octahedrally co-ordinated AP’’ ions 
and tetrahedrally co-ordinated Be^’" ions. Oppositively 
facing six-fold rings of silica tetrahedra are stacked along 
the c crystallographic axis of beryl crystal resulting in 
widely spaced interconnecting channels (Figure 1 a and 
b). Dimension of channels varies from 2.8 A in the plane 
of Si(iO||j rings and 5.1 A between neighbouring rings. 

Although beryl is an anhydrous mineral, it is known 
that a considerable amount of water (up to 2.9% by 
wt)^ occupies channel sites. Apart from water molecules, 
the other contents of the channels are CO,, alkali cations, 
e.g. Li, Na, K, Ca, Rb, Cs (refs 3-7), transition elements" '’ 
such as Fe-’’ and Fe^’' and rare gases like He and Ar 
(ref. 10). While these ions occupy channel site as a 
result of interstitial solid solution, existence of two 
important kinds of substitution in beryl gives rise to 
two distinct substitutional solid solution series’’. These 
are ‘octahedral beryl’ in which dominant substitution is 
Fe^* and Mg’* for AF* in octahedral site, and ‘tetrahedral 
beryl’ in which the dominant substitution is of Li* for 
Be^* in the distorted tetrahedral site. According to Wood 
and Nassau", presence of alkali ions in the channels is 
made possible because of the missing negative charges 
in the lattice due to substitution of AF* by a bivalent 

♦For correspondence 
1004 


ion like Fe^* or Mg^*. These substitutions modify cell 
parameters. Based on da ratio Aurisichhio et al? 
classified beryls into three groups; i) octahedral beryl, 
da value from 0.991 to 0.996; ii) tetrahedral beryl, c/a 
value from 0.999 to 1.003; and iii) normal beryl, c/a 
value from 0.997 to 0.998. Normal beryl includes those 
where substitutions occur in both tetrahedral and octa¬ 
hedral sites. Owing to such complex cationic substitu¬ 
tions, the chemical composition of beryl often deviates 
from' the ideal formula BejALSigO^. Wood and Nassau^ 
inferred that hydrogen speciation in beryl is H^O and from 
the polarization dependence of the absorption inferred that 
it occupied two distinct sites. They accordingly called it 
as Type-I and Type-II water. Type-I water has its H—H 
vector parallel to c crystallographic axis and Type-II has 
its H-H vector perpendicular to c-axis (Figure 1 a). The 
linear CO^ molecule, because of its size (4.9 A), lies 
normal to c-axis and parallel to the larger dimension of 
the channel. With the help of NMR studies on cordierite, 
which is also characterized by large channels like beryls, 
Carson et al." demonstrated that individual water molecules 
can hob between the two directions. 

Hydrogen in minerals mostly occurs bonded to oxygen 
and the resulting OH group is highly polar. This dipole 
is an efficient absorber of light in the infrared region. 
Further, if the OH groups are structurally oriented within 
the host, the amount of incident radiation absorbed is 
strongly dependent upon the relative orientation of the 
OH dipole and the direction of linear polarization of 
light'^. Thus infrared spectroscopy is a powerful technique 
to investigate the volatile constituents in minerals. 

In the present study, we have carried out Fourier 
transform infrared spectroscopic (FT-IR) studies to char¬ 
acterize the channel constituents in four samples of 
coloured beryls from Badmal area in Orissa state. An 
attempt is also made to observe the influence of octa¬ 
hedrally and tetrahedrally substituted cations on the IR 
absorption spectrum of beryl crystals by applying 
Aurisichhio et al.'^ criteria. 

Experimental methods 

Infrared absorption spectra were obtained at room tem¬ 
perature from doubly polished thin slices of beryls 

CURRENT SCIENCE, VOL. 73. NO. 11, 10 DECEMBER 1997 



RESEARCH ARTICLE 


(colourless, blue, green and yellow), oriendng either ^ 
parallel or normal to c-axis. FT-IR spectra in the fre¬ 
quency range 4000-2000 cm''. for single crystal and 
4000-400 cm"' for powder samples were recorded using 
NICOLET Magna IR 550 FT-IR spectrometer. Spectral 
resolution was set at 4 cm"'. Background effects due to 
atmospheric Hp and CO^ were subtracted. In the case 
of slice cut parallel to c-axis, IR spectra were taken 
for both polarization using a grid polarizer deposited 
on a substrate of KRS-5, enclosed in a stainless steel 
ring. Samples were prepared as compressed disks of 
powdered beryl and KBr (2 to 5 wt%) to minimize 
polarization effects. Disks were prepared taking the same 
amount of mechanically ground powder and compacted 
under 10"’Pa pressure. 

Single crystal X-ray diffraction was carried out on 
Enraf Nonius CAD-4. Graphite monochromate radiation 
MoKa (A = 0.7107 A) was used as source. Twenty-five 
reflections were used for least square refinement of cell 
parameters in the 20 < tS- range < 25° using CAD4-PC 
software'"'. 

Analyses of four coloured beryl samples were carried 
out by Electron Probe Micro Analysis using SX-50 
Microprobe housed at the Department of Geology, 
Mysore University'^ Operating conditions were 15 kV 
accelerating voltage, 20 mA beam current and 10 s 
counting time. 


Results and discussion 

The IR absorption spectra of four beryls under study, 
i.e. colourless (goshenite), blue (aquamarine), green beryl 
and yellow (heliodor) are shown in Figure 2a-d. The 
cell parameters determined from single crystal are; 
c = 9.199 (2) A, a = 9.204 (3) A, c/a = 0.9994, V= 615.55 
(4)A^ and for powder are; c = 9.199A, a = 9.208 A, 
c/a = 0.9996, and V=674.76 Al The above c/a ratio is 
indicative of tetrahedrally substituted beryl. 

Wood and Nassau® assigned 3800-3400 cm”' (OH- 
stretching mode) frequency range absorption bands to 
two types of H,0 molecules; Type-I with its 2-fold axis 
of symmetry parallel to 6- fold axis and type-II with 
its 2-fold axis perpendicular to 6- fold axis. Our po¬ 
larization studies on Orissan beryls confirm the existence 
of these two types of water molecules. 

IR spectra in the region of 4000-2000 cm"' were 
collected from 1.0 mm size doubly polished crystals of 
beryls, cut normal to c-axis. In goshenite (Figure 2 a), 
the fundamental symmetric stretching motion (v,) of 
type-I HjO is observed at 3555 cm'' and asymmetrical 
stretching motion (Vj) is observed at 3699 cm"'.^ The 
type-II water molecule shows v,-mode at 3606 cm and 
Vj-mode at 3662 cm''. Heliodor (Figure 2 b) shows v,- 
mode of type-I at 3560 cm'' and Vj-mode at 3698 cm '. 
Type-II HjO, v,-mode is observed at 3607 cm'' and 



Figure 1. Schematic drawing 
after Aurisichhio et a. 


parallel to c-axis showing the channel configuration of beryl (rnodified 
With type-I Hp, type-II H^O and CO^ molecules; /;, With OH group 


and associated with larger alkali ions. 
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V 3 -mode at 3661 cm"*. Similarly in aquamarine (Figure 
2 c), the Vj-mode of type-I water molecules is observed 
at 3552 cm"* while the V 3 -mode is discerned at 3698 
cm"*. For type-II water, v,-mode is seen at 3606 cm"* 
and V 3 -mode at 3660cm"*. Green beryl (Figure Id), 
shows type-I, v,-mode at 3555 cm"* and V 3 -mode at 
3699 cm"*. Type-II water molecule, v^-mode is observed 
at 3606 cm"* and V 3 -mode at 3660 cm"*. The IR absor¬ 
bance observed above 3850 cm"* bands commonly arises 
from linear combination and multiple overtones. Accord¬ 
ing to Aines and Rossman*^’, absence of these higher 
vibration modes indicates the molecular species to be 
OH. This is particularly important if the bending mode 
vibrations expected around 1600 cm”* is not seen, due to 
the interference from silicate absorption, when thick samples 
are used, as in the present study described above. 

The bending mode vibration of H^O is commonly 
observed in the region of 1400-1600 cm"* (refs 3, 16). 
However, in our study on single crystal, no such lines 
were observed, probably due to lack of transmittance 
in the region above 2000 cm"*, as a result of thickness 
of sample as described above. However, these lines 
were able to be observed when the samples were further 


thinned to 100 pm (Figure 2 c). As observed in Figure 
2 c, the type-II vibration frequency is slightly greater, 
since the adjacent alkali ions rotate the water molecules 
in the channel. This tighter bonding with charged alkali 
ions results in higher rotational combination frequency 
of the type-II spectrum, which in turn causes higher 
deformation frequency and symmetric bending*^. All the 
three vibration modes of Orissan beryls described above 
are summarized in Table 1. 

In all the four FT-IR spectra, it is observed that the 
type-II H 2 O is dominant. A similar observation has also 
been made by Panjikar**^ on beryls from Orissa. This 
indicates that in these beryls there is increased substi¬ 
tutions for octahedral A1 and tetrahedral Be sites, coupled 
with incorporation of alkalis into channels*^. Therefore, 
type-II H 2 O is directly related to the incorporation of 
alkalis into channeP’*^^ This substitution results in type-II 
H^O becoming dominant due to the dipole effect of 
H 2 O. Oxygens of these water molecules are attracted 
by alkali ions and turn their 2-fold axis parallel to the 
6-fbld axis of beryl crystal. 

A significant observation seen in the above four spectra 
of beryls is the presence of variable amount of type-II 







Figure 2. Unpolarizetl (single crysial) FT-JR spectrum beryl crystals .showing presence of typc-1, lype-ll H,0 and CO, molecular species parallel 
to c-axis. a, colourless beryl (goshenite); b, yellow beryl (heliodor); c, blue beryl (aquamarine) showing both stretching and bending motion of 
HjO; </, green beryl. 
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water in different coloured beryls, although collected 
from the same locality (Badmal pegmatite mines). As 
explained earlier, the type-II water molecule is dominant 
in all the four beryls, however, among the four coloured 
beryls, the IR spectrum shows that type-II water mole¬ 
cule is predominant in green beryl (Figure 2 d) compared 
to other coloured beryls. Whereas the IR spectrum in 
Figure 2 c, of blue beryl shows that type-I water molecule 
is predominant in blue beryl in comparison with other 
coloured beryls. This result indicates that among the 
four coloured beryls, green beryl is richer in alkalis. A 
similar type of observation was also made by Blak et 
al}^\ As shown in Table 2, the alkali content is the 
same in almost all crystals. This suggests that a major 
amount of alkalis in blue and alkalis in minor amount 
in colourless and yellow beryl are situated in interstitial 
sites between Be“^ and AP^ or in substitutional sites, 
while in green beryls the alkalis are in the structural 
channel. The effects of alkalis on colouration in beryls 
have been completely ruled out by many authors^’^’^^ 

In addition to the common type-I and type-II water 
molecules, a small amount of water molecules is also 
observed around 3120, 2820 and 2925 cm"^ in both 
polarization directions, without any bending vibration 
counterpart. The above inference is in contrast to the 
observation of Charoy et alP of above lines being 
oriented only parallel to the c-axis. Such frequency is 
assigned to H^O with a compact structure of ice^^. 

All the samples studied show strong and sharp dichroic 
lines around 2360 cm~^ This peak corresponds to the 
asymmetric stretching mode of CO 2 vibration, since 
except Vj-mode, all other vibration modes (V 3 and V 2 ) 
are IR active, whereas Vj is Raman active^^. Identical 
bands of CO^ were also observed by Wood and Nassau^, 
from natural beryl, but are absent in synthetic ones. In 
all the IR spectra (Figure 2 a-d) the base of the peak 
is slightly enlarged and asymmetrical. Two side bands 
at 2450 cm“^ and 2250 cm“‘ observed on either side of 
the CO 2 peak are attributed to the combination bands 
of both stretching and coupled hindered motion of CO 2 
(ref. 16). The polarization studies confirm that, CO 2 


molecules are isotropically distributed in the ( 0001 ) 
plane, in accordance with the observations of earlier 
workers^’^^*^“. 

Aurisichhio et alP observed that the type-II band at 
3663 cm"’ is a combination of two bands, when observed 
at 77 K. One due to type-II H 2 O at 3663 cm"^ and other 
at 3658 cm"^ due to OH-Na association. However, in 
our present FT-IR study at room temperature, the 
3658 cm"^ band is seen at 3654 cm"^ (Figure 2 a-d) as 
separate low peak apart from 3663 cm"^ type-II H 2 O. 
This indicates that the 3654 cm"^ band is not associated 
with H 2 O, but a separate hydrous species, possibly (OH)" 
group. This is in accordance with the expectations of 
Aurisichhio et Several authors^*^"^"^^ had also sug¬ 
gested the possible presence of OH" group in the beryl 
lattice. However, its definite assignment in the beryl 
structure was debatable. We favour its presence in the 
channel site, in accordance with Aurisichhio et al}^^ 
since (OH)" group can also be similarly attracted to the 
alkali cation as the dipolar H 2 O (Figure 1 b). 

Aurisichhio et attributed that, if both Na and Cs 
are present, the abosorption band is close to 3595- 
3597 cm'^ Thus the 3600 cm"^ band becomes a com¬ 
bination of three absorption frequencies; type-II H 2 O, 
OH-Na, and OH-Cs. In the present study, although the 
Cs content (Table 1) is not analysed, in the IR spectra 
a low weak absorbance at 3595 cm"’ (Figure 2 a—d) is 
seen close to the 3606 cm"’ (v,, type-II band). This 
peak, we presume, is of OH-Cs as envisaged by 
Aurisichhio et 

Structural vibration (1200-400 cm*"^) 

As shown in Figure 3, the powder FT-IR spectrum of 
yellow beryl indicates dominant type-I (v 3 -mode) water 
molecule as compared to type-II (v 3 -mode) when observed 
in single crystal spectrum (Figure 2 b). The above be¬ 
haviour of water molecule is also observed in other 
coloured beryls. Increase in V 3 , type-I H^O intensity in 
powder spectra indicates increase in proportion of type-I 
water molecule at the expense of V 3 , type-II water 


Table 1. Vibrational bands of molecular species from single crystal and KBr pellets experiments 


Molecular 

species 

Vibrational 

mode 

Goshenite 

Aquamarine 

Heliodor 

Green 

beryl 

KBr 

pellets 

Wood and 
Nasssau^ 

H,0 

V, 

3555 

3552 

3555 

3555 

3555 

3555 


1 

V'y 

1600 

1596 

1603 

1602 

1560 

1595 


'’I 

3699 

3690 

3698 

3699 

3698 

3694 

HjO 

V. 

3606 

3606 

3607 

3606 

3598 

3592 

Type-II 

\ 

V, 

1632 

1633 

1633 

1633 

1630 

1628 

'^3 

3662 - 

3660 

3661 

3660 

3660 

3655 

OH-Na 


3654 

_ 

3653 

3654 

3654 

- 

OH-Cs 


3595 

3594 

3595 

3595 



CO, 


2360 

2360 

2360 

2360 

2362 

2360 
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molecule (Figure 3). The above observation elucidates 
that, on crushing there is probable release or movement 
of alkali ions from their present position, thereby causing 
the type-II H 2 O to rotate back to type-I H^O.. This, 
however, is a tentative explanation and detailed work 
is warranted to explain the above phenomenon. 

Structural vibrations in the region of 1200-400 cm~^ 
as shown in Figure 4 a, were studied using powdered 
samples of beryls. Several authors^’’^^ assigned 1200 cm”' 
to Si-O-Si ring vibration. Later, Aurisichhio et 
confirmed this by correlating with c/a ratio, bond lengths 
and site occupancies. The IR spectra of all the four 
Orissan beryls (Figure A a) show the 1201 cm”' vibration. 
Aurisichhio et attributed such vibrational bands to 
‘normal type’ beryl. Increased substitution for A1 and 
Be, coupled with the incorporation of alkalis may result 
in shifting and broadening of this band due to slight 
changes in the silicon tetrahedron geometry^^. 

As shown in Figure 4 a low absorbance peak is 
seen at 1026 cm”' and also small shoulder at 1070 cm”'. 
These peaks indicate that the Orissan beryls are octa- 
hedrally (1026 cm"') and tetrahedrally (1070 cm"') sub- 
stituted'^ The intensity of 1070 cm”' band appears when 
the extent of substitution in tetrahedral site attains 0.19 
atoms per formula'^. Plysunina^" considered the above 
bands to be associated with variation in the length of 
the external bonds, Si-O-Al and Si-O-Be respectively. 
Thus the above observation indicates Orissan beryls to 
be of ‘normal type’. 

The absorption band at 960 cm"' is due to another 
type of Si-O-Si ring vibration^''--'^. The absorption band 
at 808 cm”' is attributed to Be-0(2) vibration'^’^'''^^^. The 
745 and 683 bands are also due to Be-0 (refs 27, 28). 

According to Aurisichhio et al/^, presence of shoulders 
at 700 and 560 cm"' bands is evidence of tetrahedrally 


Table 2. Electron probe micro analyses of four coloured beryls 


Wt% 

Green 

beryl 

Yellow 

beryl 

Blue 

beryl 

Colourless 

beryl 

SiO^ 

66.943 

67.088 

63.287 

65.698 

AI 2 O 3 

17.607 

18.146 

17.743 

17.740 

FeO' 

0.680 

0.543 

0.519 

0.546 

MnO 

0.006 

0.006 

- 

0.025 

MgO 

0.026 

0.001 

0.009 

0.093 

CaO 

0.015 ■ 

0.013 

0.032 

0.020 

K^O 

0.018 

0.010 

0.002 

0.019 

Na 20 

0.159 

0.229 

0.234 

0.206 

F 

0.250 

0.166 

0.042 

0.308 

Cr 203 

Ti 02 

0.039 

- 

0.040 

0.027 

- 


- 

0.068 

V2O3 

0.010 

- 

0.050 

0.034 

NiO 

0.005 

0.132 

0.040 

0.020 

CoO 

0.025 

- 

- 

0.056 

BeO 

n.d 

n.d 

n.d 

n.d 

Li, Cs, Rb 

n.d 

n.d 

n.d 

n.d 

H 2 O 

n.d 

n.d 

n.d 

n.d 

Total 

85.783 

86.740 

81.978 

84.860 


n.d-not determined. 



Figure 3, Powder FT-IR spectrum of yellow beryl showing the 
presence of molecular species. 




Figure 4. a. Normal powder FT-IR spectrum of beryl in the region 
of structural vibration (1200-400 cm“b. b, Fourier self-deconvolution 
(FSD) spectrum of beryl in the region of structural vibration (1200- 
400 cm'T 
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substituted beryl. As shown in Figure 4 a, these two 
bands were not discerned in a normal FTTR spectrum. 
However, on carrying out Fourier self-deconvolution 
(FSD) (Figure Ab), both the above bands are seen as 
shoulders in all four beryls (Figures 5 and 6). An 
increase in absorbance of IR intensity is possible when 
there is progressive entry of. cations into tetrahedral site, 
but not in octahedral site'^ However, in the samples 
under study only a small shoulder is observed which 
indicates that there is partial substitution of cations in 
the tetrahedral site. As shown in Figure 5 a, the FSD 
trace of colourless beryl (goshenite) indicates 700 cm ' 
as shoulder around 698 cm”'. Similarly FSD trace of 
other coloured beryls (Figure 5 b—d) also indicates shoul¬ 
ders close to 700 cm”'. Thus the band near 700 cm in 
all four beryl crystals indicates Orissan beryls to be 
partially ‘tetrahedrally substituted’. 

As shown in Figure 4 b, on carrying out FSD, the 
1070 cm”' seen as shoulders in a normal FT-IR spectrum 
(Figure 4 a) is clearly resolved as small absorbance 
peak. Similarly FSD spectrum indicates that the 1021, 
960 and 745 cm”' bands are not single bands, but denote 
a combination of bands (Figure 4 b). 

Two absorption bands at 521 and 494 cm ' (Figure 



4 a) are assigned to Al-0(2) vibration. The slight shift 
of the present bands from Aurisicchio et alP assignment 
(525 and 500 cm”') indicates the degree of distortion of 
the polyhedron. This occurs when larger bivalent ions 
like Fe^''' or Mg^"' substitute for A1 ion^". This substitution 
results in increase of volume of the polyhedron to 
accommodate the ions with larger ionic radii. Thus it 
leads to elongation of Me—O distances, resulting in 
distortion of the polyhedron. On further detailed FSD 
analysis - between 620 and 520 cm”', the 521cm ' band 
observed in normal FT-IR spectrum (Figure 4 a) is seen 
resolved into 555 and 524 cm”' bands (Figure 6 a). The 
555 cm”' band is closer to 560 cm”' band observed by 
Aurisichhio et a/.'^ which they have assigned to sub¬ 
stitutional tetrahedral site. In the blue beryl FSD spectrum 
(Figure 6 fe), it is observed that 521 cm”' band (Figure 
4 a) is a combination of two absorption bands at 556 
and 521 cm”'. As shown in Figure 6 c, the FSD spectrum 
of green beryl indicates to be a composite of 558, 536 
and 518 cm”' bands. Similarly in the heliodor FSD 
spectrum (Figure 6 d), it is observed to be a combination 
of three bands at 557, 536 and 520 cm”'. 

The 521 cm"' and 494 cm”' IR bands observed in normal 
and FSD spectra in the four samples, indicate Orissan 




Figure 5. Powder FSD spectrum in the range (760-620cm'') indicating the pre.sence of shoulders cIo.se to 700cm”', a, colourless beryl 
(goshenite); b, blue beryl (aquamarine); c, green beryl and d, yellow beryl (heliodor). 
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Figure 6. Powder FSD spectrum in the range (620-520 cm"‘) indicating presence of shoulder, a, colourless beryl (goshenite); b, blue beryl 
(aquamarine); c, green beryl and d, yellow beryl (heliodor). 


beryls to be both of ‘octahedrally’ and ‘tetrahedrally’ 
substituted. Therefore it can be called as ‘normal beryl’^. 

Conclusion 

Thus the Orissan beryls of Badmal mines are more of 
‘normal type’ containing both octahedral and tetrahedral 
substitutions. However, the c/a = 0.9994-0.9996 ratio 
indicates these beryls to be tetrahedrally substituted. The 
0.9994-0.9996 c/a ratio is close to 0.998 ascribed^ for 
normal type beryl. Therefore, beryls from Badmal mines 
can be considered to be as normally substituted. From 
the normal FT-IR spectra, the beryls of Orissa can be 
concluded to be of ‘octahedrally substituted’; however, 
on deconvolution reveals to be ‘normally substituted’. 
Thus deconvolution studies on normal FT-IR spectra 
provide further improved resolution of infrared spectra. 
This again coupled with low temperature studies would 
provide greater insight on the type of substitutions in 
beryl. 

The presence of H 2 O and CO 2 in the structural channels 
of beryl crystals reflects the volatile constituents of 
parent melts. Dominant presence of type-II HjO indicates 
major proportion of alkalis occupying channel site. This, 


however, does not indicate beryls from Orissa to be of 
high alkaline affinity, as evidenced from chemical analy¬ 
sis. The low alkali content in these beryls indicates that 
they might have precipitated from acidic fluids. 
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The following aspects related to the community organization, 
plant diversity patterns, conservation of dwindling plant resources 
and recent ecological and biotechnological approaches for con¬ 
servation and management of bioresources are proposed to be 
discussed in the symposium: Diversity patterns: Survey and 
measurement of plant diversity patterns in natural and agricultural 
systems, vegetation structure and community organization, 
changes in green plant and microbial diversity in relation to 
microclimate. Conservation: Ecological approach: Monitoring 
of plant resources, temporal organization and exploitation of 
minor resources, technology for nature reserves, in situ conser¬ 
vation of threatened species; Biotechnological approach: Crop 
improvement through biotechnology, ex situ conservation of 
wild plants; microbial technologies; Biological control: Biology 
and control of noxious weeds and pests of agricultural systems. 
Bioresource technology: Biofertilizers and biopesticides, inte¬ 
grated pest management. Diversified approach in sugarcane 
production: Application of diversified methods in improving 
yield and quality of sugarcane. 

Contact: Dr R, P. Shukla 

Department of Botany 
DDU University of Gorakhpur 
Gorakhpur 273 009 


or 

Dr G. P. Rao 
Sugarcane Research Station 
Kunraghat 
Gorakhpur 273 008 


National Symposium on Sustainable Aquaculture 

Date: 20-21 February 1998 
Place: New Delhi 

Themes include: Social and environmental relevance of aquacul¬ 
ture: Environmental problems, Social implications. Management 
options. Biology, methodology and techniques of aquaculture: 
Fishes, crustaceans and molluscs, seaweeds and micro algae. 
Aquaculture economics: Production technology, technology trans¬ 
fer, Biotechnology issues and risk assessment, Finance and 
human resource development. Future of aquaculture: Role of 
NGOs and Government, Policy and planning. 

Contact: Dr Dinabandhu Sahoo 
Organizing Secretary 

National Symposium on Sustainable Aquaculture 
Department of Botany 
University of Delhi 
Delhi 110 007 

Tel: 011-7257573, 7257725 extn 323 

Fax: 11-6968171, 6899877 

email: sios.delhi@sm 1 .sprintrpg.ems.vsnl.net.in 
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Sialic acid levels in spermatozoa and 
luminal fluid of normal and infertile 
men 

M. Rajalakshmi, R. S. Sharma, P. C. Pal and 
M. M. Kapur* 

Departments of Reproductive Biology and *Surgery, All India Institute 
of Medical Sciences, New Delhi 110 029, India 

Sialic acids present on cell surfaces including sper¬ 
matozoa have been attributed a number of functions 
like the sequestration of ageing erythrocytes, masking 
of antigenic groups, zona recognition and zona bind¬ 
ing. This study aims at assessing the differences in 
the sialic acid levels in spermatozoa and luminal fluid 
from normal and infertile men. Also, the sialic acid 
levels in spermatozoa obtained from men who had 
undergone anastamosis of vas deferens with the 
epididymal segment (vasoepididymostomy; VEA) 
above the site of blockage were analysed. The data 
show that (i) in men showing oligozoospermia after 
VEA, sperm sialic acid levels were significantly ele¬ 
vated, and (ii) in the post-surgical period, increase 
in sperm count was accompanied by decrease in 
sperm sialic acid to levels comparable to that seen 
in adult fertile men. It is suggested that following 
successful VEA the degenerated obstructed epididymal 
epithelium may have undergone atleast partial res¬ 
toration of its functional capabilities and induced 
maturational changes like loss of sperm sialic acids. 

The discovery of assisted reproductive techniques, par¬ 
ticularly intracytoplasmic sperm injection (ICSI) and 
subzonal insemination (SUZI) of human sperm in the 
management of male infertility' has raised doubts on 
the physiological relevance of the epididymis in the 
occurrence of sperm maturation. The fact that sperm 
from vasa efferentia could initiate pregnancy, as reported 
by Silber^ also raised doubts about the role of epididymis 
in sperm maturation. Therefore, an in depth study of 
biochemical and physiological mechanisms that invest 
the sperm with fertilizing capacity has assumed great 
importance. 

Accessory male reproductive organs like epididymis 
and Cowper’s glands are known to secrete sialic acids 
under androgenic control^ During the epididymal transit 
of spermatozoa, sperm sialic acids decrease"^ but this 
decrease is not accompanied by their complete absence 
on sperm surface since even after treatment with neu¬ 
raminidase, sperm surface is extensively covered by 
negatively charged groups^ Many functions have been 
attributed to sialic acids present on cell surfaces. Dhermy 
et al. have shown that older erythrocytes contain 24% 
less sialic acids than the young cells^. It was suggested 
that desialation may be responsible for the sequestering 
of erythrocytes from circulation^’^. Other functions 
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attributed to sialic acids present on cell surfaces include 
zona recognition and binding by sperm mediated by 
sialic acid transfer from sperm to its acceptors on egg 
surface^ and rendering sperm immune from phagocytosis 
by leucocytes by masking the antigenic groups^ In view 
of such important functions being attributed to sialic 
acids, we analysed the sialic acid levels in spermatozoa 
from normal and infertile men. Particular attention was 
paid to infertile men who underwent vasoepididymostomy 
(VEA) to correct obstructive infertility. In these subjects, 
a progressive increase in sperm quality occurs with 
increase in duration of time after anastamosis'^. The 
initial sperm samples collected during the immediate 
post-surgical period would be spermatozoa that had 
accumulated at the site of obstruction and showed mor¬ 
phological abnormalities^. Subsequently, sperm count and 
motility in the ejaculate showed progressive improve¬ 
ment, probably due to the restoration of testicular and 
epididymal functions. Such samples provide valuable 
human material to study the events associated with the 
return of fertility following corrective surgical interven¬ 
tion. 

The subjects were divided into nine groups: 

Group I: Normal adult men of proven fertility with 
sperm concentration > 20 million per ml, sperm motility 
>60% and liquefaction of semen occurring within 30 
min of collection. 

Group II: Normospermic men with sperm concentration 
>20 million per ml and normal sperm motility but 
infertile due to unknown causes. The levels of LH^ 
(2.6--8.4 IU/1) and testosterone (15-26 nmol/1) are in the 
normal range. 

Group III: Men showing moderate oligozoospermia 
(sperm concentration between 5 and 20 million per ml) 
and without any history of cryptorchidism, orchitis or 
varicocoele. Sperm motility varied from immotile to 
sluggish linear motility. 

Group IV: Men with severe oligozoospermia (sperm 
concentration < 5 million per ml) and poor sperm motility 
with little forward progression. 

Group V: Men with obstructive azoospermia. 

Group VI: Men showing sperm concentration > 20 million 
per ml after VEA. Spermatozoa showed good progressive 
motility. 

Group VII: Men with sperm concentration between 5 
and 20 million per ml with moderate motility, after 
VEA- 

Group VIII: Men with severe oligozoospermia (sperm 
concentration < 5 million per ml) and poor sperm motility, 
after VEA. 

Group IX: Men who were azoospermic even one year 
after VEA. 

The subjects in groups II-IX were examined at the 
Infertility Clinic. Routine health investigations like urine 
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culture, blood levels of sugar, urea and VDRL and chest 
X-ray were done. Circulating levels of LH and testo¬ 
sterone were done by radioimmunoassay^^^ Azoospermic 
subjects with obstruction of epididymis were scheduled 
for VEA. 

Surgery was done under 1% xylocaine, one side at a 
time. The testis, epididymis and vas deferens were 
exposed by a longitudinal incision and patency was 
checked by injecting saline. The epididymis was incised 
at the site where the tubule was patent. At this site, 
the tubule was anastamosed to the vas deferens using 
6.0 prolene sutures*'. A piece of epididymal tissue at 
the site of obstruction was fixed in Bouin’s fluid and 
processed for histology. Histological sections were evalu¬ 
ated to identify the site of obstruction. 

Semen samples were collected by masturbation after 
2-3 days of abstinence'^ and in groups VI-IX, once in 
3 months after surgery. The samples were allowed to 
liquefy at room temperature for 30 min. The volume of 
semen, pH, sperm concentration and sperm motility were 
recorded. Smears of semen samples were stained by 
Papanicolau and peroxidase methods. Only samples free 
of germ cells, leucocytes or exfoliated epithelial cells, 
as confirmed by observation of stained smears'^, were 
used in final analysis. 

An aliquot of semen was washed in physiological 
saline, centrifuged at 800 g for 10 min and the procedure 
repeated thrice, to remove seminal plasma contamination. 


Sperm count was determined in the final sample using 
a haemocy to meter. The washed pellet was suspended in 
0.2 ml of 1 N sulfuric acid and hydrolysed at 80°C for 
one hour to release bound sialic acids. The levels of 
sialic acids were assayed using thiobarbituric acid'^ A 
correction factor was used to account for the presence 
of contaminating 2 deoxy-d-ribose. In order to check 
the validity of the determination of sialic acids in the 
presence of 2 deoxy-d-ribose, analyses were done of 
known amounts of A-acetyl neuraminic acid (NANA) 
in the presence of varying amounts of 2 deoxy-d-ribose. 
The recovery of NANA in the presence of even excess 
of deoxyribose was similar to those obtained for standard 
preparation of NANA only. 

Semen samples were centrifuged at 20,000 rpm for 
15 min in a Beckman J 21 Centrifuge to obtain seminal 
fluid free of contamination with spermatozoa. An aliquot 
of seminal fluid was assayed prior to and following 
acid hydrolysis to determine free and bound levels of 
sialic acids in seminal plasma. The levels of protein in 
the seminal plasma were measured'"'. The data were 
analysed by Wilcoxon Rank Sum test. 

The levels of free sialic acids in the luminal fluid in 
different groups of subjects showed no change compared 
to men of proven fertility, except for an increase in 
men showing moderate oligozoospermia (Table 1; group 
III; p<0.05). Sialic acids bound to proteins in the 
luminal fluid but released by acid hydrolysis were ele- 


Table 1. Levels of free and bound sialic acids in the seminal fluid of normal and infertile men 

Sperm count Bound silaic acids Free silaic acids 

(million/ml) (jxmole/ml pmole/lOOmg protein) (pmole/ml) 


I 

Control 

(n-6) 

11 

Infertile due to 
unknown causes 
(n=8) 

III 

Pre-operative 
oligozoospermia 
(n = 5) 

IV 

Pre-operative 

oligozoospermia 

(«=10) 

V 

Pre-operative 
azoospermia 
in =11) 

VI 

Post-VEA 
normospermia 
in = 6) 

VII 

Post-VEA 

oligozoospermia 

in=\0) 

VIII 

Post-VEA 
oligozoospermia 
in = 29) 

IX 

Post-VEA 

azoospermia 


>20.0 

2.62 ±0.38 

>20.0 

2.35 ± 0.43 

<20.0 

2.32 + 0.10 

but 


>5.0 


<5.0 

3.51 ±0.57 

Nil 

3.55 ±0.29 

>20,0 

4.85 ±0.86* 

<20.0 

4.87 ± 0.84* 

but 


>5.0 


<5.0 

4.11 ±0.38 

Nil 

2.88 ±0.18 


14.33 ±4.91 

0.12±0.018 

10.77 ± 1.68 

0.17 ±0.03 

10.72 ±2.23 

0.29 ±0.08* 

18.53 ±3.43 

0.15 ±0.02 

15.38 ± 1.92 

0.19 ±0.03 

20.21 ±4.46 

0.13 ±0.03 

16.84 ±3.27 

0.21 ±0.05 

18.47 ± 1.88 

0.15 ±0.02 

15.82 ± 1.56 

0.12 ±0.007 


(« = 36) ___— 

*/?<0.05; P values were obtained by comparison of the respective groups with group 1. 
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vated significantly (p<0,0l) in men showing normosper- 
mia (group VI) or moderate oligozoospermia (group VII), 
after VEA. But, when expressed as |amoles/100 mg protein, 
no significant variation in levels of bound sialic acids 
could be detected even in these groups, compared to 
normal fertile men. Seminal levels of protein in normal 
fertile men were 24.37 ±4.19 mg/mi and showed no sig- 
nificant variation in different groups of subjects. 

Sialic acids bound to spermatozoa (Table 2) were 
significantly elevated in men showing oligozoospermia 
either before (group IV) or after VEA (groups VII and 
VIII). Analysis of data from the post~surgical samples 
showed a decrease in levels of sperm sialic acids which 
was inversely proportional to the sperm count. In the 
post-surgical samples, maximum levels of sperm sialic 
acids were seen in men with severe oligozoospermia 
(group VIII). With increase in sperm count following 
VEA, a decrease in sperm sialic acid levels was seen 
as in men with moderate oligozoospermia (group VII). 
In subjects who became normospermic after VEA, the 
sperm sialic acid levels had decreased to levels com¬ 
parable to that seen in men of proven fertility (group 
VI). 

Increase in sperm count to normospermia occurred 
with passage of time after VEA mainly in subjects who 
had undergone anastamosis at the level of corpus or 
cauda epididymidis; a follow up of these men showed 
a marked decrease in sialic acid levels bound to sper¬ 
matozoa with improvement in sperm count (Table 3). 

The changes taking place in spermatozoa during 
epididymal transit are known in many mammalian species 


Table 2, Levels of sialic acids in spermatozoa of normal and 
infertile men 




Sperm count 

pmole NANA/10^ 

Group 


(million/ml) 

sperm 

I 

Control 

0i=13) 

>20.0 

0.159 ±0.36 

11 

Infertile due to 
unknown causes 
(/2-17) 

>20.0 

0.094 ± 0.027 

III 

Pre-operative 

<20.0 

0.16510.071 


oligozoospermia 

but 



(n = 8) 

>5.0 


IV 

Pre-operative 

oligozoospermia 

(«-8) 

<5.0 

6.27514.919* 

VI 

Post-VEA 

>20.0 

0.11910.039 


normospermia 

(/7 = 10) 



VII 

Post-VEA 

<20.0 

0.39610.123* 


oligozoospermia 

but 



(/2=I2) 

>5.0 


VIII 

Post-VEA 
oligozoospermia 
(/2 = 7) 

<5.0 

3.3791 2.474*^ 

v< 0.001; 

*/7<0.01; p values 

were obtained by 

comparison of the 


respective groups with group I. 


including non-human primates‘^’^^. But, such information 
in the human is lacking mainly due to limitations in 
obtaining spermatozoa from different regions of the 
normal human epididymis; this could be resolved to a 
certain extent by collecting semen from men who had 
undergone surgical anastamosis of vas deferens with 
different regions of epididymis to correct obstructive 
infertility. 

The present study shows that levels of sperm sialic 
acids are lowest in men of proven fertility or in men 
who show normospermia either pre-operatively (group 
II) or after VEA (group VI). But, in men with severe 
oligozoospermia (groups IV and VIII), sperm sialic acids 
are higher compared to men showing moderate oligo¬ 
zoospermia (groups III and VII) or normospermia (groups 
I, II and VI). It is likely that ejaculated sperm from 
severely oligozoospermic men may not have undergone 
maturational changes which are known to be accompanied 
by decrease in sperm sialic acids’^'^^*^. The epididymal 
epithelium at the site of obstruction is highly degenerative 
and does not possess histological features that charac¬ 
terize secretory and absorptive epithelia'^ and may not 
be capable of creating the micro-environment needed 
for sperm maturation to occur. Following VEA, the 
epithelium may gradually resume at least in part, its 
functional capabilities and support some of the matura¬ 
tional events (Kinger and Rajalakshmi, unpublished 
observations). 

The gradual decrease in sperm sialic acids that is 
seen in post-VEA subjects with passage of time after 
surgery may be due to loss in acrosomal sialic acids 
which form a major component of total sialic acids 
extracted by acid hydrolysis^^\ Since sperm maturation 


Table 3. Sperm count and sialic acid levels (|imole NANA X 10*^) 
sperm in men during post-vasoepididymostomy 


Patient 

Sperm count 
(million/ml) 

Site of 
obstruction 

pmole 

NANA X 1 o'* 
Sperm 

RKY 

2.4 

Caput 

2.425 

RKY 

10.0 

Caput 

1.476 

SA 

0.65 

Caput 

• 0.415 

SA 

6.0 

Caput 

0.042 

JL 

15.0 

Corpus 

0.206 

JL 

70.0 

Corpus 

0.090 

JST 

15.5 

Corpus 

0.831 

JST 

40.0 

Corpus 

0.231 

MGJ 

5.9 

Corpus 

0.364 

MGJ 

25.6 

Corpus 

0.110 

MGJ 

60.0 

Corpus 

0.007 

DR • 

19.0 

Cauda 

0.270 

DR 

70.0 

Cauda 

0,043 

RS 

33.0 

Cauda 

0.076 

RS 

65.0 

Cauda 

0.0008 
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is accompanied by reduction in acrosomaP'’^^ size, the 
extent of loss of acrosomal sialic acids during epididymal 
transit would have masked quantitatively any increase 
in binding of sialic acids (as shown by colloidal * iron 
hydroxide binding) to plasma membrane that occurs 
during epididymal maturation^. The exposed surface sialic 
acid residues would not contribute greatly to the overall 
amount of sperm sialic acids. 

Holt^ suggested that sialic acids on sperm surface 
may act by masking antigenic groups, thereby preventing 
phagocytosis of sperm by leucocytes and vaginal epi¬ 
thelial cells rendering their passage to the site of fer¬ 
tilization possible. Recent studies have indicated that 
during epididymal transit, spermatozoa not only undergo 
changes in the organization of the sperm membrane but 
also alterations in the biochemical components. During 
this transit, certain antigenic properties of spermatozoa 
also change due to the addition or loss of respective 
antigens^^. Modifications of existing surface proteins and 
glycoproteins also occur^"^ due to the action of the 
proteases which remove entire proteins from the mem¬ 
brane, cleave existing proteins to remove new antigenic 
sites or modify the glycan part of glycoprotein due to 
the action of glycosidases and glycosyl transferases^^ 
The present observations also indicate that even after 
the development and introduction of new assisted re¬ 
productive technologies like ICSI and SUZI in the 
treatment of male infertility, a role for epididymis in 
sperm maturation cannot be ruled out. 

We did not observe any change in the protein con¬ 
centration of seminal fluid in different groups of subjects 
in contrast to the observation of Lindholmer et al?^ 
who reported a negative correlation between total protein 
concentration and progressive sperm motility. 


1. Tournaye, H., Devroey, P., Liu, J., Nagy, Z., Lissens, W. and 
Steirteghem, A. V., FertiL SteriL, 1994, 61, 1045-1051. 

2. Silber, S. J., FertiL SteriL, 1988, 50, 523-528. 

3. Rajalakshmi, M. and Prasad, M. R. N., J. Endocrinol., 1968, 41, 
471-476. 

4. Prasad, M. R. N. and Rajalakshmi, M., in International Review 
of Physiology, Reproductive Physiology I! (ed. Creep, R. 0.), 
University Park Press, Baltimore, 1977, vol. 13, pp. 153-199. 

5. Holt, W., Biol. Reprod., 1980, 23, 847—857. 

6. Dhermy, D., Simeon, J., Wautier, M. P., Boivin, P. and Wautier, 
J. L., Biochem. Biophys. Acta, 1987, 904, 201-206. 

7. Durocher, J. P., Payne, R. C. and Conrad, M. E., Blood, 1975, 
45, 11-20. 

8. Durr, R., Shur, B. and Roth, S., Nature, 1977, 265, 547-548. 

9. Rajalakshmi, M., Ratna Kumar, B. V., Ramakrishnan, P. R. and 
Kapur, M, M., Andrologia, 1990, 22, 319-326. 

10. Sufi, S. C., Donaldson, A. and Jeffcoate, S. L., WHO Special 
Programme of Research, Development and Research Training in 
Human Reproduction. Programme for the Provision of Matched 
Assay Reagents for Radioimmunoassay of Hormones in Reproduc¬ 
tive Physiology. Method Manual, Fifteenth edition. World Health 
Organization, Geneva, 1991, pp. 15-80. 

11. Rajalakshmi, M., Sharma, R. S., David, G. F. X. and Kapur, 
M. M., Contraception, 1989, 39, 299-306. 

CURRENT SCIENCE, VOL. 73, NO. 11, 10 DECEMBER 1997 


12. Belsey, M, A., Eliasson, R., Gallegos, A. J., Moghissi, K. K., 
Paulsen, C. A. and Prasad, M. R. N., Laboratory Manual for the 
Exoinination of Human Semen and Semen-Cervical Mucus Inter¬ 
action, Press Concern, Singapore, 1980. 

13. Warren, L., J. Biol. Chem., 1959, 234, 1971-1975. 

14. Lowry, O. H., Rosenbrough, N. J., Farr, A. I. and Randall, R. J., 
J. Biol. Chem., 1951, 193, 265-275. 

15. Harisson, R. M. and Lewis, P. W., in Comparative Primate Biology, 
vol. 3, Reproduction and Development (eds Duckelow, W. R. and 
Erwin, J.), Alan R. Liss. Inc,, New York, 1986, pp. 101-148. 

16. Arora. R., Dinaker, N. and Prasad, M. R. N., Contraception, 1975, 
11, 689-700. 

17. Bose, T. K., Prasad, M. R. N. and Moudgal, N. R., Indian J. 
Exp. Biol., 1975, 13, 8-11. 

18. Gupta, G., Rajalakshmi. M., Prasad, M. R. N. and Moudgal, N. R., 
Andrologia, 1974, 6, 35-44. 

19. Toowicharanont, P. and Chulavatnatol, M., J. Reprod. Fert., 1983, 
67, 275-280. 

20. Hartree, E. F. and Srivastava, P. N., J. Reprod. FertiL, 1965, 9, 
47-60. 

21. Bedford, J. M., J. Anat., 1965, 99, 891-906. 

22. Jones, R. C., J. Reprod. FertiL SuppL, 1971, 13, 51-64. 

23. Rajalakshmi, M. and Sivashanmugam, P., in Cellular and Molecular 

. Signalling in Reproduction (eds Sengupta, J. and Ghosh, D.), New 

Age International, New Delhi, 1996, pp. 19-31. 

24. Kaur, J., Ramakrishnan, P. R. and Rajalakshmi, M., Anat. Rec., 
1992, 234, 62-72, 

25. Navaneetham, D., Ph D thesis, All India Institute of Medical 
Sciences, New Delhi, 1993. 

26. Lindholmer, C., Carlstrom, A. and Eliasson, E., Andrologia, 1974, 
6, 181-196. 

ACKNOWLEDGEMENTS. The study was supported by funds from 

the Special Programme of Research, Development and Research Training 

in Human Reproduction to the WHO-Collaborating Centre in Human 

Reproduction, All India Institute of Medical Sciences, New Delhi. 

Received 14 July 1997; revised accepted 17 October 1997 


Monte Carlo simulation of laser light 
scattering in mammalian organs 

Meglia Singh and Susamma Chacko 

Biomedical Engineering Division, Indian Institute of Technology, 
Madras 600 036, India 

On the basis of experimentally measured backscat- 
tering surface profiles of heart, lungs, liver, kidney 
and spleen, the absorption and isotropic scattering 
coefficients, by Monte Carlo simulation, are deter¬ 
mined and are used for .optical characterization of 
these organs. The photon backscattering and the 
distribution within the organ vary depending on these 
coefficients. There is a significant organ to organ 
variation of reflectance, transmittance and absorbance 
with the increase of organ thickness. The pattern of 
variation of these parameters for spleen is significantly 
different from that of other organs. 

When laser light is incident upon a biological tissue, 
due to mismatch in refractive index at air—tissue interface, 
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a part of the beam is specularly reflected, whereas, the 
remaining part undergoes various photon interaction 
mechanisms, including absorption, absorption following 
several scattering, diffuse and collimated transmittance^ 
These mechanisms depend on the optical parameters of 
the tissues/organs and wavelength of the laser source, 
as the penetration of light at the therapeutic window 
(600-1300 nm) is more due to lower absorption and 
scattering^. 

With the growing demand of health care, a large 
number of laser-based techniques have been developed 
and implemented in various disciplines of medicine such 
as ophthalmology, dermatology, dentistry, surgery and 
oncology^"^ and have also been applied in imaging of 
organs by transiliumination^ and reflectance techniques^ 
These applications require the knowledge of fluence 
distribution within the tissues which depends on the 
colour composition and blood flow through these organs 
and wavelength of laser source. As the direct measure¬ 
ment of this is not possible, theoretical analyses either 
based on diffusion theory"'^ or Monte Carlo simulation’^^ 
or both” are carried out. 

The measurements on the surface of human body are 
influenced by the pigmentation of skin, whereas, for in 
situ internal organs this depends on their composition 
and blood flow. For isolated organs the trapped blood 
in various vessels forms a part of tissue composition 
which affects the photon distribution depending on the 
oxidized or reduced form of haemoglobin^^. 

With the advancement of laser technology, the various 
internal organs such as heart, lungs, liver, kidney and 
spleen are treated with these radiations to alleviate the 
sufferings. Depending on their composition, the exposure 
required for treatment may vary. The present work is 
an attempt to determine the optical characteristics of 
these organs. The required optical parameters for this 
analysis are obtained by experimental measurement of 
diffuse reflectance by our recently developed laser 
reflectometer and simulation of this process by Monte 
Carlo simulation technique'^. 

The schematic of the laser reflectometer is given in 
Figure 1. The laser radiations from a compact laser 
LDM 135 (Imatronic, UK) of power 2 mW operating 
at 670 nm is guided to the organ site by an input fibre 
of active diameter 0.1cm and length 100 cm. The 
backscattered radiations are collected by a similar output 
fibre placed in the same cylindrical stainless steel tube 
of diameter 1.0 cm and length 5.0 cm at distance 3 mm 
from the input fibre. These were placed in an outfit to 
maintain the same distance. The backscattered light 
collected by the output fibre was measured by HAD- 
lOOOA (EG and G, USA) silicon high speed-low noise 
photodiode-amplifier with high sensitivity at 670 nm. 
The current output of the detector, proportional to the 
incident light intensity, is converted to voltage by the 


same assembly. The output of this is read on a panel 
meter with a full scale range 200 mV. For further 
measurements at separation distance 4 and 5 mm, the 
fibres were placed in new outfits. The contribution due 
to specular reflectance as obseved in BaSO^ or MgC 03 
coated surface was avoided by choosing these separations 
between input and output fibres^ Further details of this 
technique are given elsewhere. Due to separation between 
input and output fibres > 3 mm, only diffusely backscat¬ 
tered radiations are measured. Prior to all measurements 
the output of the system is adjusted to zero by placing 
the probe on standard (black rubber) surface. 

Freshly excised sheep’s organs (heart, lungs, liver, 
kidney and spleen) were obtained and preserved in 
freezer for one hour in sealed covers. Prior to meas¬ 
urement the excess moisture and blood content from 
the organs’ surface were removed by a filter paper. By 
placing the probe with separation distance 3 mm, after 
zero adjustment, on the organ the diffuse reflectance 
was measured. Thereafter, the outfit with the separation 
distance 4 mm was fitted on the probe and the diffuse 
reflectance from the same tissue site by the same pro¬ 
cedure was measured. By the same process, the reflec¬ 
tance at separation distance 5 mm was also measured. 
Despite the zero adjustment, a variability of 3-5% was 
observed which may be attributed to the placement of 
the probe on the tissue surface. Finally, averaged values 
at each separation were taken. All measurements were 
carried out at room temperature (25°C) and were com¬ 
pleted within 10-15 min from one location of the organ. 
By the same procedure the diffused reflectance of various 
organs was measured. Based on these data, by best-fit 
procedure an experimental surface emission profile was 
constructed. 

For tissue characterization the absorption and scattering 
coefficients of the organs are required. As these coef¬ 
ficients are not known, the simulated surface profile is 



Figure 1. Schemaiic oC the cxpcrinicnlal setup. 
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matched with the experimental curve iteratively. The 
coefficients of the best-fit curve correspond to the 
parameters of the organ. By using these parameters for 
simulation the distribution of photons within the organs 
and optical characteristics such as reflectance, transmit¬ 
tance and absorbance are determined. 

The Monte Carlo simulationis based on the 
following assumptions: (a) The photons propagating 
through the tissue are treated as neutral particles and 
wave phenomenon could be disregarded; (b) The tissue 
is assumed to be homogeneous; (c) Monochromatic beam 
of photons is injected; (d) The isotropic scattering takes 
place. 

For an organ the necessary data to achieve the simu¬ 
lation are - thickness of the organ, cumulative probability 
distribution iy(jc) to get the free path length, cumulative 
probability distribution W{B) to get new direction 0 and 
probability of absorption. These parameters are deter¬ 
mined by absorption and isotropic scattering coefficients. 
Depending on the variability of the photon scattering 
process such as backscattering, penetration followed by 
scattering and absorption, the 30,000 photon histories 
are determined. By counting the number of photons 
in each category the reflectance, transmittance and 
absorbed fractions and their distribution in the organs 
are determined. 

Table 1 shows the values of the absorption and 
isotropic scattering coefficients of the various organs. 

The absorption coefficient is the maximum for spleen 
and the minimum for lungs. The scattering pattern vary 
depending on the composition of the organs and is the 
maximum for heart followed by lungs. Due to the high 



Fijiure 2. Fholon disiiibiiliiMi as obtained by Monte Carlo simulation 
for lungs. 
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absorption coefficient, the depth of penetration and the 
number of backscattered photons are reduced. Figure 2 
shows the photon distribution in the lungs. There is an 
increased number of backscattered photons and also 
within the organ. This is attributed to the low absorption 
coefficient and high scattering coefficient. 

Figure 3 shows the photon distribution within spleen. 
The decreased number of backscattering is attributed to 
high absorption coefficient and low scattering coefficient. 

Based on the number of photons absorbed, transmitted 
and reflected, the various optical characteristics of the 
organs are determined. 

Figure 4 shows the variation in reflectance with the 
increase of organ thickness. Initially this parameter in¬ 
creases with the increase of thickness but attains its 
maximum which depends on the composition of the 
organ. This is the maximum for lungs and the minimum 
for spleen. The attainment of this constant value at large 
thickness is attributed to the self-absorption of photons 
within the organs and thus minimizing the contribution 
to organ reflectance. 

Figure 5 shows the absorbance of these organs. This 
is the maximum for spleen and the minimum for lungs. 
The other organs take intermediate values. By similar 
process the transmittance is also determined. This 
decreases exponentially (Figure 6). The penetration depth 
is more for lungs and less for spleen due to the variability 
of absorption of these organs. By similar process the 
transmittance of heart, liver and kidney is also deter¬ 
mined. 

The photon scattering from various organs is a complex 
process which depends on the optical properties of the 



Figure 3. Photon distribution as obtained by Monte Carlo siniulution 
for spleen. 
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Figure 4. Simulated reflectance variation with thickness for various 
organs. 



Figure 5. Simulated variation of absorbance with thickness for various 
organs. 



Figure 6. Simulated variation of transmittance with thickness for 
lungs and spleen. 


Table 1. Optical parameters (/{^), 
isotropic scattering 


Organ 

jLi^ (cm b 

(cm“b 

Lungs 

3.358 

52.7 

Heart 

4.78 

55.4 

Liver 

1.02 

39,6 

Kidney 

7.20 

40,0 

Spleen 

9.767 

41.0 


organs. The reflectance component is generally due to 
the contributions of the specular and diffuse components, 
but in this work the contribution due to the specular 
reflectance is avoided. Therefore, these data represent 
the reflectance from the tissue beneath the top layer as 
this has shown that the photons which are emitted on 
the surface at a longer distance from the entry point 
emerge from the deeper structures. Within the region 
of optical window the laser radiation can penetrate 
deeper and thus can provide data on the variability of 
the tissue composition. The reflectance images obtained 
by this procedure show good agreement with that as 
obtained by laser Doppler flow meter'^ 

The optical parameters of various organs show the 
respective variation which is further shown by the photon 
scattering plots (Figures 2 and 3) of the organs. The 
absorption coefficient of the liver is comparable to that 
as cited in the literature^^"^^ whereas, for other organs, 
due to non-availability of the data, such comparison 
could not be carried out. For scattering coefficients, 
further correction, by calculating the anisotropic factor 
is required but for the present study, as this is a 
comparative analysis, this calculation is not carried out. 

The present observations show that the absorption 
coefficient is the maximum for spleen and thus the 
number of photons entering into the organ are absorbed 
within a short distance. On the other hand, the scattering 
coefficient is the maximum for the lungs which results 
in the deeper penetration of the photons into the organ. 
Other organs have intermediate values. Depending on 
the distribution and absorption within the organ the dose 
distribution at various depth of the organ could be 
decided. 

But the data presented here do not exactly simulate 
the in vivo conditions. This is just an example of the 
variability of the photon distribution within various 
organs. Recently we have shown that in in situ organs 
of dogs, the reflectance, which comprises of the con¬ 
tribution of specular and diffuse components, vary over 
a large range'^ but by this technique the absorption 
characteristics could not be determined. For in vivo 
measurements, a new technique is being developed which 
not only provide data on optical parameters, but also 
images of the tissue structures. The investigation by 
this technique will be reported in near future. 
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Microwave dissolution techniques for 
the analysis of geological materials 
by ICP-MS 

V. Balaram 

National Geophysical Research Institute, Hyderabad 500 007, India 

Microwave ovens are being used increasingly for the 
dissolution of wide range of geological materials. Such 
devices are more useful especially in conjunction with 
high sensitive multi-element techniques such as 
inductively coupled plasma mass spectrometry (ICP- 
MS). This study evaluates the data of several trace 
and ultra-trace elements including specialized groups 
of elements such as rare earths, and platinum group 
elements and gold in a variety of rock and ore 
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samples after the samples were subjected to microwave 
digestion followed by ICP-MS analysis. Microwave 
digestion yielded very clear solutions rapidly. Data 
with reasonable precision and accuracy were obtained 
even for elements such as Zr, Hf, Nb and W the 
quantitative recoveries of which are very difficult to 
obtain using conventional open acid decompositions. 
Near-quantitative recoveries were obtained for Pt, 
Pd, Ag and Au even in difficult to dissolve ‘chromite 
ore’ samples. The gold values obtained on 10 g 
quantities of several field samples, and few interna¬ 
tional gold reference samples demonstrated the utility 
of microwave dissolutions in combination with ICP- 
MS in gold exploration studies. 

Modern geochemical studies involving both pure and 
applied aspects require geochemical data of several trace 
elements including specialized groups of elements such 
as rare earth elements (REE), large-ion-lithophile ele¬ 
ments (LILE, e.g. Rb and Cs), high field strength 
elements (HFSE, e.g. Ta, Nb, Hf and Zr), platinum 
group elements (PGE) and gold in rocks ores and mineral 
samples with greater precision and accuracy at natural 
abundance levels. Analytical instrumental techniques such 
as atomic absorption spectrometry (both flame and flame¬ 
less) ^ inductively coupled plasma atomic emission spec¬ 
trometry^ and inductively coupled plasma mass 
spectrometry^, are widely used to determine the major, 
minor, trace, and ultra-trace elements in rocks, ores and 
other geological samples. Most of the analytical tech¬ 
niques require sarriples in the form of solution for 
analysis. Though, there is growing interest in the atomic 
spectroscopic determination of elements directly in solid 
samples (powders) without the need of decomposition"^, 
these methods have not gained popularity and are not 
suitable for routine application for several reasons. For 
example, solid sampling approaches in flame AAS are 
not directly utilizable because of insufficient dissociation 
of solid particles in the relatively cold flame^. The solid 
sampling approaches are particularly difficult in 
ICP-spectrometry because of physical and chemical in¬ 
terferences due to difference in transport and dissociation 
phenomena between the solid slurried samples and 
solutions used for calibration. 

Despite significant progresses observed recently in 
analytical instrumentation, especially multi-element tech¬ 
niques^, sample preparation of geological samples con¬ 
tinues to be a major problem because of the refractory 
nature of some of them. Sample preparation and deve¬ 
lopment of methods have also become a growing field 
along with instrumental improvements’. Since the adap¬ 
tation of a domestic oven for the dissolution of metal 
and mineral samples in a HCI-HF-HNO 3 medium^ there 
have been many attempts to use microwave heating 
systems to decompose various geological samples for 
precise estimation of major, minor, trace and ultra-trace 
elements including REE, using various instrumental 
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methods such as AAS^, ICP-AES and In 

the present study, ICP-MS in combination with a mi¬ 
crowave oven was examined for its potential for a rapid 
turnaround method for the analysis of a variety of 
geological samples for pure and applied geochemical 
studies. 

The ICP-MS instrument used was a PlasmaQuad PQl 
(V.G. Elemental Analysis, UK) controlled by an IBM 
PC-XT micro computer and associated software (issue 
3.1). More details are given elsewhere^^. 

All the dissolutions were done using a computer 
controlled Model Qwave 3000 Microwave Oven (Ques- 


tron Corporation, Mercerville, New Jersey, USA) with 
fume exhaust, rotating carousel with 10 multi-ply 120 
ml PFA (tetrafluoroethylene-perfluoroalkoxy-ethylene) 
high pressure digestion vessels capable of operation up 
to 625 psi at 230°C. These vessels use microwave energy 
to rapidly heat the sample and thus enable more effective 
acid attack on refractory materials. The maximum pres¬ 
sure possible depends upon the nature of the material. 
This unit has a pressure monitor system with feedback 
to enable computer control of the pressure and tempera¬ 
ture within the vessels. In general, about 900 W mag¬ 
netron power was used for the digestions with microwave 


Table 1. Concentrations (ug/g) of several trace and ultra-trace elements including rare earths in a few 
geological references samples determined by ICP-MS after microwave digestion 


Element 

G-2 (Granite) 

‘ w-2 (Diabase) 

JB-2 (Basalt) 

MRG-l 

(Gabbro) 

ICP-MS 

value* 

Certified 

value'^ 

ICP-MS 

value* 

Certified 

value^^ 

ICP-MS 

value* 

Certified 

value‘s 

ICP-MS 

value* 

Certified 

value‘s 

Li 

30.2S 

34.0 

10.01 

9.3 

8.37 

8.0 

3.83 

4.2 

Be 

2.44 

2.5 

1.28 

1.3 

0.26 

0.27 

0.51 

0.61 

Sc 

2.68 

3.5 

34.61 

35.0 

52.63 

54.4 

52.44 

55.0 

V 

38.12 

36.0 

251.16 

262.0 

550.7 

578.0 

517.88 

526.0 

Cr 

9.41 

8.7 

92.19 

93.0 

27.33 

27.4 

420.89 

430.0 

Co 

4.76 

4.6 

43.46 

44.0 

37.32 

39.8 

87.25 

87.0 

Ni 

4.72 

5.0 

69.84 

70.0 

15.08 

14.2 

188.55 

193.0 

Cu 

12.11 

11.0 

100.17 

103.0 

210.0 

227.0 

120.45 

134.0 

Zn 

88.75 

86.0 

79.27 

77.0 

116.33 

110.0 

179.63 

191.0 

Ga 

22.55 

23.0 

18.44 

20.0 

17.28 

17.0 

18.19 

17.0 

Ge 

0.93 

1.14 

1.10 

1.0 

1.30 

1.28 

0.28 

- 

Rb 

166.01 

170.0 

21.22 

20.0 

6.34 

6.2 

8.59 

8.5 

Sr 

476.33 

478.0 

198.61 

194.0 

182.76 

178.0 

269.95 

266.0 

Y 

10.70 

11.0 

25.03 

24.0 

25.75 

24.9 

14.50 

14.0 

Zr 

301.19 

309.0 

100.09 

94.0 

51.73 

51.4 

101.42 

108.0 

Nb 

12.17 

12.0 

7.80 

7.9 

0.76 

0.90 

19.41 

20.0 

Mo 

6.94 

1.02 

0.62 

0.6 

0.96 

1.1 

0.91 

0.87 

Cd 

0.02 

0.016 

0.09 

0.104 

0.12 

0.14 

0.15 

0.168 

In 

0.04 

0.032 

0.09 

_ 

0.05 

0.067 

2.94 

- 

Sn 

2.01 

1.8 

3.11 


0.60 

0.56 

3.51 

3.6 

Sb 

0.09 

0.07 

0.71 

0.79 

0.25 

0.27 

0.84 

0.86 

Cs 

1.29 

1.34 

0.96 

0.99 

0.86 

0.90 

0.61 

0.57 

Ba 

1824.92 

1882.0 

179.79 

182.0 

215.44 

208.0 

54.34 

61.0 

La 

88.44 

89.0 

11.12 

11.4 

2.49 

2.37 

9.71 

9.8 

Ce 

157.76 

160.0 

23.50 

24.0 

6.66 

6.77 

25.95 

26.0 

Pr 

16.38 

18.0 

2.90 

5.9 

1.04 

0.94 

3.52 

3.4 

Nd 

55.45 

55.0 

13.26 

14.0 

6.81 

6.7 

19.48 

19.2 

Sm 

7.38 

7.2 

3.40 

3.25 

2.19 

2.25 

4.66 

4.5 

Eu 

1.50 

1,4 

1.15 

l.l 

0.90 

0.86 

1.41 

1.39 

Gd 

4.20 

4.3 

3.69 

3.6 

3.22 

3.28 

4.01 

4.0 

Tb 

0.51 

0.48 

0.64 

0.63 

0.59 

0.62 

0.54 

0.51 

Dy 

2.62 

2.4 

3.68 

3.8 

3.89 

3.66 

2.86 

2.9 

Ho 

0.38 

0.4 

0.76 

0.76 

0.83 

0.81 

0.54 

0.49 

Er 

0.97 

0.92 

2.35 

2.5 

2.68 

2.63 

1.18 

1.12 

Tm 

0.16 

0.18 

0.35 

0.38 

0.45 

0.45 

0.13 

0.11 

Yb 

0.75 

0.80 

2.10 

2.05 

2.78 

2.51 

0.63 

0.60 

Lu 

O.ll 

0.11 

0.31 

0.33 

0.40 

0.39 

0.12 

0.12 

Hf 

7.69 

7.9 

2.56 

2.56 

1.42 

1.42 

3.89 

3.72 

Ta 

0.92 

0.88 

0.53 

0.50 

0.18 

0.20 

0.78 

0.8 

W 

0.39 


0.31 

0.30 

0.30 

0.26 

0.32 

0.30 

T1 

0.98 

0.91 

0.18 

0.2 

0.94 


0.05 

- 

Pb 

31.82 

30 

10.01 

9.3 

5.68 

5.4 

9.51 

10 

Th 

26.13 

24.7 

2.29 

2.2 

0.33 

0.33 

0.87 

0.93 

U 

2.04 

2.07 

0.52 

0.53 

0.20 

0.16 

0.28 

, 0.24 


SY-2 (Syenite) was used for calibration; ^Average of four determinations; G-2 & W-2 are from the US 
Geological Survey; JB-2 is from Geological Survey of Japan; SY-2 and MRG-l are from Canadian Certified 
Reference Materials Project; Average precision <5% RSD; - not available. 
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power duration time of 25 min. The maximum pressure 
and temperature attained during digestion were approxi¬ 
mately 380 psi and 205°C. All the samples gave clear 
solutions. All the samples were dissolved in duplicate 
and each sample analysed twice. 

Here, some of the results of the studies carried out 
in our laboratory using microwave digestion, of rock 
and ore samples and subsequent estimation of number 
of trace elements including specialized groups such as 
rare earths, platinum group elements, by ICP-MS are 
presented. 

For the estimation of rare earths and several other 
trace elements, 100 mg quantities of different geochemi¬ 
cal I'eference samples (SY-2, G-2, W-2, JB-2 and MRG-1) 
were dissolved in a PFA vessel utilizing a mixed acid 
attack of HF-HNO 3 -HCIO 4 (7 ml 4- 3 ml + 1 ml) after add¬ 
ing 1 ml of 10 |ig/ml Rh and Bi to act as internal 
standards. The vessels were cooled under tap water to 
room temperature before opening the lids. Solutions 
were inspected visually, and the microwave program 
was repeated until the samples completely dissolved. 
For consistency, however each material was processed 


Table 2. Concentrations of gold in Chinese gold refer¬ 
ence samples determined by ICP-MS after microwave 
digestion of samples (total dissolution using HF) 


Au 


Sample 

ICP-MS value*'' 

Certified value' 

GAu-8 

7.0 ng/g 

0.5 ng/g 

GAu-9 

10.0 ng/g 

1.5 ng/g 

GAu-10 

15.0 ng/g 

5.3 ng/g 

GAu-lI 

17.0 ng/g 

14.3 ng/g 

GAu-l2 

25.0 ng/g 

21.5 ng/g 

GAu-13 

61.0 ng/g 

50.0 ng/g 

GAu-14 

0.12 iig/g 

O.IO [ig/g 

GAu-l5 

0.32 |ig/g 

0.30 |ig/g 

GAu-16 

1.08 |ig/g 

1.09 jig/g 

GAii-17 

3.30 |ig/g 

3.40 ]ig/g 

GAu-18 

10.09 |ig/g 

10.00 |ig/g 


* Average of four determinations. 
Average precisions < 10% RSD. 


through the microwave program three times. After 
microwave digestion, the contents were transferred to 
100 ml teflon beakers, silica was expelled by heating 
at 210°C on a hotplate. The residue was dissolved in 
20 ml of 1 : 1 HNO,. The contents were cooled and the 
volume made up to 100 ml and stored in polyethylene 
bottles. The ICP-MS analysis for REE and several trace 
elements was carried out as described elsewhere'^ and 
the results are presented in Table 1. 

Estimation of gold concentrations was carried out in 
a few Chinese gold reference samples (GAu -8 to GAu- 
18). To 2g sample in all PFA-microwave digestion 
vessel, 10 ml of freshly prepared aqua regia, 5 ml bro¬ 
mine, 10 ml of HF, 1 ml of HCIO, and 5 ml of 10 htg/ml 
Rh (to act as an internal standard) were added. The 
samples were digested using microwave oven at a maxi¬ 
mum pressure of 625 psi and a temperature of 210°C 
for 30 min. The microwave program was repeated once 
more with 20 min interval. After cooling, the contents 
in the respective digestion vessels were transferred to 
teflon beakers. Silica was expelled by heating the beakers 
on hotplate (220°C) and the contents were reduced to 
about 10 ml by further heating and the final solution 
brought to 500 ml volume with double distilled water 
before the estimation of gold by ICP-MS''*. The results 
are presented in Table 2, . 

Standard reference materials, noble metal-bearing 
nickel-copper matte (PTM-1), and chromite ores (CHR- 
Pf and CHK-Bkg) were chosen for this purpose. 0.5 g 
sub-sample was weighed in each case into a PFA-mi- 
crowave digestion vessel, 5 ml of aqua regia, 3 ml of 
HF and 2 ml HCIO^ were added. Later 1 ml of 10 Fg/ml 
cesium was added to act as an internal standard. The 
samples were digested in a microwave oven with a 
30 min microwave program. The program was repeated 
once more with a time interval of 20 min cooling time 
in between. After cooling to room temperature under 
tap water, the samples were transferred to 100 ml teflon 
beakers and the contents were evaporated to incipient 
dryness at 220°C on hotplate. The residue was dissolved 


Table 3. Concentiation.s (pg/g) of precious metals determined by ICP-MS after the pre- 
ciou.s metal reference .samples dissolved by the microwave digestion procedure 


Element 

PTM-I 

CHR-Pt^ 

CHR-Bkg 

ICP-MS 

value* 

Certified 

value‘^ 

ICP-MS 

value* 

Certified 
value‘s . 

ICP-MS 

value* 

Certified 
value 17 

Ru 

0.34 

0.5 

0.80 

9.2 

0.07 

0.067 

Rh 

0.94 

0.9 

1.00 

4.70 

0.03 

0.009 

Pd 

7.89 

8.1 

83.13 

80.8 

0.11 

0.07 

Ag 

65.80 

66.0 

23.24 

- 

20.06 

- 

Os 

O.Il 

0.14 

0.89 

1.9 

0.03 

0.027 

Ir 

0.40 

0.3 

1.25 

6.2 

0.71 

1.028 

Pt 

5.75 

5.8 

58.01 

58.0 

0.10 

0.05 

Au 

1.70 

1.8 

4.51 

4.3 

0.04 

0.028 


Average of four determinations. 
Average precisions < 10% RSD. 
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by the addition of 20 ml of 1:1 HNO 3 and heating. 
The contents were cooled and the volume made to 
100 ml with double distilled water. The solutions were 
analysed for Au, Ag and PGE using ICP-MS^^ and the 
results are presented in Table 3. 

It is well known that gold occurs at very low con¬ 
centrations and is distributed heterogeneously in rocks 
and minerals. Consequently, relatively large sample sizes 
(> 10 g) are typically processed to obtain representative 
concentrations. Gold was extracted from 10 g sample in 
some field samples from Karnataka and a few interna¬ 
tional gold reference samples using microwave digestion 
after the sample was attacked by aqua regia by the 
following microwave dissolution procedure. 10 g sample 
(260 mesh) was taken in a porcelain crucible and roasted 
for 30 min in a muffle furnace at 700°C. After cooling, 
the sample was transferred to 125 ml PFA-microwave 
digestion vessel and 30 ml of freshly prepared aqua 
regia was added. All the samples were digested in a 
microwave oven for 20 min. The microwave program 
was repeated once more to get maximum extraction of 
gold from the samples. After cooling the vessels to 
room temperature, the contents in each case were- trans¬ 
ferred to a 250 ml volumetric flask and the volume was 
made. The solutions were filtered using Whatman 41 
filter paper, 10 ml of the filtrate was diluted to 100 ml 
after adding 1 ml of 10|ig/ml Rh to act as an internal 
standard. Tins will enable to keep the total dissolved 
solids (TDS) below 0.4% as ICP-MS cannot tolerate 
higher TDS levels. Some of the field samples (10 g 
each) were also digested using normal open digestion 
procedure in a 250 ml Corning glass beaker, after adding 
50 ml of freshly prepared aqua regia. Heating (at 210°C) 
was done for 5-6 h under reflex conditions by keeping 
the volume of aqua regia constant at 50 ml by periodic 
addition. Finally, the volume was made to 250 ml. The 
filtration, addition of internal standard, and dilution for 
a working solution were done exactly in the same way 
as in the case of closed microwave digestion procedure. 
The samples in the case of both closed microwave and 
open digestion were analysed by ICP-MSand results 
are presented in Tables 4 and 5. 

Data presented (Table 1) for a series of four geological 
reference samples covering a wide spectrum of reference 
rock samples, show that data obtained for the rare earths 
and several other trace elements show reasonable agree¬ 
ment with certified values with precisions <5% relative 
standard deviation (RSD) and a comparable accuracy 
for most of the elements. Especially the data for Ni, 
Zr, Nb, Ta, Hf and W the quantitative extractions of 
which are very difficult using conventional dissolution 
procedures, show almost quantitative recoveries using 
microwave dissolution. 

The values of gold (Table 2) ranging from ng/g to 
|Lig/g obtained after the microwave dissolution followed 


by ICP-MS estimation show good agreement with cer¬ 
tified values except in cases where gold is present at 
ultra-trace levels (<5ng/g). On the other hand, Table 
3 shows the effectiveness and utility of microwave 
digestion of ‘difficult to dissolve’ samples such as 
chromites for subsequent estimation of gold, silver and 
other precious metals by very high sensitive technique 
such as ICP-MS. These results also show that the 
measured values are generally well within the range of 
reference values for certain elements such as Ag, Au, 
Pt and Pd in all the samples. For other elements like 
Os, Ir, agreement is good only in the case of PTM-1 
and CHK-Bkg in which the concentrations of these 
elements are low. In the case of CHR-PC low recoveries 
were obtained for Ru, Rh and Ir, suggesting that some 
more detailed studies are required. 

The microwave digestion of 10 g samples followed 
by the determination of gold using ICP-MS was examined 
for its potential for use in gold exploration studies. The 
concentrations of gold obtained in some international 
gold reference samples and one field sample from Kar¬ 
nataka are presented in Table 4. The per cent recoveries 

Tabic 4. Concentration of gold (gg/g) obtained by ICP-MS in 

different gold reference materials after 10 g samples .subjected to 
microwave di.s.solution in comparison with certified values wherever 
available (partial dis.solution using aqua regia only) 


Au (gg/g) 

Sample 

ICP-MS 

value 

Reference 

value''’’ 

Recovery of Au 
(%) 

GAu-15 

0.12 

0.30 

73.33 

GAu-16 

0.81 

1.09 

74.31 

GAu-17 

2.91 

3.40 

85.59 

GAu-18 

9.46 

10.00 

94.60 

Aj Ore 

- 7.89 

9.3r 

84.75 

PTM-I 

1.81 

1.80' 

100.00 


^NGRI value. 

’’‘Average of four determinations. 

Average prcci.sion < 8% RSD. 

^W. S. Bowman, CANMET Certified Reference Materials, CCRMP 
90-IE (1990). 


Tabic 5. Comparison of the effectiveness of microwave digestion 
with conventional open dige.stion in the extraction of gold from a 
few gold ore samples from Karnataka 

Sample 

Values of gold (gg/g) 
determined by ICP-MS after 
microwave dissolution* 

10 g sample was 
digested 

Open digestion* 

GRS 17 

0.57 

0.19 

TKG 2132 

1.56 

a39 

TKG 232 

0.86 

0.39 

TKG 233 

0.73 

0.22 

TKG 247 

0.66 

0.32 

TKG 278 

0.74 

0.21 


*Avcrage of four determinations. 
Average precision < 8% RSD. 
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of gold obtained for different samples ranged between 
73 and 100. These results suggest that the microwave 
digestion of rock and ore samples followed by the 
estimation of gold by ICP-MS can be extremely useful 
in gold exploration studies. 

In an attempt to compare the high efficiency of 
microwave digestion method with conventional open 
digestion method for the extraction of gold, a few iron 
formation samples from Karnataka were dissolved using 
both the procedures and gold concentrations were esti¬ 
mated by ICP-MS. The comparative results (Table 5) 
suggest that microwave digestion procedure is more 
rapid and efficient. 

In general, the detection limits obtained for different 
elements in this study were less than 0.05 ng/ml (ppb) 
for all the elements, and the average value obtained on 
replicate analyses of different samples in these investi¬ 
gations are within 5% RSD for all the trace elements 
including REE, and within 10% RSD for PGE and gold. 

The digestion of geological samples using microwave 
decomposition methods is simple and can be completed 
within minutes. On the other hand, conventional methods 
of open acid digestions and fusion methods require few 
hours or days to completion. As an added advantage, 
exposure to hazardous chemicals and poisonous fumes 
is considerably reduced. The other advantages of 
microwave dissolution include yielding very low blank 
levels, use of relatively small amounts of acids and 
other reagents apart from allowing very fast dissolutions. 
Extremely low levels of detection limits (in the range 
of ppb and ppt) are obtained for several elements because 
of low blank levels obtained in these studies. So the 
combination of microwave oven for sample dissolution 
and ICP-MS for element detection and estimation would 
enable us to generate geoanalytical data of several trace 
elements including specialized groups such as rare earths, 
platinum group elements and gold with greater precision 


and accuracy at natural abundance levels than were 
previously achievable. 
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Erratum 

Surjit Singh - An obituary 

[Curr. ScL, 1997, 73, 892] 

Read ‘12 June 1940’ instead of ‘12 June 1994’ in 3rd column, 2 paragraph, 13th line. 
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Vibrational Spectroscopy; Theory and 
Applications. D. N, Sathyanarayana. New 
Age Internationai Pvt Ltd, 4835/24, 
Ansari Road, Daryaganj, New Delhi 
110 002. Price: Rs750. 715 pp. 


The two complementary vibrational spec¬ 
troscopic methods, viz. infrared and 
Raman spectroscopy are essential for the 
study of polyatomic molecules and crys¬ 
talline solids. Vibrational spectroscopy is 
an interdisciplinary subject covering phys¬ 
ics, chemistry, biology, geology, material 
science, bio-physics, bio-chemistry, bio¬ 
technology, forensic science, etc. It pro¬ 
vides information about various kinds of 
molecular interactions. The determination 
of strength of the hydrogen bond is a 
particularly important field of application 
of vibrational spectroscopy. Polarized 
spectra help to determine the positions 
of the ions and molecules in the unit 
cell. Phase transitions can be detected by 
measuring the temperature dependence of 
vibrational spectra. The thermodynamic 
properties such as heat content, free 
energy, entropy and heat capacity can be 
determined through vibrational spectro¬ 
scopic data. Thermodynamic properties 
have practical importance since it is dif¬ 
ficult or sometimes even impossible to 
measure these quantities experimentally. 
If the experimentally-observed frequen¬ 
cies are available for the polyatomic mole¬ 
cule, it is possible to evaluate all the 
thermodynamic properties. The properties 
calculated are the combined translational, 
rotational and vibrational contributions. 
These properties are useful to material 
scientists and industries. 

The intensity studies on the vibrational 
spectra throw light on the nature of the 
structure, intermolecular forces, effect of 
temperature, conjugation, substitution, 
positional isomerism and solvents. 

Due to industrial problems of increasing 
complexity, rapid advances took place in 
IR and Raman spectroscopies. The biggest 
factors in these advances are lasers and 
computerization. Vibrational spectro¬ 
scopic microprobes became popular in 
recent years. The samples for microprobe 
analysis are homogeneous, exhibiting in¬ 


clusions, phase segregation, bubbles, im¬ 
purities, catalysts, corrosion, minerals, 
polymers, ferrography, fossil fuels, envi¬ 
ronmental samples, photo voltaic devices 
and ceramic materials. The spectroscopic 
interest in ceramic fibres and polymers 
is becoming more and more important in 
the present age. 

The introduction of Fourier transform 
infrared and Raman spectroscopy created 
a big revolution in vibrational spectro¬ 
scopy owing to its high resolution and 
other advantages. Fluorescence from elec¬ 
tronic transitions occurring from laser fre¬ 
quency is many times stronger than 
Raman scattering. Further, conventional 
Raman spectroscopies use high power 
lasers which require large power supplies, 
chillers, etc. Fourier transform Raman 
with exciting frequency in the near IR 
spectral region (Nd : YAG laser - 1.064 
micrometers) removed all the above dif¬ 
ficulties. Thus the FTR spectroscopic 
techniques provide useful information for 
a large number of industries such as 
polymers, chemical catalysts, petroleum, 
coal, pharmaceuticals, cosmetics, health 
care and paper industries. 

The use of high power lasers opened 
a new spectroscopic area, namely non¬ 
linear spectroscopy. Harmonic generation 
stimulated Brillouin scattering, stimulated 
Raman effect, hyper Raman effect, phase 
conjugation and coherent anti stokes 
Raman effect are a few examples of 
nonlinear spectroscopy. These nonlinear 
effects frequently have strongly direc¬ 
tional characteristics because optical 
media are generally dispersive and often 
birefringent. 

I have just touched the state of art of 
vibrational spectroscopy and on a few of 
many existing and new applications of 
vibrational spectroscopy. This area will 
certainly help to solve even more difficult 
and complicated problems in future. 
Hence, a book on vibrational spectroscopy 
covering all the above aspects at the 
introductory level is a good boon to the 
student community. The author has suc¬ 
ceeded in this regard in his book on 
Vibrational Spectroscopy, As stated by 
the author, many of the topics on vibra¬ 
tional spectroscopy have already appeared 


as individual excellent books. The 
author’s effort to unify the various topics 
in a single book is a good attempt. As 
it is not possible to cover all the areas 
of vibrational spectroscopy in a single 
book, the author has deliberately left a 
few important topics, which are really 
interesting areas in this branch of study. 
The book consists of three parts. Chapters 
1 and 2 deal with basics of infrared 
spectroscopy and instrumentation, while 
Chapters 3 and 4 discuss essential group 
theory and its application to vibrational 
spectroscopy. The rotational spectra and 
vibrational spectra of diatomic and 
poly-atomic molecules are given in Chap¬ 
ters 5 and 6. All these six chapters form 
the first part of the book. In the second 
part, Raman spectroscopy is discussed 
briefly in Chapter 7. Although this chapter 
gives a brief view on nonlinear Raman 
effects, the important development on 
Fourier transfer Raman spectroscopy is 
missing. The third part covers structure 
of small molecules, application to coor¬ 
dination chemistry, organic compounds, 
spectral properties, polarization measure¬ 
ments and basics of normal coordinate 
calculations from Chapters 8 to 14. These 
chapters give an idea about these topics 
to students and cannot serve as a reference 
volume. The appendices will be useful 
to the beginners in this field. 

A special feature of the book is the 
relevant references under each chapter 
along with the well-designed problems. 
The presentation of the material is very 
clear and it is a good book for self-study. 
Another noteworthy feature is that the 
book is free from errors. 

The book has certainly achieved its 
goal of introducing the subject to the 
post-graduate students (M Sc) and senior 
under-graduate students (B Sc) of physics 
and chemistry. Hence, it is recommended 
to the students and researchers who want 
to explore the growing areas in vibrational 
spectroscopy. 

S. Mohan 

Department of Physics, 

Pondicherry University, 

Pondicherry 605 0J4, India 
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Annual Review of Immunology 1997. 

William E. Paul, ed. Annual Review Inc., 
4139 El Camino Way, P.B. No. 10139, 
Palo Alto, California, USA. Price: Indi¬ 
viduals, $ 69. Institutions, $ 138. Volume 
15. 917 pp. 


The glaring difficulty for a reviewer who 
has commented on volume 13 of the 
series is; - what new things does one find 
to say about volume 15 now? Is it that 
the things one said about volume 13 no 
longer apply to volume 15? No; they 
do, indeed so Well as to be boring. The 
transition to biochemical-molecular events 
continues, as does the political rectitude 
of the volume in terms of representation 
of both geographical and field diversity. 
The staid comprehensiveness is still al¬ 
most official policy. Most reviews still 
have the air of reporting everything that 
has ever happened in the small area being 
described to death. As a result, the volume 
still remains of interest and use mainly 
to those workers who need the small 
details but cannot be bothered to go find 
them in the original papers. Perhaps the 
steadily-expanding scales of both effort 
and publication have begun to justify this 
shortcut, though. Unfortunately, while the 
Annual Reviews of Immunology can make 
a virtue of being boring, the reviewer 
runs grave risks of editorial displeasure 
should a simple reiteration of previous 
comments be provided. 

So what is new about this volume? 
Let us start at the beginning, which, for 
the Annual Reviews of Immunology, is 
always a personal essay by an elder 
statesman of the discipline. The mantle 
this year has fallen on Prof. Tomio Tada. 
The personal essays commissioned by 
such volumes must, one imagines, cause 
something of a dilemma to the prospective 
authors. Should they simply describe their 
current science, in which case they run 
the risk of not sounding like elder states¬ 
men? Should they look back and tell 
fireside tales of the glorious days of their 
youth in the field, which risks their being 
laughed at and written off as practising 
scientists? Or should they draw the mantle 
firmly around themselves and look down 
with ‘perspective’ from the mountaintop 
at all the struggling little people in the 
field and, firmly ignoring all the ribald 
accusations of pomposity, provide words 
of measured criticism, balanced hope 
and — dare one say it — wisdom? Tada has 


opted for the last, and with his charming 
humility, has managed to escape any 
charge of patronizing bossiness while he 
argues his view of the immune system 
(and the nervous system and embryo- 
genesis and evolution ...) as a sort of 
organized ‘supersystem’. The result is an 
attempt to look at the field in an ‘all- 
embracing’ perspective and to perceive a 
level of organization in the immune sys¬ 
tem that makes it an autonomous ‘self- 
satisfied’ being, somewhat like 
Lovelock’s Gaiea. The trouble is that 
unified theories which explain every fact 
and predict none are not of any great 
use to the struggling professionals in the 
discipline. It almost makes one wish that 
Tada had opted instead to tell stories of 
his early days in immunology; ~ with his 
charm, he could have told some wonderful 
ones. 

Curiously, the rest of the volume is 
conspicuously contrary to his position of 
seeing the big picture; - almost as though 
the remaining authors had been repeatedly 
adjured with the spectre of a god residing 
in the little details. More realistically, it 
is probably a result of increasing com¬ 
petitive pressure on workers in science 
that they tend to restrict themselves more 
and more to the mechanistic details of 
their field rather than stick their necks 
out about the possible relevance of find¬ 
ings in their areas to interfacing disci¬ 
plines. One odd byproduct of this 
tendency in immunology is the relative 
paucity of topics in classical immunology 
discussed in this volume. Only two pro¬ 
cesses of classical interest are to be found, 
-exogenous antigen processing and the 
Thl/Th2 dichotomy. One cellular odd¬ 
ity-NK-T cells, and one molecular 
oddity-the H-Y epitopes, are repre¬ 
sented. While the former may be signifi¬ 
cant in some physiological sense, the 
latter seems to have found a place only 
as a historical accident. The H-2M3 his¬ 
tocompatibility molecule has been com¬ 
prehensively described as an element with 
a preference for N-formylated peptides 
which have a greater likelihood than most 
for being of bacterial origin. There is a 
significant review from von Boehmer and 
colleagues about the functions of the pre- 
T-alpha receptor in T cell development. 
This is an area of many paradoxes, -- the 
receptor is part diverse, part uniform, and 
its necessity makes it possible for the 
developing T cell to use a receptor before 
it has a complete one. 


A large chunk of the remaining articles 
have classically biochemical perspectives 
(so that they would not be out of place 
in the Annual Review of Biochemistry). 
That is, they discuss the fallout of the 
identification and characterization of one 
or a set of molecules. At one end of this 
group are the purely genetic identifica¬ 
tions with only tenuous mechanistic links 
to the physiological phenomena they con¬ 
trol. Discussions of the Ikaros and related 
genes, the ataxia-telangiectasia gene and 
a more general update on primary 
immunodeficiency disorders are examples. 
The larger bulk of biochemical articles 
occupying middle ground talk of signaling 
molecules, - CD22, IL-6 and other 
chemokines, interferon and its receptor, 
inducible nitric oxide synthase, thiore- 
doxin, immunoglobulin Fc receptors, 
protein tyrosine kinases and the IL-2 
gene-regulating transcription factor NF- 
AT. At the more immunological end of 
this biochemical spectrum, two articles 
stand out from the herd in being more 
than compendia. In one, while discussing 
B cell receptor-mediated signaling, Reth 
and colleagues propose that there are yet 
unidentified signal transducers linked to 
the B cell receptor. In another extensive 
analysis of signaling pathways in T cells, 
Perlmutter and colleagues acknowledge 
that the connection between these bio¬ 
chemical investigations and the functional 
choices made by T cells in terms of 
magnitude and quality of immune re¬ 
sponse are currently hazy enough to be 
nonexistent. 

The easy attraction of trying to explain 
diseases in immunological terms does not 
fade, of course. Predictably, HIV takes 
pride of place-people discuss comple¬ 
ment and HIV, dendritic cells and HIV 
and escape variants of HIV. There are 
descriptions of virus-immune system in¬ 
teractions with EBV and HTLV-1, and 
of immunity to (or, more correctly, 
immunity AND) gut nematode parasites 
and Borrelia burgdorferi. Oddly enough 
for these times of fix-it-up biology, the 
review on Borrelia is rare in making 
overt reference to vaccine development. 
The major exceptions to this uncharac¬ 
teristic humility and reticence about the 
‘uses’ of immunology are, of course, both 
the chapters written by workers from 
industrial organizations. Bolen and 
Brugge orient their discussion of protein 
tyrosine kinases to the grail of drug 
discovery, while Liu and colleagues write, 
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more explicitly, of 'DNA vaccines’. This 
is a highly competent, if partisan, docu¬ 
mentation of all facts supporting the 
position that this is the vaccination 
strategy of the future, in which both the 
pre-occupations of explaining this 
exceedingly peculiar phenomenon and 
those of putting it to use (and profit!) 
jostle each other. 

An undoubted high note of the volume 
for this reviewer is the piece on anti-viral 
B cell responses by Zinkernagel and 


colleagues, which describes the dichotomy 
in the behaviour of neutralizing versus 
non-neutralizing anti-viral antibody 
responses. The authors move effortlessly, 
if in dense language and logic, between 
the implications of the findings for 
virus-host relationships and vaccine 
strategies and their significance in 
explaining the mechanistic control of B 
cell reactivity. A review that makes 
connections not obviously and linearly 
apparent is a joy to read even when it 


is an effort. Perhaps that is a requirement 
the editors of the Annual Reviews should 
demand of their reviewers rather than 
simply relying on the god of small things. 


Satyajit Rath 


National Institute of Immunology, 
Aruna Asaf Ali Marg, 

New Delhi 110 067, India 
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GOVERNMENT OF INDIA 
Ministry of Science & Technology 
Department of Biotechnology (DBT) 

Award of Biotechnology Overseas Associateship: 1997-98 

Applications are invited from Indian nationals for the award of Biotechnology Overseas Associateships 
(1997-98) for conducting advanced research or undergoing specialized research training in overseas 
research institutes/laboratories in the priority areas of Biotechnology, viz. (i) Basic molecular biology; 
(ii) Microbial genetics; (iii) Recombinant DNA technology; (iv) Molecular immunology, immunogenetics 
and immunodiagnostics; (v) Molecular virology; (vi) Animal tissue culture, human hybridomas and 
cell-culture-based vaccines; (vii) Plant tissue culture; (viii) Genetic disorders and gene therapy; (ix) 
Animal biotechnology; (x) Aquaculture and marine biotechnology; (xi) Peptide and nucleic acid 
chemistry and applications; (xii) Protein and enzyme engineering; (xiii) Modern techniques in industrial 
microbiology and bioconversion; (xiv) Biochemical engineering, bioseparation, process optimization 
and computer modelling; (xv) Bioinformatics, and (xiv) Emerging areas. 

The applicant should possess a Ph D/MD degree in the area related to biotechnology, with a 
good record of research contributions in biotechnology. The candidates should hold a regular/permanent 
position in research institution/university and should be actively engaged in biotechnological R&D 
work. Applications from persons working on temporary positions such as research fellows or 
associates, etc. wiil not be considered. 


Details of the Award 

1) Two categories of Associateships, namely Long-term and Short-term Associateships are awarded. 

2) The Long-term Associateship is awarded for a period of one year only and it is not extendable. 
The Short-term Associateship is normally awarded for three months only. However, the Short-term 
Associateship may be awarded for a maximum period up to six months in cases where a longer 
duration is necessary and justified. Such proposals will be considered by the Department purely on 
the merit of the case and the decision of the Department will be final. 3) The Long-term Associates 
are entitled to (a) Monthly Associateship @ US$1500 or its equivalent in the country of study; 
(b) Personal Equipment Grant of Rs4000 (one time grant); (c) Cost of air passage in economy 
class by Air India for joining overseas laboratory and back. 4) The Short-term Associates are entitled 
to (a) Monthly Associateship @ US$1800 or its equivalent in the country of study; (b) Cost of air 
passage for joining overseas laboratory and back. 5) The selected candidates may receive the 
payment of salary and continuance of other service benefits by the institutions to which they belong. 
However, no liability on any of this account will be borne by DBT. 6) Selected candidates shall 
be required to execute a Service Bond to serve in India after return to India for a period of 1 to 
3 years depending upon the duration/category of the Associateship awarded. Candidates should 
submit their applications typed on plain paper (one copy) complete with enclosures in the format 
given below Through Proper Channel to the Sr Scientific Officer-1 (Attention: Mrs. Suchita Ninawe), 
Department of Biotechnology, Block-ll, 6th Floor, CGO Complex, Lodi Road, New Delhi 110 003 on 
or before 15 January 1998. 

Age limit 

(a) Long-term Associateship: not exceeding 40 years. 

(b) Short-term Associateship: not exceeding 50 years. 

Candidates should not have crossed the above prescribed age limit as on 15 January 1998-the 
last date for receipt of applications. The above prescribed age limits will not be relaxed. 
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Application for the Biotechnology Overseas Associateship (1997 98) 

1) Category of the Associateship applied for (Long-term or Short-term); 2) In the esse of Short-term 
Associateship only (a) Duration of the Associateship applied for, (b) Justification (in case the 
proposed duration exceeds three months); 3) Applicant’s name (irt full), Designation and address, 
4) Father’s/husband’s name (in full); 5) Date and place of birth and age (as on 15 January 1998); 
6) Academic qualifications (degree onwards with year, name of the institution, subjects of specialization 
and distinctions, if any); 7) Details of the nature and duration of the present and past ernployment; 
8) Particulars of current research work (not exceeding one page); 9) Research publications in 
indexed journals during the last five years (enclose a list; exclude presentations in seminars/symposia; 
attach reprints of three research papers which you consider the best); 10) Details of the proposed 
subject of research/training and its relevance to the priority areas identified by DBT and the plans 
and programmes of the parent institute (the proposal should be concise, the objectives should be 
clearly stated and it should not exceed two pages); 11) Proposed place of research/training (indicate 
whether the consent of the host institution has been obtained); 12) Details of past overseas visits 
(mention the country visited, purpose, year and duration); 13) Have you been previously selected 
for any Associateship award (National/Overseas) of DBT? If so, give details; 14) Particulars of R&D 
projects sanctioned by DBT (on going/completed), if any; 15) Priority area of the proposed 
research/training. 


Signature of the candidate 


Statement from the present employer 

As per the terms and conditions of the Associateship, the candidates selected for the awards should 
be granted deputation terms like payment of salary and continuation of other service benefits during 
the associateship by the employers. The employer’s statement should contain a certificate to this 
effect as also about continuity of employment after the associateship period. Applications which are 
fonwarded without the employer’s statement may not be considered. 


Note 

1) The candidates should correspond themselves with their proposed host institution abroad for 
placement; 2) Only applications sponsored by the employer and forwarded by the head of the 
institution/organization shall be considered for selection for the award of the associateships. The 
applicants are, therefore, advised to ensure that their applications Through Proper Channel should 
reach the Department on or before the closing date. 3) All the applicants will be informed 
the result of selection in due course and therefore, no interim queries in this regard will be 
attended to. __ 
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HOMI BHABHA CENTRE FOR SCIENCE 

EDUCATION 

% 

Tata Institute of Fundamental Research 
V.N. Purav Marg, Mankhurd, Mumbai 400 088 


ADV 2/97 November 1997 


VISITING FELLOWSHIPS AT HBCSE 

HBCSE is a National Centre of TIFR devoted to science and mathematics education 
up to introductory college level. The Centre is looking for highly competent and 
committed scientists and communicators to contribute to its programmes in the following 
broad areas of work. 

1. Mathematics and Physics Oiympiads 

HBCSE is poised to take a leading role in the country’s physics and mathematics 
olympiad programmes. We need Ph.D. in mathematics/physics (especially in experi¬ 
mental physics) with strong problem-solving ability in their subject who wish to devote 
themselves to the olympiad and allied activities. The job would involve developing 
challenging theoretical/experimental olympiad problems and training meritorious students 
at senior secondary level for the international olympiads. 

2. Chemistry Education and Bioiogy Education 

The Centre is currently developing quality laboratories in chemistry and biology up 
to introductory college level. The laboratories play a pivotal role in the Centre’s major 
programmes of teacher orientation and student nurture at that level. We need Ph.D. 
in chemical and biological sciences who combine subject competence (especially for 
laboratory development) with strong interest in education. 

3. Teacher Training in Schooi Science and Mathematics 

The Centre is involved round the year in organizing orientation courses for school 
teachers in science and mathematics. It has strong collaborative programmes with 
national networks of schools, especially that of the Atomic Energy Education Society. 
The Centre is planning to undertake training courses for teacher educators also. An 
important focus of HBCSE’s work is remedial education of under-performing students, 
particularly the socio-economically disadvantaged. We are looking for competent Ph.D. 
in mathematics/science/social or behavioural science, who are strongly inclined towards 
remedial teaching, low cost laboratory development, popularization of science and 
grassroots fieldwork. 
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4. Curricular and Expository Writing 

The Centre has an ambitious programme of expanding its current activity of bringirig 
out curricular, co-curricular and expository materials on science and mathematics in 
print and other media. We are looking for competent Ph.D. in mathematics/science/social 
or behavioural science, with strong interest in school curriculum development/popu¬ 
larization of science. A flair for writing in English or any Indian language is essential 
for this activity. Good familiarity with computer/audio-visual media will be an added 
advantage. 

5. Research in Cognitive Science 

The Centre carries out research on basic issues of learning and cognition, especially 
as they pertain to science and mathematics education. We are looking for eclectic 
intellectuals with Ph.D. in mathematics/science/social science (psychology, sociology, 
philosophy, linguistics, etc.) who can contribute substantially to this interdisciplinary 
area. These scientists will also be expected to contribute to one or more of the 
foregoing areas (1 to 4) of work. 

6. Visual Communication 

For bringing out its books, exhibitions and materials in different media, the Centre 
needs professional experts (Ph.D. or equivalent) in visual communicahon for design, 
layout and illustrations who would participate at all levels of development. Familiarity 
with computer and audio-visual media is desirable for this activity. 

Preferred age is below 35 years, relaxable for desen/ing candidates. Also, excep¬ 
tionally, the Centre may offer Visiting Fellowships to non-Ph.D.s particularly in areas 
(3), (4) and (6) above, if in its view the candidate’s qualifications and experience 
are equivalent and match the Centre’s requirements. 

Interested persons may apply on plain paper enclosing their biodata (including age, 
details of qualifications and relevant experience) and a brief (not more than a page) 
statement of purpose and plan of work at HBCSE. The area(s) of interest among 
the six broad areas indicated above should be specified. Applicants should also 
arrange to have two referees send confidential letters of assessment directly to 
Director, HBCSE (address below). 

Applications will be received any time during the year. They will be periodically 
screened and only short-listed candidates may be called for interview/seminar at 

HBCSE. ' . .u r ♦ 

Selected candidates will be offered Visiting Fellowship for one year in the first 

instance, extendable by one more year on satisfactory performance. The Fellowship 
carries an honorarium of Rs 5500/- (plus Rs 1000/- HRA in lieu of Institutes hostef 
accommodation), which may be raised to Rs 6000/- in the second year. At the end 
of the Fellowship, outstanding candidates may be considered for absorption in the 
regular academic cadre of HBCSE. 

Applications should be addressed to Dr Arvind Kumar, Director, Homi Bhabha 
Centre for Science Education, Tata Institute of Fundamental Research, V.N. Purav 
Marg, Near Anushaktinagar Bus Terminal, Mankhurd, Mumbai 400 088. E-mail; 
arvind@hbcse.tifr.res.in, Tel. No. 556 2132, 556 7711, 555 4712. 
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Short-term Training Course on 
Approaches for Improvement of Microbial Strains for 
Industrial Enzyme Production 

Date: 19 January to 11 February, 1998 
Place: Madurai 

The objective of the course is to provide training in the area of development of microbial strains 
for industrial enzyme production. The major part of the course will consists of laboratory work 
pertaining to screening and improvement of microbial strains and use them for enzyme production. 
The lectures will be delivered by the academic experts in the area of microbial technology and 
genetic engineering. 

Application prepared on plain paper giving details of address for communication including telephone/ 
fax/email, academic qualification, research experience, publication and the use of this course and 
forwarded by the employer/supervisor should reach: 

Professor P. Gunasekaran 
Department of Microbial Technology 
School of Biological Sciences 
Madurai Kamaraj University 
Madurai 625 021 
Tel: 0452-858209 
Fax: 0452-859139 
email: guna@pronet.xlweb.com 
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INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 
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in research in a field that will be of interest to readers outside 
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human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
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priate places to point to what follows, illustrations that will help 
a general reader, and references. 

Review articles (not exceeding 5000 words) are expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style. 
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results of fairly major significance. They should include an abstract 
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recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be considered. Reviews 
that merely ‘list’ brief descriptions of the contents cannot be 
pu|plished. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
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and amenable to indexing. Not more than five keywords should 
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not be phrases of several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text. All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines and technical terms 
should be defined. Tables and figures should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when absolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
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far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering. 
In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The correct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should be defined clearly in the legend. Primary 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 

References should be numbered in the order in which they appear, 
first through the text and then through table and figure legends. 
The following are examples of ways of writing references. 
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In this issue 


Iron Pillar 

The Indian heritage in metal¬ 
lurgy is a proud one. Zinc was 
extracted for the first time in the 
Zawar region in the 13th century 
AD, The brass objects of the 
MohenjoDaro Civilization have 
drawn wide appreciation. The 
bronze icons of the Chola King¬ 
dom were made by the lost wax 
process and are a testimony to 
the technology as much as the 
artistry of the Indian metallur¬ 
gist. But all these accomplish¬ 
ments are dwarfed by the 
achievements in Indian ferrous 
metallurgy in antiquity. 

The Wootz steel (the word 
Wootz is a corruption of the 
Kannada word ukku for steel) 
has been ranked as one of the 
four outstanding achievements of 
all of metallurgy in antiquity. 
Indeed the foundations for mod¬ 
ern materials science were laid 
by European scientists trying to 
unravel the properties of Wootz 
steel. The mastery of iron mak¬ 
ing reached its zenith in India 
some sixteen centuries ago with 
the erection of the Iron Pillar at 
Delhi. Towering to a height of 
over seven meters, the pillar 
weighs six tons. Its method of 
manufacture, the period of con¬ 
struction as well as the remark¬ 
able resistance to corrosion (iron 
is notorious for forming rust) 
have excited several scientific 
investigations. A recent book by 


T. R. Ariantharaman (see Curr. 
Sci., 1997, 73, 549 for a review 
of the book) has compiled the 
available information on the 
subject and offered definitive 
conclusions to many of the tan¬ 
talizing questions. Nevertheless, 
it has been clear that critical 
studies are called for to settle the 
questions concerning the iron 
pillar. R. Balasubramaniam 
brings fresh insights into this 
age-old problem. In this issue 
(page 1057) he examines the 
historical and dimensional evi¬ 
dence to demonstrate that the 
iron pillar has been in Delhi only 
for the last eight centuries and 
was brought to its present loca¬ 
tion from a Vishnu temple else¬ 
where in North India, possibly 
from Mathura. The article also 
addresses the problem of soil 
level corrosion. In earlier stud¬ 
ies, Balasubramaniam has traced 
the remarkable corrosion resis¬ 
tance of the pillar to the forma¬ 
tion of a passive film from the 
composite of iron and slag — a 
counterintuitive proposal as gen¬ 
erally heterogeneous microstruc¬ 
tures are more prone to 
corrosion. This renewed interest 
in Indian metallurgical heritage 
is a welcome development. 

S. Ranganathan 

Elusive power 

Electrical power has become 
an indispensable ingredient of 


everyday life. Power shut-downs 
plague most of our cities (with 
some notable exceptions) and in 
scientific laboratories elaborate 
(and expensive) arrangements, 
for standby power and line sta¬ 
bilizers, have become common¬ 
place. There is no denying the 
fact that enhanced power gen¬ 
eration must also be accompa¬ 
nied by strategies to cut 
transmission losses and minimize 
wastage. Generations of policy 
planners and strategists have 
stmggled with the increasingly 
difficult problems of the power 
sector, which occupies the centre 
stage in our economy. The tech¬ 
nological options in power gen¬ 
eration are limited. Y. K. Alagh, 
who currently heads the Ministry 
of Power (and coincidentally 
also presides over the Ministry 
of Science and Technology) ad¬ 
dresses the issue of fuel for 
power on page 1051. Having 
considered many available 
options, Alagh concludes that 
‘there is unfortunately not as 
much discussion on the options 
available to us and the policies 
required to make the best use of 
them, in our interest, as is neces¬ 
sary’. In the power sector, as in 
many others, the prolonged ab¬ 
sence of a political will to im¬ 
plement any sensible policy has 
been telling. 

P. Balaram 
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CORRESPONDEN CE 


Corolla tubes, style sizes and natural selection 


The experiments by Belavadi, 
Venkateshalu and Vivek (Curr. Sci,, 
1997, 73, 287-290) are very interesting. 
It is observed that honey-bees can draw 
the nectar from the corolla tubes of car¬ 
damom flowers to a greater depth than 
their tongue (proboscis) can reach. They 
also report from the controlled experi¬ 
ments that larger the diameter of the 
style in the corolla tube, larger is the 
reach of the honey bee proboscis. Some 
interesting suggestions have been made 
regarding the evolution of the styles and 
the corolla tubes. In the same issue, 
Ganeshaiah (Curr. Sci., 1997, 73, 225- 
227) wonders whether it is the con¬ 
straints that decide the biological de¬ 
signs. He emphasizes this point with a 
picture of the statue of Vishnu at the 
Somanathpur temple. This picture warns 
us against making hasty decisions often 
ignoring even the recognized facts. 

Based on the experiments where the 
bees suck sugar solution from the capil¬ 
lary tubes, it is argued that surface ten¬ 
sion forces help the bees to harvest the 
nectar to a greater depth. 

I would like to point out that in this 
arrangement either with the capillary or 
the actual corolla tube surface tension 
forces should be irrelevant, since the 
bottom end of the tube is closed. The 
level of the nectar in such a tube is 
decided by the liquid volume present, 
but not by the surface tension. Hence 


Figure 5 in this article is redundant. 
However, the interesting, though con¬ 
troversial, suggestions in this article 
should not get sidetracked by such an 
error. That is the purpose of this letter. 

The observation of Belavadi et aL 
still needs an explanation. How does a 
honey-bee slurp or scoop the highly 
viscous nectar to such a depth? A good 
starting point to answer this question 
would be to closely observe the bees 
themselves. 

M. D. Deshpande 

E-3, NAL Quarters, 

Kodihalli 

Bangalore 560 017, India 


Response: 

We are glad that Deshpande, a scientist 
from the National Aeronautical Labora¬ 
tories, got interested in our work. We 
regret the error we committed in at¬ 
tributing the ability of the bees to draw 
nectar from levels deeper than their 
tongues can reach, to surface tension 
forces. However, the fact remains that 
bees do draw nectar from greater depths 
from cardamom corolla tubes. Three 
things that we pointed out and that we 
would like to emphasize again are, 


(i) In the absence of a style, bees can 
harvest nectar/sugar solution only 
to the extent of their tongue 
lengths. 

(ii) From a capillary tube filled com¬ 
pletely with sugar solution, bee can 
draw the solution from well below 
the level its tongue can reach, but 
only in the presence of a style, and 
depending on the style thickness, 

(iii) From a capillary tube with sugar 
solution level deeper than the bee’s 
tongue length, the bee is still able 
to draw the solution up to a certain 
level determined by the style thick¬ 
ness. 

It is these observations that prompted 
us to wonder whether style has a role to 
play in the evolution of a pollinator- 
plant system. 

As far as the mechanism involved in 
the raise in the level of nectar is con¬ 
cerned, as Deshpande points out, if it is 
not surface tension, the question ‘How 
do they do it?’ remains unanswered. 


V. V. Belavadi 
H. R. Vivek 


Regional Research Station, 
University of Agricultural Sciences, 
Mudigere 577 132, India 
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Science Media Centre 


‘Need for a Science Media Centre’ 
(SMC) by Salwi makes interesting 
reading {Ciirr. Sci., 1997, 73, 721-722). 
In fact, this issue was published a few 
years back as a concluding remark in a 
write-up ‘Popularization of science is 
gaining popularity’ (Curr. Sci,, 1993, 
65, 441-442), as a follow-up of the 
initiative of the popular science wing of 
the Ministry of Science and Technol¬ 
ogy, the National Council for Science 
and Technology Communication. How¬ 
ever, nothing concrete has emerged so 
far. 

Interestingly, whatever Salwi has ex¬ 
pected from the proposed SMC, one 
finds a ready-made solution in the form 
of ongoing multiple science communi¬ 
cation initiatives {Curr. Sci., 1996, 71, 
813). In so far as meetings with the sci¬ 
entists are concerned, the Indian Sci¬ 
ence Writers’ Association (ISWA) has 
been convening such get-togethers on a 
regular basis for over a decade now. 
Excellent up-to-date publications such 
as Directory of R&D Institutions, R&D 
Statistics (both from the Department of 
Science &, Technology, New Delhi) and 
Year Books of various national science 
academies provide instant information 
on nationwide scientific establishments, 
on-going trends in science and technol¬ 
ogy and a brief profile of scientists of 
repute, respectively. Information needs, 
especially from the research journals are 
being looked after by CAPS-Contents, 


abstracts and Photocopy Service of the 
Indian National Scientific Documenta¬ 
tion Centre, New Delhi. For short-term 
courses/workshops in science communi¬ 
cation, one can always look for the an¬ 
nouncements of New Delhi-based 
Society for Information Science, ISWA 
and National Institute of Science Com¬ 
munication. 

Ideally, these scattered science media 
needs need to be provided urgently 
under a single campus of the much- 
awaited SMC. It is high time that a 
professional society like ISWA rather 
than an influential individual, be iden¬ 
tified as a nodal point for undertaking 
this important task. 

N. C. Jain 

B-183 Sura] Mai Vihar, 

Delhi 110 092, India 


This refers to the article ‘Need for a 
Science Media Centre’ by Dilip M. 
Salwi. Indeed this is a welcome sugges¬ 
tion and must be paid attention to. In 
the era of globalization, the whole 
world is fast becoming a village and the 
dividing boundaries are collapsing with 
every passing day. In doing so, science 
is playing the lasting role. The advances 
made in the information technology in 
the form of cellular phone, pager, fax, e- 


mail have drastically reduced the dis¬ 
tances between societies. Life is chang¬ 
ing very fast and science and technology 
are playing a pivotal role. A major part 
of population is illiterate and even lit¬ 
erate populace has a lot of biases, mis¬ 
conception and irrational thoughts about 
science. A common man has no access 
to any platform to know the facts of 
‘how and why’ in science. 

It is really surprising that in a country 
like India where 1000 million people 
live, the number of science journals can 
be counted on fingers. In print media 
the coverage received by science is very 
poor, rather negligible to say in certain 
periodicals. The communicators mostly 
have apathy for science news because 
most of them come from non-science 
backgrounds and they have no centre to 
approach for information. The science 
media centre can serve as a good plat¬ 
form for scientists. Communicators and 
media persons can assemble and have 
discussions. The centre will fulfil the 
long-felt need of science. Let us hope it 
will not get the fate of the much dis¬ 
cussed and publicised ‘National Science 
University’. 

K. K, Mishra 


Homi Bhabha Centre for Science Education, 
Tata Institute of Fundamental Research, 
Mumbai 400 088, India 


NEWS 


High pressure research* 

metal bonding, formations of dish-ends, 
coolant tubes in heat exchangers, etc. in 
the mechanical engineering domain. He 
cautioned that one should watch out for 
pressure transients and their role in ac¬ 
cident scenarios, especially in nuclear 
reactor systems that can affect container 
vessels and even the containment of the 
reactor itself. The equation of state of 


A well-attended meeting on high pres¬ 
sure physics and technology was held at 
Kalpakkam in September 1997. In his 

*This is a report on the Proceedings of the 
Fourth National Conference on High Pres¬ 
sure Science 8c Technology (IV NCHST) 
held at Indira Gandhi Centre for Atomic 
Research, Kalpakkam, 11-13 September 
1997. 


presidential address, S. B. Bhoje 
(Reactor Group, IGCAR) began his talk 
by drawing attention to how a few mil¬ 
libar fluctuation in atmospheric pressure 
can cause far-reaching effects like creat¬ 
ing a cyclonic weather, a phenomenon 
experienced periodically at Kalpakkam 
and neighbourhood. Then he proceeded 
to discuss the role of shock pressures in 
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alloys takes importance from the point 
of view of safety of such systems. 
Bhoje’s talk also focused attention on 
various techniques based on hi-pressure 
in civil and mechanical engineering like 
use of water jets for cutting - one can 
even visualize use of such jets for cut¬ 
ting large-scale structures like the Kaiga 
reactor dome which needs to be re¬ 
paired. Through these examples, Bhoje 
brought a freshness of approach to pres¬ 
sures which one comes across in many 
of these situations; sometimes they are 
static, sometimes they are transitory but 
by no stretch of imagination can these 
pressures be referred to as ‘hi’ pres¬ 
sures. Still, the applications in technol¬ 
ogy are truly impressive. In passing 
Bhoje also referred to the use of some 
of the computer codes developed for 
reactor safety under transient pressure 
excursion scenarios in relation to arma¬ 
ment applications. The conference was 
inaugurated by R. Srinivasan, presently 
at Raman Research Institute, Bangalore. 
His remarks dealt with the importance 
of high pressure studies of properties of 
condensed matter systems, other than 
the conventional studies of transport 
properties like resistivity; he empha¬ 
sized the need for measurements like 
those of specific heat or conductivity or 
of nuclear magnetic resonance under 
high pressure, because of the impor¬ 
tance of such studies vis-d-vis atomic 
and molecular dynamics in various sys¬ 
tems:. 

The papers presented in the confer¬ 
ence can be broadly classified as (a) 
theoretical approaches and computa¬ 
tions; (b) techniques and instrumenta¬ 
tion; (c) material studies. 

(a) Total energy computations of a 
variety of solids were dealt with in sev¬ 
eral invited talks: (i) on alkali hydrides 
by R. Ahuja (Uppsala University, 
Sweden) - The importance of these 
studies arises because of the interest in 
metallic hydrogen and also in what was 
referred to as ‘proton hydride’. Within 
the local density approximation, he has 
employed the full-potential linear- 
muffin-tin-orbital (LMTO) method for 
these studies. The structural phase 
transition pressures around the 
NaCl -> CsCl CrB structures derived 
from the computations are cross 
checked with available data in a few 
cases and based on the satisfactory na¬ 


ture of this agreement, predictions of 
phase transition pressures in other cases 
are also made. Particularly the predic¬ 
tion of a phase transition at 35 GPa in 
RbH is noteworthy as this pressure 
range is now accessible in our laborato¬ 
ries. However, it may be noted that 
comparisons of theoretical results of 
structures by Ahuja are confined to X- 
ray diffraction data; high pressure data 
in alkali deuterides may be important to 
be obtained by neutron diffraction 
studies, (ii) Two groups of workers from 
Anna University, Chennai and others 
had contributed a large number of pa¬ 
pers dealing with band structure calcu¬ 
lations of a variety of compounds using 
LMTO method under slightly different 
approximations. Essentially these stud¬ 
ies aimed at investigating phase stability 
of the compounds by computing the 
total energies of different structures for 
various values of cell volumes. Having 
located the phase transition pressures 
from one structure to another to corre¬ 
spond to minimum total energy, further 
parameters like lattice constants, bulk 
modulus, EOS, etc. were also deter¬ 
mined. The band structures were used to 
understand the nature of density of 
states vis-d-vis Fermi energy and elec¬ 
tron transfer, if any, as a function of 
pressure. During discussions, it was 
noted that there were many queries re¬ 
garding the validity of approximations 
made, criteria for relating to supercon¬ 
ductivity, etc; except in cases where the 
already-existing experimental data gave 
support to some conclusions, in other 
cases the situation regarding predict¬ 
ability seems to be far from satisfactory, 
(iii) The ab-initio approaches mentioned 
in the above paragraph deal with sys¬ 
tems containing say, 2 or 3 atoms/cell, 
at the most. However, they are not am- 
menable for studying more complex 
systems containing, say, 20 atom/cell or 
even 100 atom/cell in case of some min¬ 
erals. Phenomenological approaches 
seem to be the only way to deal with 
such situations. Therefore, in this con¬ 
text, S. L. Choplot’s (BARG) paper 
dealing with molecular dynamics of 
complex systems assumes significance. 
The phase diagrams and phase transi¬ 
tional nature of a variety of minerals of 
geophysical importance were discussed 
in his paper. This study brought to¬ 
gether and depended on the full power 
of neutron scattering on one side and 


lattice dynamical calculations on the 
other, and finally molecular dynamics 
using a powerful parallel processor at 
BARG. These phase diagrams have re¬ 
vealed the nature of high pressure and 
temperature phase transitions observ¬ 
able in in-sitii laser heated diamond 
anvil pressure chambers mounted on 
synchrotron diffraction facilities. These 
studies can, therefore, throw light on the 
nature of geophysical transition zones in 
the upper and lower mantles of the 
Earth. 

(b) In the field of ‘Instrumentation and 
techniques, methodology of calibration 
and experimentation’, there were papers 
that dealt with development of image 
plate reader (IGGAR), a micro-strip 
detector (IISc), a high pressure cell for 
neutron diffraction (BARG), design 
aspects of high pressure vessels 
(IGGAR), pressure standards (NPL), 
etc. These are important developments. 
However, there is a definite need for 
development of high pressure cell for 
neutron diffraction which can be used at 
high pressure to, say, 200 kbars, with 
variable temperature control from low 
(say, 100 K) to high (say 800 K) ranges. 
The Paris-Edinburgh cell being used at 
Rutherford Appleton Laboratory rou¬ 
tinely allows users to explore pressure 
ranges up to 200 kbar for neutron dif¬ 
fraction. The high pressure community 
in India must design and develop a suit¬ 
able cell for meeting our own needs at 
Dhruva reactor. 

Three papers dealt with dynamic 
pressure generation: (i) via high mag¬ 
netic field generation by discharging 
high capacity capacitor banks. Anurag 
Shyam (BARG) presented the details of 
development of magnetic field-driven 
shock wave system, the electronic gun 
and the rail gun. These facilities give 
access to very high pressures of the 
order of a few megabars on small sam¬ 
ples or can impact targets by projectiles 
travelling at a few km/s. In the opinion 
of R. Srinivasan, even the high magnetic 
fields generated in the discharge of ca¬ 
pacitor banks would be of interest as an 
experimental environment. Anurag 
Shyam also drew attention to the high- 
velocity massive projectiles that can be 
generated using the rail gun facility 
which is of importance for defence ap¬ 
plications. 
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(ii) The talk by Lalitha J. Dhareswar 
(BARC) on generation of laser¬ 
generated shock waves in BARC had 
many salient features: a 10 Giga Watt 
power Nd : glass laser (1 J/100 ps) has 
been operating to generate focused laser 
intensities in the range of 10^^ to 
10^^ W/cm“. This laser facility has been 
provided with diagnostic techniques 
involving optical shadowgraphy, optical 
interferometry, an optical streak camera 
and a velocity interferometer. Several 
experiments have also been performed. 
The most important development as a 
result of this intensive effort is the gen¬ 
eration of uniform planar shocks (using 
X-rays from the laser-produced plasma 
in the ablated region of the target) of 
about 100 kbar/4 mm^. 

(iii) K. D. Joshi (BARC) on the effect of 
shock loading said that the dynamic 
pressure ~ 30 GPa can be generated in 
the BARC-developed gas technique. It 
is observed that the grain size plays a 
major role on the onset of the amorphi- 
zation in Ca(OH )2 and Ni(OH) 2 . 

Among the techniques discussed, 
there were two papers from the NAL 
group (T. G. Ramesh et al.) on AC 
specific heat and AC resistivity and 
thermoelectric power measurements; 
these techniques are shown to be ex¬ 
tremely sensitive compared to conven¬ 
tional, say, resistivity measurements. 
These techniques are extremely power¬ 
ful for high pressure measurements, as 
they help in identifying the transition 
pressures unequivocally. For instance, 
using AC resistivity technique a direct 
evidence for a commensurate to incom¬ 
mensurate transition in Cr-Mn system 
has been provided. 

(c) In the group falling under the cate¬ 
gory of ‘Materials studies’, I shall en¬ 
deavour to draw attention to a few 
selected presentations owing to the large 
variety of experiments and results pre¬ 
sented and lack of personal ability to be 
able to summarize all of them, (i) High 
pressure group at IGCAR has set up a 
world class instrumentation on high 
pressure X-ray diffraction in that the 
DAC has been coupled to the Guinier 
diffractometer. The system offers a truly 
monochromatic and focused X-ray 
beam. The team has been working on 
the pressure-induced behaviour of 


f-electron based systems. Because of the 
chemical reactivity and nuclear radioac¬ 
tivity, performing the experiments re¬ 
quires added safety regulations. N. V. 
Chandra Shekar described the current 
work done on actinide and lanthanide- 
based aluminides. The results on ThAl 2 
and CeAl 2 are particularly interesting as 
both of them exhibit isostructural elec¬ 
tronic transitions. By ab initio 
TBLMTO electronic structure calcula¬ 
tion, the iso-structural transition in 
CeAl 2 is identified to be a Lifshitz 
transition. Chandra Shekar also talked 
about the development work that the 
IGCAR group has undertaken about the 
laser-heated diamond anvil cell to gen¬ 
erate the high pressure, high tempera¬ 
ture conditions simultaneously enabling 
them to carry out EOS studies on nu¬ 
clear materials. 

(ii) Anil Kumar (IISc)’s talk on ‘Critical 
points’ dealt with very many subtle as¬ 
pects of a host of critical points and 
phenomena one comes across in liquid 
mixtures, magnetic systems and so on. 
The lucidly-presented talk began with 
temperature vs. concentration diagram 
showing a critical point and thereafter 
dealt with double critical points and 
spinodal decomposition. The nature of 
critical exponents, universality of the 
critical phenomena in a variety of sys¬ 
tems like liquid mixtures, liquid crystals 
and 2D systems and nature of multicriti- 
cal points were discussed. He high¬ 
lighted the experimental difficulties 
involved in reaching close to the critical 
point either temperature-wise or in 
terms of other variable parameters that 
control the approach to criticality. As an 
example he dealt with the case of addi¬ 
tion of D 2 O to a liquid-mixture in de¬ 
lineating its critical properties. 
Application of pressure has the same 
function as addition of D 2 O. Then he 
dealt with separating or opening a loop 
in the phase diagram by application of 
pressure which can also be accom¬ 
plished by addition of ‘a pinch of salt’. 
Finally he referred to the non¬ 
monotonic cross-over phenomena re¬ 
cently observed by his group experimen¬ 
tally. 

(iii) The two talks related to laser 
Raman spectrocopy of materials under 
high pressures were by S. K. Deb 
(BARC) on porous silicon to examine 


photoluminescence behaviour and by 
A. K. Arora (IGCAR) on pressure- 
induced amorphization of a variety of 
materials. Deb discussed the role of 
particle size on Raman line shapes and 
the importance of taking into account 
the behaviour of phonon dispersion 
relation as a function of pressure, espe¬ 
cially when one is handling nano-size 
particles as may occur in porous silicon. 
Arora dealt with pressure-induced 
amorphization that is found to occur in 
a variety of systems. He dealt with the 
nature of metastability and disorder in 
this process and discussed how Raman 
spectroscopy and X-ray diffraction 
techniques can be used for detailed in¬ 
vestigations of this interacting phe¬ 
nomenon. 

(iv) There was a plethora of interesting 
talks on a variety of topics dealing with 
the use of high pressure as a tool to 
study materials like: glasses by A, 
Srinivasan (IIT-Guwahati), fullerenes by 
Y. Hariharan (IGCAR), liquid crystals 
by S. Krishna Prasad (CLCR), synthesis 
and sintering of ceramics by S. K. 
Bhaumik (National Aerospace Labora¬ 
tories) and so on. 

There have been other highlights in 
this conference: (i) the evening lecture 
by G. Srinivasan (RRI) on ‘Journey to 
the center of a neutron star’ was a 
scintillating talk given by a hard core 
solid state physicist cum astrophysicist. 
He could rationalize information de¬ 
rived from radioastronomy with theories 
of evolution of neutron stars involving 
ordered ^^’Fe crystal on the crust going 
into superfluid and superconducting 
nuclear sea in the interior. He brought 
in concepts of general relativity, quan¬ 
tum mechanics and condensed matter 
physics. The range of pressures he was 
referring to was of the order of 10^^ bars 
or so, a ‘colossal-super-ultra-hi- 
pressure’ situation. I cannot easily 
forget the reference he made to the en¬ 
tanglement of two types of supercon¬ 
ductivity-related vortex-lines which get 
pinned to the crust of the neutron star, 
how on release of internal energy, the 
crustal plates get cracking and get torn 
apart along with the vortex-lines. He 
gave analogy to breaking up of concrete 
slab through which embedded steel rods 
can get torn apart. It was an enriching 
lecture, enjoyable because one could see 
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concepts of solid state physics in action 
to unravel mysteries of astronomical 
objects. 

(ii) The organizers had conducted a 
‘session on diamonds’ late in the even¬ 
ing preceding dinner on the beaches of 
Mamallapuram. The session was com¬ 
pered by Govinda Raj an and included a 
brief talk by Michael Bonke of Aditi 
Diamonds (P) Ltd of Pondicherry and 
Germany. Bonke discussed various as¬ 
pects of choice of proper diamonds for 
high pressure diamond anvil cell (DAC) 
processes involved in cleaving along 
required planes, cuts on diamond, 
checking the perfect parallelism be¬ 
tween the culet and the table of the dia¬ 
mond anvil, etc. His team from 
Pondicherry had put together several 
tools for demonstration of cutting, pol- 


1997 Nobel Prize for 
infectious particles 

The term ‘prion’ was introduced in 
1982 by Stanley B. Prusiner of the Uni¬ 
versity of California (San Francisco), 
who has been awarded the 1997 Nobel 
Prize for Medicine. Earlier, he also won 
the prestigious Lasker Award in 1994. 
The term ‘prion’ was used by him to 
characterize the proteinaceous infec¬ 
tious particles causing a variety of 
mammalian n euro degenerative diseases 
which are generally fatal and are re¬ 
ferred to as transmissible spongiform 
encephalopathies (TSEs)^ These dis¬ 
eases included scrapie in sheep and CJD 
(Creutzfeldt-Jakob Disease), FFI (fatal 
familial insomnia), GSS (Gerstmann- 
Straussler—Scheinker disease) and kuru 
in humans. Kuru is a fatal disease, 
which occurred among cannabilistic 
tribals of Papua New Guinea. Aberrant 
infectious proteins are also believed to 
cause the ‘mad cow disease’ or ‘bovine 
spongiform encephalopathy’ (BSE) in 
cattle, which in 1996 created a panic in 
Britain following reports of human 
cases that were suspected to be caused 
due to eating BSE-tainted beef. Two 


ishing, etc. Aditi Diamonds have been 
providing specially prepared and charac¬ 
terized diamonds for the DAC based on 
the technology developed at IGCAR. 
The DAC is available for sale. This 
session, I must say, was a rather unusual 
one, the type of which one does not 
come across in conferences. The audi¬ 
ence participation in the question- 
answer session was quite good and in¬ 
formative. 

(iii) Another important highlight of this 
conference was inclusion of nearly a 
dozen papers dealing with mineral sci¬ 
ence, geophysics, geochemistry and 
planetary sciences in the proceedings. 
These papers covered a variety of topics 
wherein high pressure plays an impor¬ 
tant role in various phenomena: behav¬ 
iour of chromium as a fluorescing 


element, variation of coordination of 
silicon, phase transformation of miner¬ 
als, high pressure and high temperature 
metamorphization of various types of 
rocks, etc. Facilities available for syn¬ 
thesis of minerals at Mysore University 
had been made use of in preparing many 
synthetic minerals with and without 
H 2 O. This effort of the organizers to 
bring together geologists and solid state 
physicists is commendable as such, 
inter-disciplinary approaches provide an 
opportunity for appreciating each 
other’s points of view and promote col¬ 
laboration to further studies in mineral 
physics, Earth’s structure and planetary 
sciences. 


K. R. Rao, ‘Gokula’ 29/2, 11th Cross, 
3rd Main, Malleswaram, Bangalore 
560 003, India 


RESEARCH NEWS 

Medicine: Prions as proteinaceous 


prion-like determinants {[PSI], 
[URE3]} have also been described in 
yeast. 

Despite being infectious, prions differ 
from viruses, viroids, virusoides or 
satellite RNAs and retroviruses in hav¬ 
ing no nucleic acid components whatso¬ 
ever (viruses have their own DNA/RNA 
and proteins; viroids are RNA mole¬ 
cules not encapsidated; virusoids are 
nucleic acid molecules encapsulated by 
protein coat derived from other viruses, 
and the retroviruses carry cellular onco¬ 
genes). The absence of nucleic acids 
and presence of only proteins in these 
infectious particles were initially 
proved, when it was observed that UV 
and ionizing radiations (which damage 
nucleic acids) did not cause any loss of 
infectivity^, while treatments involving 
modification or hydrolysis of proteins 
caused loss of infectivity^. Prion-like 
elements of yeast are also discussed as 
cases of ‘protein conformation-based 
inheritance’, thus challenging the para¬ 
digm that nucleic acids are the sole he¬ 
reditary determinants in all living 


organisms. However, there are workers, 
who still believe that some undiscov¬ 
ered viruses and/or nucleic acids may be 
associated with the above prion diseases 
and the prion-like elements of yeast. 

Earlier in 1994 and more recently, in 
1997 (see ref. 15), experiments have 
been reported, where a change in one 
protein due to another protein has been 
successfully achieved in the test tube, 
thus giving further strong support to the 
‘prion hypothesis’. However, it could 
not be proved beyond any doubt, that 
prion proteins can cause these diseases 
without another ‘helper’ molecule (e.g. 
a lipid molecule, a sulphated gly- 
cosaminoglycan, or a chaperone pro¬ 
tein). Such a final proof would actually 
require designing of an experiment in¬ 
volving the following steps: (i) in vitro 
synthesis of prion protein under condi¬ 
tions guaranteed to be free of viral nu¬ 
cleic acid; (ii) change of the protein 
synthesized in vitro, into its ‘rogue 
state’, and (iii) the ability of this modi¬ 
fied ‘rogue state’ of protein to cause 
disease on infection. Although success 
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for the first two steps of this exercise 
has been achieved in recent experi¬ 
ments, there is no successful attempt yet 
to demonstrate the step (iii). In view of 
this, it is inferred by many that although 
there is strong support in favour, and no 
evidence against the prion hypothesis, 
the final positive evidence in favour of 
prion hypothesis is still lacking. Since 
the idea inherent in prion hypothesis 
attacks the very basis of genetics and 
molecular biology, its final acceptance 
is viewed with very high level of skep¬ 
ticism and scrutiny. The present status 
of research in this area is briefly sum¬ 
marized in this article. 

Prion’s protease-resistant 
protein (PrP) 

The prion protein is designated as PrP 
(protease-resistant protein). Since the 
protease-resistant core of PrP has a 
molecular weight of 27-30 kDa, it is 
also known as PrP 27-30 (ref. 4). PrP 
occurs both in the normal and the in¬ 
fected hamsters. Therefore, it cannot be 
the causal agent for the disease. This 
PrP can actually exist as one of the two 
chemically indistinguishable isomers, 
PrP*^ and PrP^'^. PrP^ has been shown to 
be a part of a larger protein PrP^*^ with a 
molecular weight of 33-35 kDa 
(superscript Sc stands for protein caus¬ 
ing scrapie), which causes infection^ 
PrP^ is a subset of PrP, which is prote¬ 
ase-sensitive and works as a substrate 
for PrP^^^, the essential component of the 
infectious prion particle. Physically, 
PrP^'^ differs from PrP*^ by its insolubil¬ 
ity in detergents and its relative resis¬ 
tance to proteolysis*^. While PrP^ is rich 
in a helices, PrP^^ is rich in sheets^ 
(Figure 1). Further, unlike PrP^, PrP^^^ 
tends to form insoluble aggregates and 
fibrils in brain cells (Figure 2). It is also 
known that the different strains of pri¬ 
ons differ in incubation period and pro¬ 
tease cleavage pattern, which are 
reproducible and represent different 
stable conformations of the PrP 
polypeptide^. 

It has been shown that PrP^'^ is pro¬ 
duced slowly through a post- 
translational process in contrast to PrP^ 
which is synthesized due to information 
encoded in a nuclear gene, and degraded 
rapidly. Both these isoforms (PrP®^ and 
PrP^) appear to pass through Golgi ap- 



Figure 1. Proposed structures of the 
two alternative forms of PrP protein, 
showing differences in the contents of a- 
helix and p-sheets (modified from refer¬ 
ence 12). 



Figure 2. Prion cycle showing PrP®''- 
induced conversion of PrP" into PrP®" 
and its aggregation in brain ceils causing 
the disease (modified from reference 
13). 

paratus, where their Asn-linked oligo¬ 
saccharides are modified and sialylated. 
PrP*^ destined to become PrP^*^ is trans¬ 
ported through secretory vesicles to the 
external cell surface where it is an¬ 
chored by a glycosyl phosphatidyl 
inositol (GPI) moiety. It returns from 
the cell surface to the cell interior 
through caveolae to form PrP^^ which 
accumulates within brain cells in cyto¬ 
plasmic vesicles, many of which appear 
as secondary lysosomes^. 

Genetics of prion diseases 

The prion diseases have also been 
shown to be hereditary, since the pro¬ 


tein PrP has been shown to be encoded 
in the gene Pm-P located on chromo¬ 
some 20 in humans and chromosome 2 
in mouse^^^’^^ Several prion diseases are 
actually caused due to mutations in the 
PrP gene (Pm-P). The following are 
examples of some of these mutations; (i) 
an insertion of 144 bp containing six 
octarepeats at codon 53 caused CJD; (ii) 
substitution of a proline (P) for leucine 
(L) at codon 102 caused GSS; (iii) fol¬ 
lowing point mutations in Pm-P also 
caused CJD: aspartic acid 

(D) -> asparagine (N) substitution at 
codon 178; glutamate (E) -> leucine (K) 
substitution at codon . 200; valine 
(V) -> isoleucine (1) substitution at 
codon 210. Prion diseases were also 
caused by point mutations at codons 
105, 117, 145, 180, 198, 217 and 232. 
Transgenic mice-carrying Pr-P mutant 
genes were also shown to develop the 
disease, confirming that mutations can 
cause these diseases^^\ The PrP gene 
(Pm-P) in Syrian hamster has two ex¬ 
ons, while that of mouse has three ex¬ 
ons. However, the open reading frame 
(ORF) of all the known PrP genes is 
present in a single exon in each case, so 
that PrP^^^ cannot result due to alterna¬ 
tive RNA splicing, but should only re¬ 
sult due to post-translational 
modification of PrP^. 

Genetic nature of prion diseases was 
also demonstrated by using transgenic 
mice carrying Pm-P from Syrian 
Hamster (SHaPrP) and also by ablation 
of the Pm-P in mice (Pm-P^^^^). In both 
these cases, it was shown that, when 
injected with prion protein, the synthe¬ 
sis of prion is species-specific or trans¬ 
gene-specific, thus further confirming 
that these diseases have a genetic con¬ 
trol (for review, see ref. 1). 

Propagation of prions 

Since there is no evidence available for 
the presence of scrapie-specific nucleic 
acid, and since proteins are incapable of 
undergoing self-replication, alternative 
mechanisms for prion propagation have 
been proposed. It has been shown that 
post-translational conversion of PrP^ 
(encoded in gene, Pm-P) into PrP^'^ is 
obligatory for development of prion 
disease. This conversion can be 
achieved in one of the following ways 
(Figure 3)^^: (i) PrP^*^ combines with 
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terminal (a^ PrP® Is changed (b) polmyerization of 
to PrP®® by PrP®® due to 

contact with PrP®' PrP^*^ seed 


Figure 3. Two models for the propaga¬ 
tion of PrP®“ causing prion diseases 
In mammals (modified from reference 
12 ). 

PrP^ to give PrP^-PrP^^^ complex which 
changes to PrP^‘''-PrP^‘^; the two mole¬ 
cules of PrP^‘'' in this homodimer sepa¬ 
rate and form two heterodimers (PrP^- 
PrP^0> which again change to two 
molecules of homodimers (PrP^'^-PrP^'^), 
thus forming four molecules of PrP^'^ 
and so on; (ii) In the presence of PrP^^^, 
a part of PrP*^ changes to PrP^‘^ seeds 
through conformational change from a- 
helices to ^-sheets, which then polymer¬ 
izes. It is also believed that the PrP^ 
molecule occasionally flips into PrP^*^, 
even in the absence of PrP^^. This im¬ 
plies that the presence of PrP^ is neces¬ 
sary for development of TSEs. In vitro 
systems have also been recently devel¬ 
oped, which can induce PrP^ to acquire 
PrP^*^ characteristics (see later for de¬ 
tails). 

‘Knockout’ mice lacking PrP^ 

In 1993, a team led by Charles Weis- 
mann and Adriano Aguzzi, both of the 
University of Zurich in Switzerland, 
produced what they described as 
‘knockout’ mice lacking gene, Prn-P. 
They found that these mice did not get 
sick when injected with scrapie protein. 


Subsequently, in 1996, they reported 
that they had grafted neurons, which 
made Prp, into brains of these knockout 
mice lacking the gene, Prn^P. When 
these mice were infected with scrapie, 
the grafted tissue became degenerated, 
and the rest of the brain remained 
healthy. In still another set of transgenic 
mice engineered to make varying levels 
of PrP^, it was observed that the mice 
making more PrP^ got sick faster, when 
inoculated with scrapie (for a review see 
ref. 12). 

[PSI] and [URE3] as prion-like 
determinants in yeast 

In yeast, the two prion-like determi- 
nants^^’^"^, [PSI] and [URE3], were first 
identified some 25 to 30 years ago. The 
[PSI] determinant is the protein Sup35p, 
which causes t-RNA-mediated suppres¬ 
sion of nonsense codons (proof reading) 
and is encoded by the gene, SUP35 
(also called SUP2 by some workers). 
Similarly, [URE3] determinant is the 
protein Ure2P, which is a regulator of 
nitrogen metabolism, and is encoded by 
the gene, URE2. While [PSI] is assayed 
in the laboratory by the efficiency of 
t-RNA-mediated suppression of non¬ 
sense codons in auxotrophs ade 2-1 and 
his-5-2, [URE3] is characterized by its 
ability to take up uredosuccinate even in 
the presence of good nitrogen source 
(e.g. ammonia or glutamate). [PSU] is 
genetically dominant over [psi], because 
diploids . derived from the cross 
[PSU] X [psi"] are [PSU]. Further, all 
the products of meiosis are [PSU] sug¬ 
gesting cytoplasmic inheritance. Dele¬ 
tions for this gene are lethal, suggesting 
that the gene encodes a protein perform¬ 
ing a vital function, but point mutations 
give [PSU] phenotype. Sup35p has also 
been shown to be evenly distributed in 
[psi"], but clumped together in [PSU]. 
This protein has also been shown to be 
eRF3, a subunit of release factor eRF. 
Similarly, [URE3] is dominant over 
[ure3] and is cytoplasmically inherited 
like [PSU]. Unlike the gene SUP35, 
deletions for URE2 are not lethal, but 
are unable to maintain the [URE3] de¬ 
terminant Ure2P. The protein Ure2P 
inhibits positive transcription regulator 
encoded by the GLN3 gene, thereby 
preventing expression of genes needed 
for utilizing poor nitrogen sources. 


Evidence has become available during 
the last three years which suggested that 
Sup35p and Ure2p are prion-like pro¬ 
teins. Despite best efforts, association of 
these two yeast determinants with nu¬ 
cleic acids (e.g,, mtDNA, 2}iDNA 
plasmids and viruses) could not be 
shown, so that the inheritance of these 
determinants was consistent with prion¬ 
like mechanisms. Although no amino 
acid similarity exists either between 
Sup35p and Ure2p or between these two 
proteins and the PrPs, the N-terminal 
regions (which determine prion-like 
properties) of these two proteins re¬ 
semble PrPs in the following two fea¬ 
tures: (i) They have an unusual amino 
acid composition leading to high degree 
of flexibility in assuming secondary 
structures, (ii) PrP and Sup35P (but not 
Ure2p) both have short peptide repeats 
in the N-terminal regions. Therefore it 
was recognized that these two proteins 
can be used to elucidate the molecular 
mechanisms underlying protein confor¬ 
mation-based inheritance. This was 
particularly true, because yeast provides 
a much simpler and easy-to-manipulate 
system for detailed studies using classi¬ 
cal as well as molecular strategies. 

Following unusual genetic attributes 
of the above two traits in yeast have 
been attributed to protein conformation- 
based inheritance: (i) Both states of 
each of the two determinants {(e.g. 
[PSU] and [psP] in case of [PSI]} are 
metastable, changing into one another, 
albeit at a low frequency, (ii) The domi¬ 
nant states can be cured by growing 
cells in the presence of compounds, 
which do not induce gene mutations, but 
bring about denaturation of proteins. 
For instance, 5 mM GuHCl (guanidine 
hydrochloride) causes 100% conversion 
of [PSU] cells into [psP] cells within 7- 
8 generations of growth. It is possible 
that GuHCl induces expression of a 
protein chaperone involved in the in¬ 
heritance of yeast prions, (iii) A tran¬ 
sient overexpression of Sup35 and 
Ure2p genes increases the appearance of 
[PSP] and [URE3] states respectively, 
which can later be maintained even in 
the absence of such overexpression. 
However, the propagation of these states 
depends on the presence of wild type 
genes {SUP35, URE2), which unlike 
PrP encoding gene (Prn-P), encode 
proteins of known function. The func¬ 
tional element, however, can be sepa- 
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rated from prion-determining element 
located at the N-terminus of the protein. 
Deletion of this N-terminus (like dele¬ 
tion of PrP gene), leads to irreversible 
curing of [PSI*^] and [URE3], thus 
eliminating their susceptibility to the 
prion. In contrast to the above, a tran¬ 
sient overexpression of a chaperone 
protein (e.g. Hspl04) converts a cell 
from [PST] to [psi"], a conversion 
which is also heritable, (iv) Mutant 
forms of SUP35 and URE2 genes can 
give [PSr] and [URE3] phenotypes, but 
unlike mutant forms, these are inherited 
in a normal Mendelian manner. 

Molecular chaperones and 
prions 

It has been suggested that the conver¬ 
sion of PrP^ to PrP^*'* might require one 
or more trans-SLCting molecular chaper¬ 
ones. The following observations sug¬ 
gested such an involvement of 
molecular chaperones in mammalian 
prion diseases: (i) In scrapie-infected 
cultured cells, inducibility and distribu¬ 
tion of heat shock proteins undergo 
changes; (ii) In transgenic mice, devel¬ 
opment of prion disease may involve a 
second factor, designated as protein X. 

Evidence for the involvement of a 
chaperone in yeast’s prion-like elements 
is even stronger, as evident from the 
fact that the appearance of [PST] phe¬ 
notype is facilitated quite efficiently by 
Hspl04 (a protein of chaperonin fam¬ 
ily), and less efficiently by Hsp70, Ab¬ 
sence and overexpression of Hspl04, 
however, lead to disappearance of 
[PSr] state. This implies that a precise 
level of Hspl04 is needed to induce 
[PSr] state. Even a transient overex¬ 
pression of Hspl04 is sufficient to cure 
cells of [PSIT, so that once induced, 
such cured cells maintain their [psi"] 
phenotype, even when transferred back 
to non-inducing medium containing no 
Hspl04. It is thus interesting to note 
that, while transient overexpression of 
the Sup35p protein converts a cell from 
[psi"] to [PS^], transient overexpres¬ 
sion of a chaperone protein (e.g., 
Hspl04) can convert a cell from [PSI”^] 
to [psi“]. According to one model, 
Hspl04 is assumed to facilitate the for¬ 
mation of [PSr] prion family of Sup35p 
protein from newly-synthesized Sup35p 
(eRF3) molecules, through the produc- 



Figure 4. A hypothetical model showing 
the role of Hsp104 in conversion of 
yeasfs Sup35 protein from normal [psH 
state to the [PSP] state causing the prion 
phenotype (modified from reference 13). 

tion of an intermediate transition state 
(Figure 4). 

Hspl04, though dispensable for nor¬ 
mal growth, is crucial for survival after 
exposure to extreme protein denaturing 
stresses, such as high temperature or 
high concentration of ethanol. It is be¬ 
lieved that the chaperone does not pre¬ 
vent stress-induced denaturation of 
proteins, but actually allows reactiva¬ 
tion of the proteins, when cells are re¬ 
turned to normal condition. This 
attribute of chaperone fits well with the 
prion model. Susan Lindquist of the 
University of Chicago, in collaboration 
with Stanley Prusiner and B. Caughey, 
was reported to be conducting experi¬ 
ments, where she had plans to introduce 
the gene for PrP*^ into yeast cells and 
then manipulate yeast’s chaperone’s 
level to study the role of chaperones in 
changing protein conformation leading 
to acquisition of prion characteristics^^. 

Prion-like process in test tube 

In 1994, B. Caughey (now at Hamilton, 
Montana, USA), while earlier working 
with P. Lansbury at Harvard, reported 
that they mixed purified PrP^^^ with 
normal PrP^ in a test tube, and could 
successfully obtain new PrP^*^ mole¬ 
cules. However, several questions were 
raised about these experiments (see ref. 
12 for a review). More recently, in July 
1997, Ter-Avanesyan and his co¬ 
workers from the Institute of Experi¬ 
mental Cardiology in Moscow reported 
results of more convincing experiments, 
where in the test tube a purified protein 
could cause changes in other protein 
molecules, so as to convert them into 
aggregates of proteins like those seen in 


the yeast cells affected by [PSI] or 
[URE3] (refs. 14, 15). This has been 
compared with the processes, by which 
prions are believed to cause diseases in 
mammals. They combined cell extracts 
from normal [psi] cells in which Sup35 
is soluble, with cell extracts from [PSU] 
cells in which Sup35 is insoluble. The 
mixture was spun in a centrifuge to 
separate the soluble and insoluble pro¬ 
teins. It was shown that within two 
hours, all soluble proteins became in¬ 
soluble and clumped together to form an 
insoluble pellet. A piece of this newly- 
formed pellet was also shown to convert 
a fresh solution of normal Sup35 into an 
insoluble pellet again. Even when only 
the fragments carrying the sticky ends of 
Sup35 were used, clumping was caused. 

In May 1997, Susan L. Lindquist 
from Chicago also reported that Sup35, 
produced in genetically-engineered E. 
coliy could spontaneously form long 
fibrils (like those found in the brains of 
CJD patients and BSE-infected cows). 
In a freshly-prepared solution, these 
fibrils were capable of quickly convert¬ 
ing normal proteins into new fibrils 
The formation of such fibrils in test 
tubes could also be induced by just the 
sticky ends of Sup35. These fibrils were 
also shown to contain p-sheets. How¬ 
ever none of these purified altered forms 
of prion like-proteins could be shown to 
cause the [PST^] trait. 

Conclusions 

The above discussion shows the power 
and the significance of the prion hy¬ 
pothesis, which is likely to change our 
basic concepts in the field of genetics 
and molecular biology. Significant ad¬ 
vances in this area have been made 
through in vitro experiments conducted 
and reported during 1997 (ref. 15). 
However, as pointed out earlier, a cru¬ 
cial experiment is yet to be conducted, 
where a purified protein modified in 
vitro, is shown to cause a prion disease 
on infection. Once it is done, we will 
have to believe in ‘protein conforma¬ 
tion-based inheritance’, in addition to 
all pervading ‘nucleic-acid based inheri¬ 
tance’. This will also provide a basis for 
development of new drugs for the prion 
diseases. The yeast model systems dis¬ 
cussed in this article will be extensively 
used in future for further advancement 
of our understanding in this area. 
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OPINION 

Decade of the brain: Reflections on some Indian concerns in 
cognitive neuroscience* 


T. Ramakrishna 

'Of all the wonders nothing is more 
wonderful than man, who has learned 
the arts of speech, of windswift thought, 
and of living in neighbourliness.’ 

- Sophocles 

Brain, the organ of reason: The 
early search and the outcome 

Nearly two hundred years of search for 
a physiological basis of behaviour more 
precisely for the organ of reason which 
was thought to be the heart by Aristotle, 
ended in the hippocratic proclamation*, 
‘And men should know that from noth¬ 
ing else but from the brain come joys, 
delight, laughter and jests and sorrows 
and griefs, despondency and lamenta¬ 
tions and by this in an especial manner, 
we acquire wisdom and knowledge and 
see and hear and know what are foul 
and what are fair, what sweet and what 
unsavoury... and by the same organ we 
become mad and delirious and fears and 
terrors assail us, some by night and 
some by day, and dreams and untimely 
wanderings, and cares that are not suit- 


*This article is based on the lecture, 
‘Hemispheric Mechanisms of Language Proc¬ 
essing’ delivered at the Institute of Nuclear 
Medicine and Allied Sciences (INMAS), De¬ 
fence Research and Development Organiza¬ 
tion, New Delhi on 4 June 1997. 


able and ignorance of present circum¬ 
stances and unskilfulness. All these 
things we endure from the brain, when it 
is not healthy, but is more hot, more 
cold, more moist or more dry than natu¬ 
ral, or when it suffers any other preter¬ 
natural and unusual affliction.’ 

Since then biological disciplines have 
made remarkable progress towards un¬ 
derstanding the structure and function 
of human brain and the mechanisms 
which underlie behaviour. However as 
Seymour Kety^ wrote, ‘... but in the area 
of information, content, and experience, 
stored as it is in the complex interrele- 
tionships of 13 billion neurons, biology 
is extremely pretentious if it thinks that 
it can unravel them by means of its 
tools. There will no doubt be a biochemis¬ 
try or a biophysics of memory - but not of 
memories’ (emphasis mine). It is signifi¬ 
cant that nearly three decades later, Sci¬ 
ence, the journal which published 
Kety’s article brought out a special is¬ 
sue on cognitive neuroscience^ dealing 
with the question: How do we think? 

The decade of the brain: Ad¬ 
vances in cognitive neuroscience 

It is also significant that the American 
senate declared that this decade will be 


a decade of the brain, giving the neces¬ 
sary impetus and thrust to researches 
towards understanding the human brain. 
Several other countries followed this 
example. The number of interrelated 
disciplines engaged in understanding 
the mechanisms underlying normal and 
abnormal mental processing are numer¬ 
ous and include anatomic and computer 
studies of neural circuits, animal and 
human lesion studies, neurophysiology, 
neuroimaging, neuropharmacology and 
experimental cognitive psychology. 
While the approaches to understanding 
schizophrenia and Alzheimer’s disease 
as a dysfunction of specific cognitive 
systems may lead to amelioration of 
disease, understanding the normal 
working memory and consciousness will 
bring numerous rewards because of its 
relevance to our daily lives in terms of 
language as a means of communication, 
memory and planning. The intensity and 
the excitement of such recent global 
endeavours in brain research are palpable. 
As a result of these efforts, it is becoming 
clear that the processing of information 
that leads to complex behaviours such 
as learning and memory involves mul¬ 
tiple brain regions that must operate in 
an interactive synchrony. 

The advent of two spectacular tech¬ 
niques namely, measured brain activity 
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indexed by regional cerebral blood flow 
(rCBF) and functional magnetic reso¬ 
nance imaging (fMRI), in recent times 
are enabling researchers to examine the 
responses of distributed brain networks 
while an individual is performing a task. 
Three very significant articles, based on 
either one of these techniques or both 
appeared during 1995-97 (refs 4-6). 
Fink et in their analysis of the per¬ 
ceptual world which is organized hier¬ 
archically (the forest consisting of trees 
and the trees consisting of leaves) dis¬ 
covered that when the visual attention is 
directed towards the overall picture 
(global form), the right prestriate cortex 
was activated. On the other hand, when 
the visual attention is directed to the 
focal details of a scene (local compo¬ 
nents), the left prestriate cortex was 
activated. The findings provide direct 
evidence for hemispheric specialization 
in global and local perception in normal 
subjects. In this experiment Fink and his 
colleagues used letter-based hierarchical 
stimuli. However when they used^ ob¬ 
ject-based hierarchical stimuli, the 
hemispheric specialization was re¬ 
versed, There was now greater right¬ 
sided activation for local processing and 
greater left-sided activation for global 
processing, which is the opposite of that 
seen with letter-based stimuli. This is 
quite in agreement with the celebrated 
discovery of lateralization of hemi¬ 
spheric mechanisms for language and 
object processing in the split brain pa¬ 
tients by Roger Sperry^. Shaywitz et 
aL's work^ is far more significant in that 
they succeeded in isolating specific 
components of language and in relating 
these language processes to distinct 
patterns of functional organization in 
brains of neurologically normal indi¬ 
viduals. Using functional magnetic 
resonance imaging, during orthographic 
(letter recognition), phonological 
(rhyme judgment) and semantic 
(content) tasks, they showed that the 
inferior frontal gyrus (IFG, roughly 
encompassing Brodmann’s areas 44/45), 
is uniquely associated with phonologi¬ 
cal processing on rhyme judgments. 
What is remarkable is that, in females 
there is significantly greater activation 
of IFG in the right hemisphere. Thus 
they have demonstrated remarkable dif¬ 
ferences in the functional organization 
of a specific component of language, 
phonological processing between nor¬ 


mal males and females. More significant 
is their concluding remark, ‘Further 
studies designed to examine either gen¬ 
der differences in language function or 
the neural mechanisms related to lan¬ 
guage, for example should be specific 
for the component of language assessed 
and determined in both males and fe¬ 
males’. 

India’s intellectual, linguistic 
and literary traditions: The 
science of mind 

The quest for truth as a tradition rather 
than an avocation has been the hallmark 
of India’s ancient civilization. So also 
the pursuit of beauty and knowledge has 
been the hub of its literary and artistic 
traditions. While several ancient San¬ 
skrit texts can be alluded to as proof of 
these statements, suffice it to ponder 
over the following, written in one such 
ancient text, Tripura Rahasya (The 
mystery beyond the trinity)^: ‘Just as the 
cognizer, cognition and the cognized are 
identified with mind in dream, so also 
the seer, the sight and the phenomena 
are identical with the mind in the 
wakeful state,’ The entire text is a dis¬ 
course on the nature of self and its 
brain, consciousness and intelligence, 
perception and memory. While the ap¬ 
proach in these texts may be philo¬ 
sophical, some of the conclusions 
arrived at seem valid scientifically. This 
kind of intuitive knowledge about 
mind/brain was given in modern times 
by Aurobindo when he stated in 1910 
(ref. 9) (five decades before Roger 
Sperry came up with much the same 
knowledge gained through his ingenu¬ 
ous experiments on split brain patients), 
‘The intellect is an organ composed of 
several groups of functions, divisible 
into two important classes, the functions 
and faculties of the right hand, the 
functions and faculties of the left. The 
faculties of the right hand are compre¬ 
hensive, creative and synthetic, the 
faculties of the left hand critical and 
analytic ... The left limits itself to ascer¬ 
tained truth, the right grasps that which 
is still elusive or unascertained. Both 
are essential to the completeness of the 
human reason. The important functions 
of the machine have all to be raised to 
their highest and finest working power. 


if the education of the child is not to be 
imperfect and one sided’. 

As for the linguistic and literary 
richness, it is well known that the effec¬ 
tiveness of Sanskrit as a medium of 
communication is being rediscovered 
with the advent of computational ma¬ 
chines and the all-important software to 
be fed into these ‘artificial brains’. 
Some of the other Indian languages 
have close affinity with Sanskrit and 
draw heavily upon its grammar and id¬ 
iom. One such language is Telugu, spo¬ 
ken in Andhra Pradesh in South India. 
There is a tradition in this language, 
called Ashtavadhanam^^^'^\ wherein a 
poet engages eight questioners 
(Pruchakas) simultaneously, and recites 
extempore, poems to the metrical order, 
prescribed by the questioners. (I am not 
aware if such tradition exists in other 
languages.) The poet who performs this 
task is called Ashtavadhani. There are 
others who can engage one hundred 
questioners at a time and these poets are 
called Sathavadhanis. Basically what an 
Ashtavadhani does during this public 
performance involves letter processing 
(composing a poem to the desired met¬ 
rical order), phonological processing 
(rhyme is also prescribed), and semantic 
processing. While one questioner for¬ 
bids the usage of a letter likely to be 
used by the poet (Nishidhakshari), an¬ 
other questioner prescribes that a par¬ 
ticular letter must be used at a particular 
position, in a line such as 13th letter in 
the first line, 16th in the second and so 
on in a poem of four lines 
(Nyasthakshari). While the poet is en¬ 
gaged in these tasks, a third questioner 
makes an attempt to distract the atten¬ 
tion of the poet by indulging in, 
‘eulogizing the irrelevant’ (Aprasthutha 
prasangam), to which the poet is ex¬ 
pected to respond/react through a pleas¬ 
ant repartee! One other questioner 
prescribes that a given sum be distrib¬ 
uted into sixteen squares in such a way 
that the addition of individual figures 
through columns, rows or diagonally 
must yield the same given sum 
{Chitraganithamu). While all other 
tasks involve linguistic skill and mem¬ 
ory, this particular task involves spatial 
memory. What this means is that the 
poet is able to put different regions of 
the brain both in the left as well as the 
right cerebral hemispheres to rapid use 
for formulation as well as retention 
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much beyond the capacity of an average 
individual 

The agenda in focus 

It is easy to dismiss this exercise as that 
of a special group endowed with special 
talents. In reality however, this is not 
true. While undoubtedly any such task 
requires some training of the mind, 
there is apparently nothing extraordi¬ 
nary about it, as seems to be the case 
with a prodigy(ies). Nor is the ability 
confined to the language teachers. 
Though not many in number, there are 
Ashtavadhanis of very young age such 
as 10-15 years. I was informed that 
there are nearly 35 Ashtavadhanis in the 
state of Andhra Pradesh. I am emphasiz¬ 
ing the fact that Ashtavadhanam seems 
to fall within the realm of normal men¬ 
tal abilities without remotely attempting 
to discount the erudition and the aplomb 
with which an Ashtavadhani keeps an¬ 
swering the Pruchakas, merely to point 
out that raising the brain/mind’s poten¬ 
tial to a higher level through training 
and sustained application seems possi¬ 
ble. 

What is important is to discover 
through such techniques as fMRI, how 
the poet’s brain handles the information 
flow, builds up on it, retains and recalls 
what is built anew in his mind/brain in 
the form of poems. Will the lateraliza¬ 
tion of hemispheric functions show up 
while he engages in orthographic, pho¬ 
nological and semantic processing? Will 
there be gender-based differences? What 
kind of training does the mind/brain 
require to accomplish such an intellec¬ 
tual feat? Answers to these questions 
will surely find their utility in our day- 
to-day mundane world. Can India ad¬ 
dress these questions before the decade 
of the brain comes to a close in the year 
2000 (ref. 13)? 
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UCLA Educator, 1975, 17, 24-32. 

10. One such performance lasting two and a 
half hours by Ashtavadhani, Vidwan 
Kota Rajasekhar, was videographed by 
me on 8 April 1997. The performance 
was given before the general public and 
invited audience at Kavali, a coastal 
town in Andhra Pradesh. I thank the 
Rotary Club of Kavali which sponsored 
this programme and the poet for per¬ 
mission to videofilm the event. 

11. ‘Towards understanding the components 
of cognitive neuroscience in Ashtavad¬ 
hanam’. Invited lecture delivered at the 
second congress of The Federation of 
Indian Physiological Societies, SV Uni¬ 
versity, Tirupati during 15-17 Septem¬ 
ber 1997. Certain theoretical 
propositions were made regarding hemi¬ 
spheric mechanisms involved in the per¬ 
formance of Ashtavadhanam. While the 
poet composes a poem, essentially he 
maps the chosen letter strings on to 
phonological representations within a 
given metrical order. Will the left infe¬ 
rior frontal regions be activated pre¬ 
dominantly during this process? When 
he switches to the task of completing 
the Chithraganitham involving spatial 
memory, will there be greater right¬ 
sided activation of prestriate cortex or 
left-sided activation? The answer to this 
latter question depends on whether there 
is predominant local processing (paying 
greater attention to the individual num¬ 
ber in each square) involving right¬ 
sided activation or predominant global 
processing (paying greater attention to 
all the sixteen squares as a whole) in¬ 
volving left-sided activation. The task 
of Ashtavadhani, thus offers exciting 
challenge and opportunity to try and 


discover how lateralization of hemi¬ 
spheric mechanisms/functions mediates 
orthographic, phonological and spatial 
memory so efficiently and with such 
rapidity! 

12. The other four questioners deal with 
Dathapadi. (Poem to be composed us¬ 
ing four words and a theme of the ques¬ 
tioner’s choice.); Varaganithamii (The 
day on which any particular date of the 
questioner’s choice within the past 100 
years falls is to be given by the poet.); 
Ashukavitha (Poem to be composed on 
any given topic to the desired metrical 
order); Samasyapuranam (Problem 
solving - composing a meaningful poem 
using a given problem phrase such as 
for e.g. ‘A boulder walked with its 
feet’). 

13. It is heartening to note that the Depart¬ 
ment of Biotechnology, Government of 
India announced the establishment of a 
National Brain Research Centre, at New 
Delhi, while the proof of this article was 
being read. 
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Gas hydrates: A global perspective 

N. K. Thakur and T. Gangadhara Rao 

The ever-increasing demand of fossil fuel resources and depletion of global energy reserves have 
necessitated looking for possible alternative source. An alternative energy source that has caught 
much attention during the recent times is the gas hydrates. 


Gas hydrates, also called gas clathrates, are natural- 
occurring solids belonging to a special category of in¬ 
clusion compounds, in which a molecule of chemical 
component gets trapped inside a host molecule of an¬ 
other component^ Gas hydrates are ice-like structures in 
which the methane gas molecules are caged in the lattice 
voids of water molecules. The maximum amount of 
methane that can be trapped depends on the geometry, 
i.e. free space available in the lattice of water mole¬ 
cules^. In a fully saturated structure, 1 m^ of gas hydrate 
can contain up to 164 m^ of methane at'standard pres¬ 
sure and temperature conditions (Figure 1). The gas hy¬ 
drates in shallow reservoirs, less than about 1.5 km 
depth, have more methane per unit volume than the free 
gas contained in the same space. In nature, other gases 
such as ethane, carbon dioxide, etc. are also trapped in 
the water molecules. However, these are not of much 
importance as a substitute to natural gas. 

The chemistry of gas hydrates was discovered in the 
early 19th century, when in 1810 Sir Humphrey Davy 
found that ice-like crystals were formed when the aque¬ 
ous solution was cooled^. Hydrates became a nuisance in 
the 1930s and 1940s when they were found to be formed 
in the gas pipelines obstructing the flow of gas. How¬ 
ever, the interest in gas hydrates has increased steadily 
since about 1969, when gas hydrate deposits were first 
discovered in the Soviet Union"^. Most methane in the 
gas hydrates is of microbial origin formed by decom¬ 
position of living organisms, though some thermogenic 
forms (thermocatalytic cracking of more complex com¬ 
pounds) have also been observed. 

High pressure and low temperature are required for 
the formation of gas hydrates. This requirement restricts 
their natural occurrence to deep ocean bottom sediments 
and areas of permafrost. Gas hydrates actually occur in 
less than 10% of the total ocean area, because they are 
generally restricted to the slopes and rises of the outer 
continental margins where the water depth exceeds 
300 m (ref. 5). Sub-aquatic gas hydrates are also found 
in the polar continental shelf sediments associated with 
relict permafrost below depths of about 100 m. 

The authors are at the National Geophysical Research Institute, 
Hyderabad 500 007, India. 
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Compilation of world-wide gas hydrate occurrences 
was first undertaken by Kvenvolden and McMenamin^. 
The world-wide distribution of gas hydrate occurrences, 
based on the geophysical, geochemical and geological 
information, is presented in Figure 2. The most signifi¬ 
cant factor controlling hydrate accumulation appears to 
be rate of sedimentation. Areas of rapid hemipelagic 
times are favourable for the accumulation of consider¬ 
able amount of organic detritics and preserve them from 
oxidation at the sea floor by rapid burial so that it is 
converted into abundant methane by the bacteria within 
the sediments^. 

P-T conditions 

The influence of pressure, temperature and composition 
on the stability of hydrate phase is illustrated in Figure 
3. In the pressure-temperature domain, the stability 
position of hydrate phase is not only determined by the 
mixture of methane and other gases but also by associ¬ 
ated ionic impurities. Since the exact composition of gas 
and water is not known, a system of pure methane and 
pure water is commonly assumed to estimate the depth 
and temperature, where naturally-occurring gas hydrates 
are stable^. The hydrothermal and geothermal informa¬ 
tion coupled with phase boundary information suggests 
that the upper limit for depth to gas hydrate formation is 
of the order of 100 m in the continental polar regions, 
where the surface temperature is below 0°C. In the 



1m’ 164 m’ O-Sm’ 

Gat Hydrate Gas Water 

Figure 1. Volume expansion of gas hydrate moiecuie'*'. 
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Figure 2. Global distribution of gas hydrate occurrences. 



Figure 3. P-T phase diagram for gas hydrate stability'^. 


oceanic sediments, gas hydrates are stable when the 
bottom temperature approaches 0°C and the water depth 
exceeds 300 m. The lower limit of the hydrate stability 
is determined by geothermal gradient. Though this limit 
is normally much less, the maximum lower limit may 
sometimes go to as much as 2000 m below the ocean 
bottom depending upon the local conditions. Thus the 
occurrence of gas hydrates is restricted to shallow 
geosphere. One feature of gas hydrate occurrence that is 
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not apparent from phase diagram is the amount of meth¬ 
ane that is required for gas hydrate formation. Gas hy¬ 
drates will form with about 90% of the cages of the 
clathrate filled, i.e. 150 parts of methane at standard 
temperature and pressure (STP) per unit volume of wa- 
ter\ As methane solubility in sea water is very low, 
about 0.045 parts of methane at STP per unit volume of 
water®, the amount of methane required for the forma¬ 
tion of gas hydrate greatly exceeds the solubility of 
methane in water. The large amount of free methane 
required for gas hydrate formation limits the occurrence 
of gas hydrate to regions of methane abundance. 

Exploration 

Seismic reflection technique is the most important tool 
for locating gas hydrate zones. Hydrates have very 
strong effect on the acoustic reflection because of high 
acoustic velocity (3.3 km/s), since the cementation of 
grains by hydrate produces a high velocity deposit. 
Sediments below the hydrate cemented zone, if saturated 
with water, will have low velocities. If gas is trapped in 
these sediments, the velocity of the layer will be still 
lower. Because the strength of the reflected signal is 
proportional to the change in acoustic impedance (the 
product of velocity and density), the base of hydrate 
cemented zone produces strong reflections. The reflect¬ 
ing horizon almost mimics the sea-floor and hence is 
called Bottom Simulating Reflector (BSR). 

The velocity configuration produces characteristic re¬ 
duction in amplitude in the reflection above the hydrate 
base. It is attributed to the homogenization of sediment 
velocity above the BSRs. The degree to which the am¬ 
plitudes are diminished depends on the amount of gas 
hydrates present. The zone above the BSR is devoid of 
any strong reflecting horizon and is termed as Blanking 
Zone. 

The third manifestation in the BSR reflection charac¬ 
teristics is the polarity reversal of the wavelet. The 
abrupt change in the velocity pattern from high velocity 
zone associated with gas hydrate to low velocity water 
saturated or gas-filled sediments just below the BSR 
produces a reversal in the polarity. 

There are several diagenetic and chemical boundaries 
in the marine sediments, some of them producing 
changes in velocity and density. They may also produce 
seismic reflection signals identical to BSR. To distin¬ 
guish between the two categories of BSRs, constraints 
from pressure-temperature at the sea floor and geother¬ 
mal gradient can be utilized. 

As the thermal gradient is fairly constant over the 
continental rise, regions and gas hydrates become stable 
at high temperature with increase of pressure, one would 
expect simple pattern in which the BSR would become 
uniformly deeper with the increase in water depth^. 
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Figure 4. Typical seismic section indicating prominent BSR over 
Blake Ridge region^. 

The three manifestations of hydrates in the sea-floor 
sediments mentioned above (BSR, Blanking Zone and 
Polarity Reversal) have been used to . recognize gas 
hydrates in seismic profiles across US Atlantic mar- 
gins5>io-i2 fjYiQ BSR and polarity reversal are related to 
the bottom boundary of the hydrate zone. The blanking 
effect, however, occurs across the hydrate cemented 
zone and can be quantified to estimate the amount of gas 
hydrate present above the BSRs^^. The most prominent 
and well-documented evidence for gas hydrates in US 
Atlantic margin are the Hudson Canyon at Lower Rise 
Hills^"^ (deep waters > 5000 m), Blake Ridge (Figure 4) 
and Carolina. The other prominent areas that have been 
investigated for gas hydrates, include the Gulf of Mex¬ 
ico and Nankai Trough in Japan. 

It has been observed that most of the BSRs are de¬ 
tected at depths shallower than predicted from phase 
diagram. It may mean that either they have migrated 
above or they are the relicts of an earlier temperature- 
pressure regime, perhaps of Pleistocene age^^. 

Quantification of hydrate reserves 

The thickness of the hydrated zone and the amount of 
hydrates present in the hydrate sediments are difficult to 
be evaluated from the processed seismic section. This 
requires modern tools like seismic waveform inversion 
and modelling. It is also difficult to differentiate from 
the processed seismic section whether the BSR is under¬ 
lain by Tree gas’ or water-saturated sediments. Singh et 
al}^ have demonstrated that application of a waveform 
inversion technique could provide the necessary con¬ 
straint in estimating the thickness of the zones above 
and beneath the BSR by determining the velocity struc¬ 
ture across a BSR. There is thus the need to carry out 
waveform inversion on the seismic data in a routine 
manner before launching any drilling programme. 

The total volume of methane contained in oceanic hy¬ 
drated sediments can be estimated only after detailed 
geophysical surveys. The factors controlling these esti¬ 
mates are: thickness and aerial extent of the hydrated 
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sediments, sediment porosity, concentration of methane 
hydrate in the sediment pores and volumetric gas ex¬ 
pansion factor of methane hydrate to methane upon de¬ 
composition. While it is believed that gas hydrates could 
possibly represent the largest fossil fuel reserve glob¬ 
ally, there is a general agreement that quantification of 
methane in gas hydrate and the free gas underlying it is 
poorly constrained. However, the pressurized core 
samples over the Blake Ridge have brightened the pros¬ 
pects of gas hydrates and the estimated gas hydrate de¬ 
posits exceed very much from what is estimated from 
seismic data analysis^^. 

The encouraging results from Blake Ridge have 
opened up new vistas to consider gas hydrates as a po¬ 
tential alternative source of energy for future. Several 
countries like Mexico, Japan and India have recently 
launched national projects for the exploration of gas 
hydrates. With the initial indications of the presence of 
BSRs and Blanking Zones on some of the existing off¬ 
shore seismic reflection profiles, there seems to be a 
significant promise for the gas hydrate exploration along 
the continental margins of these regions. 
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Fuel for power* 

Yoginder K. Alagh 

Of late, cases of black-outs and brown-outs are becoming increasingly frequent. In view of this, 
power calls for special attention. India needs to produce cost-effective and sustainable energy for 
its millions of farmers, workers and households. 


India is passing through a critical phase. Economic 
growth of the country is picking up. The Seventh Five- 
Year-Plan saw the economy grow at a rate of about 
5.7%. During the Eighth Five-Year Plan, the perform¬ 
ance was even better and the growth rate of the economy 
registered a high of 6.5%. During the Ninth Plan, the 
Planning Commission has set a target of 7%. However, 
in order to maintain growth at this impressive rate and to 
increase it further we need dependable and efficient in¬ 
frastructural support. Power calls for special attention, 
particularly in view of the fact that of late the growth in 
power supply capacities has not been keeping pace with 
demand and cases of black-outs and brown-outs are be¬ 
coming increasingly frequent. The growth rate of de¬ 
mand for power in developing countries is generally 
higher than that of GDP. The elasticity of demand tends 
to come down as the economy grows. In India, the ratio 
which was as high as 3.06 in the First Five-Year Plan, 
peaked at 5.11 during the Third Five-Year Plan and re¬ 
duced to 1.65 from 1980-81 to 1992-93. For the com¬ 
ing decade, a ratio of 1.5 is projected. Considering the 
targeted GDP growth rate of over 7%, an average 
growth rate of nearly 10 to 11% would be required for 
the power sector. In terms of capacity, it would imply an 
incremental capacity addition rate of nearly 10,000 MW 
per annum. 

Electricity is a secondary form of energy. For elec¬ 
tricity generation, primary energy resources such as 
hydro-electric potential, different forms of fossil fuels, 
fissile materials, renewable and non-conventional energy 
resources, etc. are needed. Of different modes of power 
generation, fuel as primary source is required only in the 
cases of thermal and nuclear generation. In hydro- 


*This article is based on a lecture delivered under the aeges of the 
Lovraj Kumar Memorial Trust. 

Yoginder K. Alagh is the Minister of State for Power and Science & 
Technology, Government of India, Technology Bhavan, New Me- 
hrauli Road, New Delhi 110 016, India. 


electric power generation, the source of primary energy 
is the high kinetic and potential energies of the water 
head while for power to be generated from the non- 
conventional sources such as wind energy, solar energy, 
geothermal tidal energy, etc. it is the energy potential of 
the respective source that is converted into electricity 
through appropriate conversion technology. For thermal 
power generation, different technologies are available to 
exploit the energy content of different forms of fossil 
fuels ranging from conventional boiler and steam turbine 
combination to technologically more advanced fluidized 
bed boilers. The gas turbine technology, to primary 
handle the liquid and gaseous.fuels, also ranges from the 
simple gas turbines to more complicated integrated 
combined cycle gas turbine plants (ICCGTs). In the 
same way, depending on the available fissile material, 
suitable technologies are available for power generation. 
Fuel is essential for power. 

India has almost all types of primary sources of en¬ 
ergy, though available in varying quantities and at dif¬ 
ferent locations. Therefore our generation mix 
comprises of power generation from almost all possible 
modes. Because of the inherent operation and long-term 
economic advantages, hydro-electric power generation 
assumes special importance. As a result, the planners in 
the country, till the mid sixties, accorded very high pri¬ 
ority to this mode of power generation. This resulted in 
a generation mix, till the mid sixties, decisively in fa¬ 
vour of hydel power. However, hydel power generation 
also has its shortcomings in terms of environmental and 
rehabilitation implications coupled with huge capital 
requirements, long gestation periods elongated further 
by the natural and geological surprises, etc. The relative 
ease with which thermal plants could be set up in much 
shorter time, with relatively low investments and the 
pressing need to add quick capacities to generate large 
quantities of power brought upon a paradigm shift in the 
power planning in the country with far-reaching impli¬ 
cations. India was lucky to have a Fuel Policy Commit- 
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tee Report in the early seventies, coinciding with the 
first energy crisis. The Committee lamented excessive 
reliance on petroleum as energy source and built up the 
case for pit head super thermal power plants based on 
coal. Today, the generation mix has got distorted to the 
extent that the hydel share in the total power generation 
in the country is reduced to only about 25% of the total 
generation in the country. This has not only resulted in 
extremely poor exploitation of the available hydro¬ 
electric potential in the country - about 20% of the 
available potential has either been developed or being 
developed - it has also resulted in sub-optimal utiliza¬ 
tion of available thermal power generation capacity. 
Increased dependence on thermal power generation, 
which requires some kind of primary energy for conver¬ 
sion into electricity, has also resulted in a phenomenal 
increase in the demand for fuel for power generation 
and the associated transportation infrastructure. India 
is endowed with a wide variety of energy resources 
(Table 1). 

The hydel resources available in the country are ca¬ 
pable of generating 600 TWh of electricity. This consti¬ 
tutes about 6% of the total hydro-electric potential 
available in the world. A substantial portion of the 
available hydel potential in the country is located in the 
ecologically-sensitive regions of Himalayas. There are 
many environmental concerns that are presently being 
voiced against the large hydro-electric projects being 
undertaken, specially in such areas. Coal and lignite 
reserves in the country also are substantial and they 
constitute about 6% of the total known coal reserves of 
the world. Indian coal is largely of low sulphur content 
but, with its high ash content, its calorific value is very 
low. Superior grades of coal are also available in the 
country but they are in limited quantities. Exploitation 
of the coal deposits available either in these seams or at 
large depths possess a technological challenge in the 
future years. Related to this is the possibility of extract¬ 
ing coal-bed methane in some regions. This is an un¬ 
chartered area in the country. Also gas hydrates in the 
ocean bed to which we are now turning. The established 


Table 1. Energy resources in India 


Resource 

Unit 

Potential 

Hydro-electric 

MW 


Conventional 


84,000 (at 60% load factor) 

Pumped storage 


93,920 

Micro 


5000 

Coal 

Bln. MT 

186 

Lignite 

Bln. MT 

26 

Crude oil 

MMT 

728 

Natural gas 

BM^ 

686 

Uranium 

MWe 

10,000 

Biomass 

MWe 

6000 

Non-conventional 

MWe 

20,000 
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oil and gas resources are largely available in the off¬ 
shore areas of the country but at the present production 
levels these reserves may not last more than two to three 
decades. At present they constitute less than 1% of the 
total hydrocarbon reserves of the world. There are no 
immediate indications of discovering giant hydrocarbon 
fields that can significantly boost up the oil and gas pro¬ 
duction in the country. 

Even though India has sizeable energy resources in 
terms of coal, lignite, hydro-electric and nuclear energy, 
the process of development of these resources is fraught 
with major technological and environmental problems. 
On the other hand, with its large and steadily-increasing 
population and the urgent need to step up the per-capita 
energy availability to reasonable levels, the energy re¬ 
quirements of the country are going to increase rapidly. 
Since the domestic energy resources, particularly hydro¬ 
carbons, are not that abundant as to be sufficient to sus¬ 
tain the rapidly-increasing level of demand for energy in 
the economy, the country may have to depend on energy 
imports in the long run. Vijay Kelkar has been arguing 
very convincingly that a suitable trade is an efficient 
instrument of overcoming this constraint. To an extent, 
the country may be in a position to minimize its depend¬ 
ence on imports and ensure energy security by enhanc¬ 
ing the levels of efficiency of use of energy and the 
overall energy intensity of the economy. 

It has been estimated by the Central Electricity 
Authority that to meet the projected demand for power 
in the country, the coal-based power generation would 
need to be about 435 billion units at the end of the IX 
Plan period. Accordingly the coal requirement works out 
to over 350 million tonnes. Similarly, for the X Plan, it 
is estimated that in the terminal year total coal-based 
power generation would be about 615 billion units re¬ 
quiring around 500 million tonnes of coal. Table 2 
clarifies the position. 

During the year 1996-97, the availability of coal for 
power generation was about 94% of the projected re¬ 
quirement. With an increase in coal demand during the 
IX and X Plan periods by 63% and 43% respectively, 
there would be greater need for rapid development of 
coal mines. In the past, after nationalization, the coal 
industry was able to augment coal supply to the power 
sector by about 50 million tonnes every five years. 
However, to meet the projected thermal power genera- 


Table 2. Coal-based capacity, generation and requirement 


Year 

Coal-based 
capacity (MW) 

Coal-based 

generation 

(BUs) 

Coal 

requirement 
(Million tonnes) 

1995-96 

50,923 

260 

195 

1996-97 

53,323 

280 

215 

2001-02 

81,068 

435 

350 

2006-J-07 

111,068 

615 

500 
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tion targets, the incremental supply of coal to the power 
sector, every five years, is likely to be in the range of 
150 million tonnes. With the projected increase in coal 
demand during the IX and X Plan periods, there would 
be greater need for rapid development of coal mines 
requiring the indigenous coal industry to plan for pro¬ 
duction of this order of coal and the creation of coal 
haulage capacity by the railways, and through coastal 
routes, keeping in view the massive additional volumes 
that would have to be transported across the length and 
breadth of the country. 

Electricity is the most convenient of all forms of 
commercial energy. Against its many unique advantages, 
it however, suffers from at least two serious shortcom¬ 
ings. Firstly, it is one of the most expensive forms of 
commercial energy, both in terms of capital and operat¬ 
ing costs and second, being a secondary source of en¬ 
ergy, its generation has environmental, ecological, 
social and economic implications for the exploitation of 
primary energy sources such as coal, petroleum, water 
and fissile materials. The challenge thus facing us, is 
how best to go about developing this vitally important 
but expensive energy source in relation to primary 
sources so that the larger objective of higher generation 
compatible with the coal and environmental objectives 
is achieved. Central to this problem is the adoption of an 
energy strategy for future that can fuel economic growth 
and yet do so at relatively lower financial and environ¬ 
mental costs. 

It is in this context that today’s decision makers are 
faced with many critical decisions. The need for an op¬ 
timal energy mix is only one of the decisions that has to 
be made, but nevertheless an extremely important one. 
The growing dependability on electricity as the source 
of energy has greatly increased the public awareness of 
our energy problems and has caused them to demand 
solutions that provide not only the cheap but also safe 
and secure supply of electricity. Opinions on which form 
of an energy source should be given precedence over 
others to produce electricity vary, but all tend to agree 
that a quantum jump in the installed capacity in short, 
medium as well as long run is urgently required to avoid 
an energy crisis. As we improve the running of our 
power plants, energy production will pick up. Energy 
production growth in June and July this year over the 
corresponding months last year has crossed 8% after 29 
months and the Power Ministry is confident that its 
short-term measures will keep up the performance. En¬ 
ergy and peaking deficits have declined marginally in 
July, although the situation is still bad. But as genera¬ 
tion growth keeps up, people will very correctly expect 
better performance in distribution and will turn to ques¬ 
tions of costs, reliability and supply. 

The cost of generation, at the national level, in hydel 
and thermal sector at the beginning of 8th Plan and in 
the year 1995-96 is given in Table 3. 

CURRENT SCIENCE, VOL. 73, NO. 12, 25 DECEMBER 1997 


Table 3. 

Generation costs in hydel and thermal sectors 


At the beginning 
of the 8 th Plan 

In the year 

1995-96 

Hydro power 
stations 

Thermal power 
stations 

Varied from 10 P/kWh 
to 69 P/kWh 

Varied from 56 P/kWh 
tol90P/kWh 

Varied from 19 P/kWh 
to 115 P/kWh 

Varied from 79 P/kWh 
to 288 P/kWh 

Table 4. Nuclear power station supply rate 

Nuclear 

power 

station 

Existing rate 
(paise/kWh) 
effective from 

Proposed rate 
(paise/kWh) 
effective from 

Tarapur 

Rajasthan 

Kalpakkam 

Narora 

Kakarpara 

57 (December 1992) 
61(1992-97) 

63 (April 1991) 

120 (January 1991) 
207 (May 1993) 

83 (July 1996) 

206 (March 1997) 

130 (July 1996) 

159 (July 1996) 

204 (July 1996) 

Tables, 

Factors responsible for increase in generation cost 


Item 

1992^93 

(p/kWh) 

1996-97 

estimated 

(p/kWh) 

% increase 

Fuel 

33 

47 

42 

Power purchase 

36 

57 

58 

O&M 

6 

8 

33 

Establishment and 

20 

24 

20 

administration 

Miscellaneous 

2 

3 

50 

Depreciation 

10 

16 

60 

Interest 

22 

32 

45 

Total 

129 

187 

45 


Source: Planning Commission. 


The rate of supply from different nuclear power sta¬ 
tions to SEBs during the 8th Five-Year Plan is given in 
Table 4. 

The main factors for the increases in the average cost 
of hydro and thermal generation are given in Table 5. 

Fuel cost has been around 25% of the total cost of 
supply of electricity in the period 1992-93 to 1996-97. 
Fuel cost is dependent, apart from other things, on the 
specific consumption of coal and oil in thermal plants 
(Table 6). 

Specific oil consumption in the coal-based thermal 
units declined from 7.8 ml/kWh in 1992-93 to 
5.9 ml/kWh in 1995-96. It is expected to decline further 
to 5.8 ml/kWh in 1996-97. The situation is better com¬ 
pared to that in the late seventies and eighties. Average 
specific oil consumption in Assam, Bihar, DVB, Hary¬ 
ana and Gujarat is higher than the all-utilities average. 
On the other hand, Andhra Pradesh, Karnataka Power 
Corporation, Tamil Nadu, Maharashtra, Rajasthan and 
Punjab have lower consumption in the last 5 years. Cost 
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of coal per unit of supply of power has increased from 
53.35 p/kWh in 1992-93 to 73.93 p/kWh in 1995-96. It 
is likely to increase further to 76.49 p/kWh in 1996-97. 
In DVB, Gujarat, Haryana, Karnataka, Punjab, Ra¬ 
jasthan and Tamil Nadu, the average cost of coal per 
unit of thermal generation is higher than the all-utilities 
average. The main reason lies in higher transport cost, 
as most of these states are located away from coalfields. 
These aggregate cost figures hide more than what they 
show. But they do show the hierachy of fuel costs in 
electricity - hydel, coal, nuclear. Improvement in PLF in 
the last five years would have affected specific fuel con¬ 
sumption rates. States away from the coal belt pay for 
higher costs of transportation. 

Future policies cannot be determined by analysis of 
average costs of the past. The past hides the differences 
of changing energy mixes, plants of different techno¬ 
logical vintages and managerial and financial efficien¬ 
cies of different orders resulting in plant availabilities 
and PDFs. To examine various fuel options for power 
generation the Planning Commission, in 1995, carried out a 
study for comparison of the cost of generation with various 
alternative fuels like liquid hydrocarbon, natural gas, coal at 
different locations in the country considering the availabil¬ 
ity of fuel and the transportation distance of coal/natural 
gas and other liquid fuel from the supply point to the 
power station, etc. The Planning Commission study 
identified the following as the best fuel options: 

i) In the Northern Region, the best fuel options are 
domestic coal, domestic and imported natural gas 
and domestic naphtha. 

ii) In the Western Region also, the best fuel options are 
Indian coal and domestic gas. The next best option 
is imported gas, imported LNG and imported naph¬ 
tha. 

iii) In the Southern Region also, the best fuel options 
are domestic gas and coal. Imported gas and LNG 
and imported FO are the next best options. 

Table 7 brings out these clearly. 

Indigenous coal emerged as the best fuel option in al¬ 
most all parts of the country. It is important to underline 
this as all the import agencies highlight only other op¬ 
tions. However, it has to be recognized that considering 
the fact that indigenous coal reserves are available only 
in selected parts of the country and its availability all 
over the country for power generation gets restricted due 
to financial constraints in mine development and that of 
its transportation, the option of indigenous coal, at least 
in the present context, is not available at a scale desired. 
The next best options of domestic gas or naphtha also 
are practically of academic importance as the available 
domestic gas has already been over committed and there 
is no possibility of getting domestic naphtha for power 
generation, as projected by the Ministry of Petroleum 
and Natural Gas. 


Table 6. Consumption and cost of fuel in coal-based thermal 
generation 



Fuel consumption per kWh 

Fuel cost per kWh 

Coal (kg) 

Oil (ml) 

Coal (Raise) 

Oil (P) 

1992-93 

0.75 

7.8 

53.4 

3.7 

1993-94 

0.76 

6.2 

62.5 

3.7 

1994-95 

0.76 

6.7 

68.2 

4.3 

1995-96 

0.75 

5.9 

73.9 

3.6 

1996-97 

0.75 

5.8 

76.5 

3.9 


Table 7, Cost of generation with different fuels (in Rs/kWh) 


Fuel 


type/location 

Delhi 

Gandhar 

Vizag Cuddalore 

IB Valley 

Domestic coal 

1.99 

2.09 

1.77 

2.13 

1.58 

Imported coal 

2.48 

2.16 

2.15 

2.16 

2.26 

Domestic gas 

1.82 

1.90 

1.75 

— 


Imported gas 

2.14 

2.08 

2.14 

2.14 

— 

Imported LNG 

2.47 

2.21 

2.21 

2.21 

_ 

Domestic naphtha 

2.44 

2.66 

2.61 

2.60 

2.66 

Imported naphtha 

2.46 

2.19 

2.19 

2.23 

2.29 

Domestic FO 

2.47 

2.48 

2.41 

2.49 

2.55 

Imported HSFO 

2.45 

2.17 

2.17 

2.21 

2.27 


Note. These figures were roughly w.r.t. 1994 fuel cost levels. With a 
naphtha price of Rs 7650/tonne, the levelized tariff of a recent proj¬ 
ect works out to Rs 2.6/kWh. 


With the recent change in the duty structure for the 
imported coal in the country, which has brought the duty 
level to 10%, the cost of landed coal at the coastal loca¬ 
tions of South India is quite comparable to the cost of 
landed coal from the mines located in Orissa. During the 
period 1992-93 to 1996—97, the coal import for power 
generation in the Southern states increased from 0.17 
million tonnes to 3.80 million tonnes. Though the total 
import during the year 1996-97 is only about 1% of the 
coal production in the country, this throws open new 
possibilities at least for the states in the Southern region, 
which are located far away from the coal-bearing areas 
of the country and close to sea coast. 

The country, today, has an installed capacity of over 
85,000 MW with the utilities generating nearly 395 bil¬ 
lion units of electricity. In addition, it is expected that 
over 10,000 MW power-generating capacity is captive 
to industries. The country is bestowed with vast power 
grade coal reserves and large hydro potential and there¬ 
fore, most of the generating capacity in the country is 
logically based on either indigenous coal or hydel. By 
the same logic, even the incremental generating capacity 
should have been mainly based on the available indige¬ 
nous energy resources in the country. However, there is 
a time factor also to be kept in mind. The country not 
only needs power, it needs to be assured that power 
would be available continuously, on demand for all the 
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economic and social activities and on this front there 
cannot be any slip-ups. Given the investments in the fuel 
sector in the country in the recent past, particularly the 
coal sector - inhibiting rapid expansion of coal-producing 
capacity to match the growing demand, the limited avail¬ 
ability of natural gas and other liquid fuels in the country 
for power generation, it is quite unlikely that the fuel re¬ 
quirements of the sector would be met out of indigenous 
energy resources and considering the gestation periods of 
various types of power projects in the country and the pre¬ 
paredness in terms of advance action for new generating 
capacity and also the possibility of short supply of coal to 
the power sector, power-generating capacity based on liquid 
fuel appeared to be the only practical way to: 

i) Avert a severe power crisis in view of the relatively 
long gestation period in case of hydel projects and 
projects based on coal or lignite. 

ii) Supplement the coal-based power generation as coal 
supply to power industry is likely to fall appreciably 
short of the project demand. 

This, however, as we all know, is a short-term arrange¬ 
ment primarily aimed at meeting the immediate energy 
demand. The country would need a long-term policy to 
fuel its power sector which should take into consideration 
the constraints in developing the locally available re¬ 
sources and the impact of any long term and large scale 
import of fuel. The analysis of the past few decades 
clearly shows that the use of coal and to some extent gas 
as the principal source of energy has been increasing more 
than proportionately. In 1996-97, for instance, some 75 
per cent of our total power generation came from coal and 
gas. Coal is our most abundant fossil fuel resource. Natu¬ 
rally, the reliance on its use has been more. The increas¬ 
ing reliance on coal has predictably put considerable 
pressure on coal-mining activity and transport infrastruc¬ 
ture. Thus a view is gaining ground that coal, though im¬ 
portant in medium and a short term, alone will not solve 
our energy problem. Even if the coal industry can achieve 
its difficult goal of tripling production in another 10 years 
and railway infrastructure is able to undergo a revolution¬ 
ary change, the task of capacity addition of over one lakh 
MW in the next ten years or so cannot be met by coal- 
based thermal units. Furthermore, as we look to the long 
term, perhaps in second quarter of the next century, when 
the world wide, reserves of oil and natural gas approach 
depletion and coal is to be hauled from much deeper 
depths, seeking alternatives from now onwards are ines¬ 
capable. A study I had got done in the BICP had shown 
that the long run marginal cost of coal was rising on ac¬ 
count of increase in depth of underground mines and gas¬ 
siness (partial real resource cost elasticities were as high 
as 0.6 with cost functions estimated from coal mines 
(Alagh, Y. K., Indian Development Planning and Policyy 
Wider Studies in Development Economics, Vikas, 1992, 
pp. 216-217). Alternative energy sources are available, 


but are at present either undeveloped technologically or 
underutilized. Some of these energy sources are renew¬ 
able, such as solar radiation, hydro, wind, tidal energy, 
etc. Others are depletable, but relatively untapped, such as 
geothermal heat or synthetic fuels from coal or wastes. 

On the supply side, the other possible alternative could 
be the fuel substitution for power generation, particularly 
in those regions of the country where economically- 
exploitable reserves of conventional fuel for power gen¬ 
eration such as coal and petroleum products are not avail¬ 
able. Hydel energy and nuclear energy, thus, seem to be 
the only realistic alternatives which hold the promise of 
substantially contributing to energy requirements. Most of 
the undeveloped hydel potential in India is concentrated 
in northern and north-eastern regions. GEA has in two 
recent reports brought out practical policies for prioritiz¬ 
ing hydel investments. More resources need to be spent 
on geological and hydrological studies and project formu¬ 
lation. Poor project investigation has led to cost and time 
overruns. An agency for this purpose and adherence to the 
Project Appraisal norm approved by Lovraj Kumar that 
up to 1% of project cost can be spent on project formula¬ 
tion needs to be thought of. More than 6000 MW of small 
run-of-the river and canal schemes have been identified 
which have short gestation cycles and no serious envi¬ 
ronmental problems. These need to be implemented soon. 
The Ministry of Power has provided a financing package 
for this. If pricing and transmission problems are re¬ 
solved, more private investment should also be possible. 
Nuclear energy clearly emerges as another viable option 
that can complement and supplement the coal-based ca¬ 
pacity addition programme substantially. If we see the 
natural resources and the infrastructure available in the 
country, I see no reason why nuclear power should not be 
developed at the required pace. We have the worlds’ larg¬ 
est reserves of thorium and some fairly large deposits of 
other fission materials. Oyer the years we have perfected 
the art of exploitation of nuclear energy. With the suc¬ 
cessful commissioning of Kamini Fast Breeder Reactor 
even though on an experimental plane, we are well on the 
way to mastering the nuclear fuel cycle. Our nuclear 
plants are now running well. Financing problems have to 
be resolved for more ambitious programmes. 

On the demand side, the alternative has to come from 
load management measures and increased end use effi¬ 
ciency, ultimately leading to tapering of demand. Energy 
conservation methods can surely help to a certain extent 
to reduce the shortages and, therefore, we have accorded 
it very , high priority. Higher productivity in generation 
and efficient energy conservation programme is extremely 
vital and its importance has been well recognized by the 
Government. Higher PLF and better demand management 
would translate into higher availability of power at a 
much cheaper cost. As a matter of fact, energy conserva¬ 
tion has been identified as a very important component of 
the overall strategy adopted by the Government to im- 
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prove performance of the power sector. In fact, the Cen¬ 
tral Electricity Authority (CEA) has estimated that by the 
year 2006-07 (end of the 10th Five-Year Plan) about 
15,000 MW could be saved by energy conservation meas¬ 
ures alone. Another 15,000 MW could be saved if de¬ 
mand management measures are taken up in right earnest. 
Thus, there is scope to roughly save about 30,000 MW by 
2006-07 by way of energy conservation measures. This is 
a significant quantity and we are committed to adopt 
measures to improve the productivity of our generation 
resources both conventional and non-conventional and at 
the same time save eriergy to plough back the benefits. 
We are equally concerned about the high transmission and 
distribution losses in our country, which are of the order 
of over 20%, and happen to be one of the highest in the 
world. We have initiated several steps to contain these to 
a reasonable level. 

Yet another area which is extremely important is pric¬ 
ing, of fuels for use in different sectors of the economy. In 
our country, fuel prices are generally fixed by the gov¬ 
ernment under the Administrative Price Mechanism 
(APM). The APM, besides considering the commercial 
aspects of fuel price also takes into account the social 
considerations in fuel use and arrives at a price which may 
not always be commercially most efficient. As we all 
. know, pricing is a strong mechanism through which effi¬ 
ciency in use and proper selection of a fuel for any par¬ 
ticular purpose can be made. At the same time if the fuel 
price does not reflect the true cost of delivery and is not 
sensitive to the opportunity cost, it not only leads to inju¬ 
dicious use of the fuel, the distortion thus created gets 
reflected in utilization pattern of other fuels as well and in 
the extreme case the entire economy pays the price for it. 
The case in hand is selection of naphtha for power gen¬ 
eration. It is widely known that naphtha is not the pre¬ 
ferred fuel for power generation. It offers a much better 
economic value when used as feedstock in fertilizer and 
petrochemical industry. In addition, naphtha prices in the 
international market are more upwardly volatile compared 
to any other fuel in the same category. However, because 
of the disparity in price of other white oils in the same 
category under the APM - prohibiting their use as pri¬ 
mary fuels for power generation - naphtha gets selected 
as fuel for power generation. The mechanism by which 
price of any particular fuel is determined also gets re¬ 
flected on the way the fuel industry grows. Presently, for 
coal to be supplied from a mine developed by the Coal 
India Limited, a pooled price is charged even though the 
coal from the newly-developed mine costs substantially 
more than the pooled price charged. This greatly inhibits 
development of coal mine through private sector as the 
transfer price of coal, mined from a mine developed in the 
private sector, would have to be comparable with the coal 
price of a new mine developed by Coal India. Presently, 
there is no mechanism for determining the transfer price 
of coal to a power project and institutional arrangements 


to decide transfer price of coal from captive mines must 
be put in place. 

In the ultimate analysis, it appears that probably there 
can be no general solution on a long-term basis to our 
fuel-related problems. We have to continuously strive for 
selection of the best combination of fuels, including their 
sourcing, the technology for their exploitation and use, 
etc. to arrive at a fuel mix that results in the lowest cost to 
the user. In order to arrive at the least cost option and an 
option that assures availability of fuel for power genera¬ 
tion and other economic activities, we must also increase 
the end use efficiency through demand side management 
and energy conservation methods. It is heartening to note 
that the ‘Approach Paper to the Ninth Plan’ prepared by 
the Planning Commission, lays enough emphasis on a 
combination of fuel options and attempts to address the 
possible bottlenecks created by the non-availability of 
indigenous fuels. Among other things, the paper identifies 
promotion of hydro-electric resources as a major thrust 
area. Emphasis has been laid on better utilization of avail¬ 
able capacity through increased productivity, reduction in 
losses, energy conservation and demand side manage¬ 
ment, etc. Option of importing fuels such as coal and 
other hydrocarbon products have been identified to bridge 
the demand gap. The approach papar also suggests steps 
to improve reservoir management to enhance oil recovery 
along with replacement of the administered pricing 
mechanism by a more rational pricing mechanism reflect¬ 
ing cost of supply. It is expected that these planned meas¬ 
ures would pave the way for better management of our 
energy resources and would be able to meet the galloping 
demand for energy products in the country. 

We have sketched the main options available to us. 
Domestic coal and imported gas as options have been 
discussed. There is unfortunately not as much discussion 
of the options available to us and the policies required to 
make the best use of them, in our interest, as is necessary. 
These are large and expensive project choices and a pol¬ 
icy framework in the period in which energy price reform 
is underway in a phased manner is obviously important 
Scale advantages lead to large cost advantages, whether it 
is power generation from coal, HDCV transmission or 
recondensation of imported gas and wrong or delayed 
decisions can be very costly. Inter country water and en¬ 
ergy flows and joint projects now under consideration will 
need to be seriously evaluated as an option also. It is im¬ 
portant that a strategic policy framework is established in 
which market policies and public initiatives can lead to 
India producing cost effective and sustainable energy for 
its millions of farmers, artisan, workers and households. 
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New insights on the corrosion of the Delhi iron 
pillar based on historical and dimensional analysis 


R. Balasubramaniam 

The history of the Delhi iron pillar has been critically reviewed to show that the pillar has been 
exposed to the environment of Delhi for only the last 800 years. Dimensional and historical 
analysis of the pillar indicates that it was originally buried up to the start of the smooth surface 
section. The changes in the burial level of the pillar over the centuries has been explained. Rea¬ 
sons for the severe soil-line corrosion occurring at a distance of 1.5'from the bottom of the pillar 
have been addressed. 


The iron pillar currently situated in the Quwwat-ul- 
Islam mosque (Figure 1) near the Qutub Minar at New 
Delhi has attracted the attention of metallurgists and 
archaeologists for its excellent resistance to corrosion. 
The theories which have been proposed to explain its 
superior corrosion resistance can broadly be classified 
into two categories: the environmental and material 
theories. According to the proponents of the environ¬ 
ment theory, the mild climate of Delhi is responsible for 
the corrosion resistance of the Delhi iron pillar as it is 
known that the relative humidity at Delhi does not ex¬ 
ceed 70% for significant periods of time in the year , 
which therefore results in very mild corrosion of the 
pillar. On the other hand, several investigators have 
stressed the importance of the material of construction 
as the primary cause for its corrosion resistance. The 
ideas proposed in this regard are the relatively puie 
composition of the iron used"^, presence of phosphorus 
and absence of S/Mn in the iron^ its slag enveloped 
metal grain structure^ and passivity enhancement in the 
presence of slag particles^’^ Other theories to explain 
the corrosion resistance are also to be found in the lit¬ 
erature like the mass metal effect^ initial exposure to an 
alkaline and ammonical envi^onment^ and surface 
coatings provided to the pillar after manufacture 
(barfing^ and slag coating^) and during use (coating with 
clarified butter^). That the material of construction may 
be the important factor in determining the corrosion re¬ 
sistance of ancient Indian iron is attested by the pres¬ 
ence of ancient massive iron objects located in areas 
where the relative humidity is high for significant peri¬ 
ods in the year (for example, the iron pillar at Dhar in 
Madhya Pradesh, the iron beams in the Surya temple at 
Konarak in coastal Orissa and the iron pillar at the 
Mookambika Temple, at Kollur situated in the 
Kodachadri Hills in the Wester n Ghats). _ 

R. Balasubramaniam is in the Department of Materials and 
Metallurgical, Engineering, Indian Institute of Technology, Kanpur 
208 016, India. 
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The Delhi iron pillar is a classic product of the forge 
welding technique that was employed by ancient Indians 
to manufacture large iron objects^The iron required 
for fabrication was received in the form of lumps 



Figure 1. The Delhi iron pillar located at the Qutub Minar complex 
in New Delhi. 
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which were obtained by the solid state reduction of iron 
ore in the presence of charcoal^^’^^. The iron lumps were 
later forged together and the large mass of the pillar was 
thus produced. In order to clear the controversy regard¬ 
ing the probable method (i.e., the vertical or horizontal 
forge welding technique) used to forge such a large 
piece of iron, the various aspects of the forge welding 
technology employed to construct the main body of the 
Delhi iron pillar has been critically analysed, recently^^. 
The analysis reveals that the main body of the pillar 
must have been manufactured by the vertical forging 
technique while the finishing operations on the pillar (to 
produce an even surface) must have been performed 
with the pillar in the horizontal position. It is really a 
wonder how the main body of the pillar of such large 
dimensions could have been produced at a very early 
date which would have demanded immense planning as 
to the processing and handling of such a large iron ob¬ 
ject. Incidentally, forging of such large iron objects 
could be performed in the West only from the 19th cen¬ 
tury onwards^^’^"^ and therefore the manufacture of the 
Delhi iron pillar is an engineering marvel. 

There are several studies reported in the literature on 
the corrosion resistance of the Delhi iron pillar where it 
is generally stated that the pillar has withstood corrosion 
for 1600 years. The analysis of the time period of expo¬ 
sure of the pillar to the environment and the original 
burial conditions of the pillar have not been critically 
addressed while discussing the corrosion aspects. These 
two factors are expected to influence the corrosion of 
the pillar. The aim of the present communication is to 
provide new insights on the corrosion of the Delhi iron ‘ 
pillar, addressing specifically the exposure conditions 
and the burial aspects of the pillar by analysing its his¬ 
tory and dimensions. The secondary aim of the present 
communication is to elucidate the engineering skill pos¬ 
sessed by the ancient Indian blacksmiths in the art of 
working iron and their vision as regards planning, exe¬ 
cution and construction of large iron objects. It must be 
constantly remembered that the construction of such a 
large iron object is a marvelous engineering achieve¬ 
ment. The communication would outline some of the 
issues that need to be addressed in future studies on the 
corrosion of the pillar, with specific reference to the 
buried regions of the pillar. 

History 

Among the several inscriptions that appear on the iron 
pillar, the oldest is the three-stanza Sanskrit inscription 
which covers an area about 2'9" broad and 10" high at a 
level of about 7' from the stone platform (Figure 2). The 
inscriptions are distinct showing minimal corrosion 
damage, but for slight rounding of the sharp edges. This 
six-line inscription states that the pillar was set up as a 
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Figure 2. Clearly discernible Sanskrit inscriptions on the pillar. 

lofty standard of the divine Vishnu (in a temple dedi¬ 
cated to Vishnu) on a hill called Vishnupadagiri, by a 
king having the name of Chandra on his demitting his 
office as king, after a very long rule (suciram), and his 
taking to retirement^^ It was the practice in ancient 
India for the king to relinquish his kingdom to a worthy 
successor and then spend the last years of his life in se¬ 
clusion like a hermit. Various theories have been ad¬ 
vanced about the identity of Chandra and he has been 
identified with Chandragupta I, Samudragupta, 
Chandragupta Vikramaditya II (all the above of the im¬ 
perial Gupta dynasty), Chandravarman of the Susunia 
rock inscription and, finally, Kanishka^®"^®, The inscrip¬ 
tion, moreover, states that Chandra is said to have van¬ 
quished a combination of enemies in Vanga (Bengal), 
perfumed the southern ocean by the ‘breezes of his 
prowess’ and overcame the Vahalikas traversing the 
seven mouths of the river Sindhu. It is quite probable 
that this Chandra mentioned is Chandragupta Vik¬ 
ramaditya II (375-414 AD) because there are concrete 
historical evidences to establish that this Gupta monarch 
firmly established his supremacy over Bengal and de¬ 
stroyed the remnants of the powers in the north-west, a 
task which his father Samudragupta (who, incidentally, 
is referred to as the ‘Napoleon of India’ by western his¬ 
torians whereas it should have been Napoleon who must 
have been called the ‘Samudragupta of Europe!!!’) 
could only accomplish partially^^. Convincing proof that 
the iron pillar must have been erected by Chandragupta 
Vikramaditya II is available from numismatic evidences. 
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What has been stated in verse on the iron pillar was 
shown on a unique coin-type (known to numismatists as 
Apratigha coin-type which, earlier was mistakenly iden¬ 
tified as Sripratapah) of Kumaragupta I (414-455 AD), 
the son of Chandragupta Vikramaditya II, in which 
Chandragupta and his wife are depicted blessing their 
son who is seen with his hands folded saluting his par¬ 
ents. The verses on the coin refer to Kumaragupta’s par¬ 
ents and mention them to be of the iron pillar fame^^. It 
has also been reported that the complete legend on the 
Apratigha coin-type has not been fully deciphered^^. 
Moreover, the title Chandra appears written vertically 
under the king’s arms in most of the coins struck during 
the time of Chandragupta Vikramaditya II (ref. 16). In¬ 
terestingly, the garuda standard is also a regular feature 
in these coins^^. Moreover, the fact that Chandragupta II 
reigned for a very long time (suciram) is amply proved 
by the existence of a wide variety of his coins^^. 

The three-versed inscriptions are in the Sanskrit 
script, whose alphabetical characters belong to the reign 
of Chandragupta II, his son (Kumaragupta) and grand¬ 
son (Skandagupta)^^. The Guptas ruled northern India 
from the first half of the 4th century (when Chandra¬ 
gupta I was proclaimed the emperor in 319 AD) to the 
later part of the 6th century AD^^ The Gupta king that 
consolidated the empire was Samudragupta who reigned 
between 335 and 375 AD^^. Samudragupta’s rule was 
followed by Chandragupta Vikramaditya IT There are 
recorded instances of the wealth and prosperity of India 
under his reign which have been documented by 
the Chinese traveler Fa-hien.who visited India totally 
during the reign of Chandragupta Vikramaditya II 
(ref. 19). Therefore, it is reasonable to conclude that 
the iron pillar had been manufactured sometime in the 
beginning of the 5th century and this implies that 
the pillar is at least about 1600 years of age, as of 
today. 

The inscription clearly indicates that the iron pillar 
was originally located as a garudstambh (or garu- 
dadhvaja, a pillar or standard topped with the figure of 
the bird garuda) in a Vishnu temple somewhere in North 
India, the probable places mentioned as Mathura^^, 
Kashmir^®, Hardwar^° and Ambala^^. Mathura seems the 
likely place as Fa-hien, the Buddhist Chinese pilgrim 
who visited India between 399 and 410 AD (wholly 
within the limits of reign of Chandragupta II), mentions 
that it was a place of great religious activities'^. As Vin¬ 
cent Smith has lucidly argued^^, Vishnupadagiri must 
have been a well-known Vaishnava pilgrim center within 
the Gupta empire and not very far from Delhi. These 
conditions are satisfied by Mathura which is less than 
eighty miles from the Qutub Minar, well within the 
Gupta dominion, contains many hills and mounds in the 
regions surrounding the present city, is an ancient city of 
India and has been the site of famous Vishnu temples 
and Vaishnava worship from time immemorial. The 
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Guptas were ardent devotees of Vishnu as attested by 
the legends inscribed on their coins^^ and temples^^. In¬ 
scriptions dated to Chandragupta II and Kumaragupta 
have also been found in Mathura^^. Smith further ven¬ 
tures to propose that the Katra mound where the mag¬ 
nificent temple of Vishnu, under the name of Kesava, 
once stood may probably be the Vishnupadagiri men¬ 
tioned in the inscription^^. This temple, according to 
contemporary evidences^^, ‘was larger and finer than the 
rest, which can neither be described nor painted. The 
idols included five of red gold each five yards high, with 
eyes formed of priceless jewels’, and was plundered by 
Mahmud of Ghazni during his seventeenth raid on 2 De¬ 
cember 1018 AD and levelled to the ground^^. The pillar 
must have been saved from the ravages of Mahmud of 
Ghazni. The pillar was later transported and erected in 
the main temple at Dehali (Delhi) when it was devel¬ 
oped around 1050 AD by the Tomar king Anangapala^^. 
A contemporary inscription ('Samvat Dihali 1109 Ang 
Pal bahV) of Anangapala is recorded on the iron pillar 
itself which states that ‘in Samvat 1109 (1052-53 AD) 
Ang Pal peopled (founded) Dehali’The pillar cur¬ 
rently stands in the Quwwat-ul-Islam mosque, situated in 
the Qutub Minar complex, the first mosque to be built in 
Delhi. The mosque was built on the base of a temple that 
once occupied the site^^ and it is probable that the iron 
pillar would have been located in that original temple. 
Inscriptions on the east wall of the mosque state the 
construction of the original temple by Anangapala in 
1052 AD^^ In the process of re-assembling the iron pil¬ 
lar after the destruction of the temple, the part of the 
pillar which was initially buried underground (identified 
by the presence of round-shaped hammered cavities in 
the base of pillar provided for better gripping of the 
pillar to the ground, and deep corrosion pits) has been 
placed above the ground level (Figure 3). 

Archaeological evidences^^ and facts based on temple 
architecture^^ indicate that the current location of the 
pillar in the mosque may not be exactly the same loca¬ 
tion at which the iron pillar must have been located in 
the original temple in Dehali. However, the iron pillar 
could have been situated in the same temple as one of 
the pillars in the colonnade bears the date 1124 Vikrama 
Saka (1067-68 AD). The Quwwat-ul-rlslam mosque was 
constructed on the location of the main temple of that 
area, the base of which is still clearly discernible. It was 
a well-established practice of the muslim invaders in 
India to destroy the places of worship of the conquered 
and use the materials of construction of the temples in 
the construction of mosques. In this process, the original 
temple function and the nature of the Hindu temple ob¬ 
jects was distorted, as attested by the large number of 
such existing structures in India. In this regard, the sig¬ 
nificance of the Quwwat-ul-I$lam mosque should be 
appreciated. Historically, the first muslim city in India 
was the one near the Qutub Minar called by the muslim 
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Figure 3. Hammer marks clearly visible where the rough region 
comes in contact with the smooth region. 


historians as Qila-i-Rai Pithaura, which was originally 
Prithvi Raj Chauhan’s capitaP^ After the second 
battle of Taraori (near modern Thanesar) in 1191 AD, 
Prithvi Raj’s fortress-city came into the hands of 
the muslims. The invaders generally built their first 
mosque on the site of the largest temple in the city that 
had been conquered. Therefore, the pillar would have 
been located at the main temple which originally occu¬ 
pied the site of the Quwwat-ul-Islam mosque. The Per¬ 
sian inscription (incidentally, the first on any building in 
India^^) over the inner east gateway of the mosque de¬ 
scribes the demolition of the temples^^ Later historical 
events Lave been well recorded in the numerous inscrip¬ 
tions found in the mosque, which have been published 
and translated by Banerjee^^ It is interesting to note that 
the Qutub Minar complex at Delhi, where the iron pillar 
is located, is the first recorded instance of Indo-Islamic 
architecture in that the construction materials for the 
Islamic structure were obtained from earlier existing 
Hindu structures'^ The pillar has been ever since lying 
in this location. 


Dimensions 

There was a lot of speculation about the depth of the 
pillar below the ground before Beglar measured the 
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same in the last century. The detailed dimensions of the 
pillar, have been quoted by Hadfield^"^ to be: 


Total length 

23"8" 

Height above the ground 

22' 

Height below the ground 

1'8" 

The upper diameter (below decoration) 

12.5" 

The lower diameter 

16.5" 

Total weight 

6 tons 


The dimensions of various portions of the Delhi iron 
pillar were also recorded in detail by Ghosh^ who stud¬ 
ied the pillar with the assistance of the Archaeological 
Survey of India (ASI) in the late 1950s and early 1960s. 
He provided the following dimensions: 

Distance from bottom of the pillar to the level of the yard VI" 


Height from the yard level to the raised platform r6" 

Height of cylindrical portion above ground level 17" 

Height of the decorated portion 3"5" 

Total length 23'6" 

Diameter at bottom above ground level 16,7" 

Diameter at top, below decoration 11.85" 

Diameter of the topmost bulging portion (underground) 19.09" 

Diameter of the base (underground) 24.59" 

Topmost square surface of the decoration 1' X 1' 

Diameter of the iron cylinder fitted at the top 8" 

Length of the slot for flag staff 6" 

Depth of the flag staff slot I'S" 


The tapering cylindrical main body of the pillar stands 
17' from the platform level out of which the bottom 2' 
surface is rough in nature, showing visible hammer 
marks (see Figure 3)^. 

On analysing the dimensions of the pillar provided by 
Beglar and Ghosh, it is amply clear that the stone plat¬ 
form that is currently seen around the Delhi iron pillar 
was not present when Beglar made his measurements, as 
he reports that the total length below the ground level is 
only 1'8", whereas Ghosh mentions that this is the dis¬ 
tance from the bottom of the pillar to the level of the 
courtyard (1'7", which can be taken as accurate since it 
is a recent measurement). This is because the stone plat¬ 
form surrounding the pillar base was constructed by 
Beglar in 1871. The pillar was completely removed from 
its base by Beglar, an assistant of the noted archaeolo¬ 
gist Alexander Cunnigham, when he studied the buried 
underground structure of the Quwwat-ul-Islam mosque’s 
courtyard and pillared areas in 1871 (ref. 22). The stone 
platform seems to have been assembled by him after the 
pillar was removed from the base. This is also attested 
by Hadfield^^ who mentions that, on perusal of earlier 
photographs of the pillar, he did not notice the stone 
platform and that it had been put in place after Beglar’s 
investigations. The absence of the stone platform before 
1871 has also been mentioned by Smith^^. Interestingly, 
when the Committee of the Iron and Steel Institute, 
made some special inquiries with regard to this pillar in 
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1872, one Lieutenant Spratt, of the Royal Engineers sta¬ 
tioned at Delhi, replied that the depth of the pillar below 
the ground was 3' (ref. 23). It is therefore clear that the 
stone platform was in place by the time Spratt made his 
observation sometime in 1872. Visual evidence for 
the absence of the stone platform is also available from 
a published photograph^"^ and drawing^^ of the pillar 
taken before the construction of the stone platform. 
Therefore, it is first established that the body of the pil¬ 
lar was buried under the ground for only 1'7" of its 
length, from the tirpe it was placed in the mosque court¬ 
yard till 187 l’ 

Analysis of dimensions 

The dimensions of the main body of the pillar were 
critically analysed in order to understand the original 
burial level of the pillar and also to appreciate the pil¬ 
lar’s symmetrical design. The design symmetry of the 
Delhi iron pillar is not clearly revealed by the reported 
dimensions. The analysis of the overall dimensions of 
the pillar is discussed below. 

If the start of the smooth surface section is taken as 
the original burial level, the relative dimensions of the 
pillar are as provided in Figure 4. It is seen that the 
buried base is one fourth of the total length of the main 
body of the pillar, excluding the decorative top. The 
rough surface occupies one-fourth (60 U) and the 
smooth surface three-fourths (180 U) of the pillar main 
body length. The burial of the pillar body to one-fourth 
of its height would have provided the necessary stability 
to the structure. Moreover, the relative dimensions do 
not resemble any pattern if the burial level is taken as 
the present one. Therefore, it can be firmly concluded 
from the analysis of the pillar’s relative dimensions that 
the pillar was originally buried to the start of the smooth 
surface region. 

The decorative capital of the pillar is currently 40 U 
in length, i.e. one-sixth of the pillar’s main body height. 
However, this would not be the appropriate way to view 
this. The decorative bell capital has been described in 
detail elsewhere^^ The capital was originally topped 
with an idol. This would have, most likely, been that of 
garuda as Gupta garudstambhs (literally meaning ‘pillar 
topped with garuda'), placed in front of the garbh gri- 
hah (sanctum sanctorum) in the main temple courtyard, 
generally were topped with an idol of garuda, as proven 
by the only existing Gupta garudstambh in the ruined 
Vishnu temple at Eran (Erakina) in Madhya Pradesh 
(Figure 5). Inscriptions on the Eran pillar indicate that it 
was constructed around 480 AD during Gupta rule . An 
artistic construction of the idol atop the Delhi iron pil¬ 
lar, based on the Gupta garudstambh at Eran, is pro¬ 
vided in Figure 6. Note the figures of lions located at the 
corners of the top box-shaped pedestal. The rem- 



Figure 4. Relative dimensions of the Delhi iron pillar. The unit U 
measures 1" and is equal to 1 angulam, 

nants of the rods, used for holding these figures, can still 
be seen in the corners of the lower side of the top face 
and upper side of the bottom face of the box-shaped 
pedestal. It must also be mentioned that the garud¬ 
stambh standard is noticed in nearly all the Gupta coins 
dating from Samudragupta^^. The total length of the 
decorative column including the Garuda idol must occur 
at a certain fixed ratio to the main body of the pillar, 
especially to its length above the ground. It is reason¬ 
able to assume that the idol would have been approxi¬ 
mately 20 U in length, thereby providing the total length 
of the decorative top as 60 U. It immediately becomes 
obvious that the length of the decorative capital (60 U) 
would now be exactly one-fourth of the total pillar 
height exposed above the ground level (240 U). More¬ 
over, the depth of burial below the ground level would 
be equal to the height of the decorative capital of the 
Delhi iron pillar, indicative of the engineering design of 
the pillar. 

A short comment is in order on the base unit U. The 
relative dimensions of the pillar were provided in 
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Figure 5. Gupta garudstambh from the ruined temple at Eran, 
Madhya Pradesh. 


Figure 4 in terms of the unit U. This unit corresponds to 
1 inch. It is further interesting to note that the top square 
surface of the pillar’s pedestal measures exactly 
12" X 12". The ancient Indian measure of length, omit¬ 
ting microscopic measurements, was the angulam which 
measured to 1". This was divided into 8 yavas. On the 
higher side, 12 angulams equalled 1 vitasti (12" or T) 
and 2 vitastis to 1 hasta or aratni. Further, 4 hastas re¬ 
sulted in 1 danda^^, Therefore, the ancient Indian meas¬ 
ure unit could have been adopted by the British and the 
conclusive proof of the same is the above analysis of the 
dimensions of the Delhi iron pillar. This aspect needs 
further elucidation by concerned authorities. 

Original burial level 

The above dimensional analysis of the pillar indicates 
that the current burial level of the pillar was not the 
original burial level of the pillar when it formed a part 
of the temple. There are further evidences to support 
this conclusion. First, the rough portions of the pillar 
which are visible in the bottom regions of the pillar 



Figure 6. An artistic recreation of the figures originally present on 
top of the Delhi iron pillar capital. The recreation is based on the 
only existing Gupta garudstambh at Eran, Madhya Pradesh. 


(Figure 3), as it currently stands, is not a result of imper¬ 
fection during the time of manufacture (as erroneously 
stated, by some previous investigators^’^) but rather was 
provided for the specific purpose of gripping the pillar 
to the ground. This can be easily seen by observing the 
hammer-marked cavities that are still visible on the sur¬ 
face of the pillar in the rough region just below the 
smooth surface finish region (Figure 3). The rough por¬ 
tion of the pillar was originally buried in the courtyard 
of the temple and later was left exposed outside when 
the iron pillar was displaced from its original position. 
Further support to this idea is provided by the observa¬ 
tion that if one were to stand at the level of the start of 
the smooth section of the pillar, the person would di¬ 
rectly face the inscriptions. Therefore, the pillar must 
have been buried at this level as the inscriptions would 
be otherwise too high for a person standing at the base 
of the pillar to read. This is shown in Figure 7 where the 
author had placed a perch to reach the level of the start 
of the smooth surface. It can be noticed that the inscrip¬ 
tions now appear at face level. The well-polished sur- 
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Figure 7. The original burial level was the start of the smooth sec¬ 
tion as the inscriptions in this case would appear at face level. 

face currently visible on the iron pillar (at a distance of 
approximately 4' from the platform level) is due to the 
habit of visitors trying to clasp their hands behind their 
backs which, folklore states, if successfully completed 
would bring luck to the person. On careful observation 
of the pillar’s surface, it is noted that there is a region in 
the pillar which appears to have a different hue from the 
rest of the surface and this region occurs at exactly the 
same height had people clasped their hands around the 
pillar when it was originally buried in the temple. The 
belief of clasping the hand around the pillar ‘for good 
luck’ appears to be a very old tradition. The appearance 
of the band at this level is proof that the original burial 
level in the temple was at the start of the smooth section. 

Moreover, the custom of clasping the hands around 
the pillar also existed when the pillar was buried in the 
mosque courtyard even before the stone platform was 
constructed by Beglar in 1871. This can be seen in the 
drawing of the pillar (without the stone platform) by an 
artist named Mirza Shah Rukh Beg for publication in 
Syed Ahmed Khan’s Urdu work Athar'al-Sanadid in 
1846, where a bearded man is seen embracing the pib 
lar^^. In such a case, it must have resulted in a polished 
band just at the start of the smooth section and this is the 
reason why the region just at the start of the smooth 
section (the region above the indicating scale in Figure 
3) appears polished and even surfaced. 

Interestingly, a grill iron cage has been recently con¬ 
structed by the Archaeological Survey of India along the 
perimeter of the stone platform (Figure 1) in order to 


prevent people from clasping their hands on the pillar. 
The bright polished band of material, currently seen at a 
height of 4' from the stone platform, would henceforth 
not come in contact with peoples’ hands. Therefore, the 
passive film (that is responsible for the pillar’s excellent 
corrosion resistance^’^) would grow unhindered at this 
location. At this juncture, it is important to monitor the 
growth of the passive film on the surface of this pol¬ 
ished region by accurately measuring its thickness and 
visually following its growth by photography. The 
author hopes that such a study on the pillar would be 
initiated on a long-term basis involving the active co¬ 
operation of the ASI and metallurgists. 

Pillar bottom 

Beglar reported that the floor of the mosque ‘consisted 
of two layers of well-dressed stone close set, nine and 
ten inches thick respectively, resting on a basis of rub¬ 
ble-stone of enormous dimensions and indefinite depth, 
the excavation having been carried down over fourteen 
feet without coming to the bottom of the layers of rub¬ 
ble-stone. These two layers of dressed stone extend 
throughout the entire area of the mosque courtyard, and 
cloisters of inner enclosure. In the courtyard, however, 
these layers are overlaid by another layer of stones of 
irregular shape and size, and evidently belonging to 
various portions of some ruined structure; the conse¬ 
quence of this is that the level of the courtyard is higher 
than the level of the floor of the mosque and cloister’^^. 
Therefore, the beautifully constructed double flooring 
resting on the massive foundation was left intact by the 
muslims and they placed a superficial layer of broken 
material over the dressed stone in the courtyard. The 
pillar is supported by the upper layer of the old Hindu 
floor and surrounded by the superficial layer of broken 
stones laid down by the muslims. This can be seen in the 
plan and section of the pillar’s base which was provided 
by Beglar (reproduced in Figure 8). It is presently stabi¬ 
lized by another stone platform constructed around the 
base, on the surface of the courtyard floor, by Beglar in 
1871. 

Ghosh excavated the region around the pillar^ and ob¬ 
served the bottom portion of the pillar. Ghosh has pro¬ 
vided a picture of the underground portion of the pillar 
below the ground level which is reproduced in Figure 9. 
Ghosh observed that the ‘base of the pillar was flat and 
eight small projections shaped as toes of an elephant 
were seen at equal intervals’^. These projections were 
inserted into a sheet of almost pure lead. A heavy slab of 
stone was found placed horizontally on the original 
upper layer of the temple floor on which the lead sheet 
was found. It can be noticed from Figure 9 that the pillar 
is in the upright position when the observations were 
recorded by Ghosh, thereby implying that the pillar 
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was supported firmly upright while a portion of earth 
was removed from its base. Spratt comments that ‘the 
pillar ended in a bulb like an onion, which is held in 
place by eight short thick rods of iron and which at their 
lower extremity are let into a block of stone, in which 
they are secured by lead’^^ . The presence of small iron 
rods projecting from the bottom perimeter of the pillar 
has also been reported by Beglar^^. He states that ‘the 
iron lat or pillar was found resting on the second layer 
of dressed stones composing the floor; its total height 
from the top of the capital to the bottom of its base is 23 
feet 8 inches. The base of the pillar is an irregular knob 
in shape, resting on several little pieces like bits of bar 
iron, let into the stone underneath and secured with 
lead’^^. Smith also quotes the presence of ‘the grid iron 
of iron bars, soldered with lead onto the upper layer of 
the dressed stone’Curiously, the plan of the pillar’s 
base, reported by Beglar (Figure 8), shows that there are 
nine projections emanating from the base of the pillar. 
This could be due to a mistake during the publication of 
the report from the notes taken in the field by Beglar, as 
Spratt^^ and Ghosh^ both confirm the presence of 8 iron 
rod projections. It is certain that the pillar was disturbed 
from its upright position by Beglar in 1871. It is reason¬ 



Figure 9. Underground portion of the Delhi iron pillar^. 


able to assume that the stability of the pillar must have 
been suspect when it was reburied by Beglar. The addi¬ 
tional stone platform must therefore have been con¬ 
structed by Beglar in order to provide further support 
and stability to the pillar. Surprisingly, Beglar does not 
provide any reference to the erection of the stone plat¬ 
form in his report^^. 

Implications for corrosion of pillar 

Historical analysis of the pillar has revealed that the 
pillar was located at a different place prior to its current 
location in Delhi. The most likely place where the pillar 
was situated, before it was bought to Delhi around 1050 
by Anangapala, is Mathura. Therefore, the climatic 
conditions of Mathura (like the relative humidity, tem¬ 
perature and rain statistics), averaged over several dec¬ 
ades, should also be analysed to understand the 
environment to which the iron pillar was exposed before 
it was brought to Delhi. The climatic conditions of Delhi 
have already been analysed and related to the pillar’s 
corrosion resistance^. Such a study would provide fur¬ 
ther insights on the role of environmental conditions 
(atmospheric exposure) in influencing the corrosion of 
the pillar, before its location at Delhi. 
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Dimensional analysis of the pillar has revealed that 
the region in contact with the soil line has changed over 
the years. The pillar was initially buried up to the 
start of the smooth section while it was present in 
the temple and later buried up to a different depth when 
it was placed in the mosque courtyard. The addition 
of the stone platform further modified the burial line. 

In view of these changes in the burial line, it is interest¬ 
ing to analyse the nature of corrosion of the pillar’s 
surface in contact with soil. It is expected that the cor¬ 
rosion of the pillar’s regions buried in soil would be 
more severe than the regions exposed to the environ¬ 
ment. 

It is well known that the corrosion of metallic objects 
partially buried in soil exhibit maximum corrosion dam¬ 
age just below the ground level due to the differential 
aeration cell effect. The soil provides a humid environ¬ 
ment if water is retained in the soil due to poor drainage. 
Water contains dissolved oxygen which is essential for 
atmospheric corrosion to proceed as the reduction of 
oxygen is the cathodic reaction that supports the oxida¬ 
tion (i.e. corrosion) of metal. Corrosion depletes the 
environment of dissolved oxygen which is readily re¬ 
placed in the soil region exposed to the atmosphere. 
However, oxygen cannot be replenished in the soil lo¬ 
cated at a depth under the ground. Depleted oxygen 
leads to the creation of an anode supported by the cath¬ 
ode (formed at the soil-line by reduction of excess dis¬ 
solved oxygen). This is a typical example of a 
differential aeration cell. Corrosion damage is, there¬ 
fore, maximum just below the soil-line, where dissolved 
oxygen is less accessible and soil resistance between the 
cathode and anode areas is minimal. This situation is 
akin to the corrosion of metallic objects half-immersed 
in water wherein the corrosion damage is maximum just 
below the waterline for similar reasons as outlined 
above^^ Keeping the above factor in mind and returning 
to the Delhi iron pillar, it is to be noticed that there is 
very little corrosion damage in the region where the 
smooth surface contacts the rough surface, the location 
of the original burial level (Figure 3). The reason for the 
dull polished smooth finish of this region is due to the 
habit of travelers clasping their hands around the pillai 
in the mosque courtyard, even before the stone platform 
was erected. This is also seen in an old drawing of the 
Delhi iron pillar^^ in which a person is seen embracing 
the pillar at the location where the rough surface 
changes to the smooth surface. The lack of corrosion at 
this location indicates that the pillar was not in long¬ 
term direct contact with a water-containing environment 
(i.e., soil) at its base when it was consecrated in the 
temple. The moisture in the soil is relatively non- 
corrosive in the short term, but the residence time of 
moisture on the metal surface will control the degree of 
corrosion in soil in the long term"*. This implies that the 
pillar must have been originally gripped by a stone plat- 
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form, with coarse gravel as the filling material, which 
would have provided the necessary drainage. 

The location of the pillar in the temple would also 
have to be considered while addressing soil corrosion. 

In the original Gupta temple, the iron gcifudstanibh must 
have been placed in the main temple courtyard, in front 
of the sanctum sanctorum (garbh grihah). Such an ar¬ 
rangement is noticed in the temple ruins at Eran. The 
pillar must have been exposed to the atmosphere as the 
courtyards in Gupta temples were not roofed at the top. 
The construction of roofed pillared hall {mandapa) in 
front of the sanctum sanctorum in the Hindu temple was 
developed around 700 AD"®, much after the Gupta pe¬ 
riod. (In the earlier temples (for example, the Shore 
temple at Mahabalipuram and the Kailasanatha temple at 
Kanjeevaram, both built around 700 AD"®), the man¬ 
dapa was isolated from the sanctum sanctorum by an 
open space. Later, the custom of uniting the two by an 
intermediate chamber {^antarala) was established. 
Leading up to the mandapa was a roofed porch {ardha- 
mandapa) and there may be a transept on each side of 
this central hall called maha-tnandapa. One of the first 
temples to combine all these attributes was the Vaikun- 
tanatha Perumal temple at Kanjeevaram.) The Gupta 
temples, at the most contained a small roofed porch in 
front of the entrance (for example. Temple No. 17 at 
Sanchi and the beautiful Deogarh temple"®). Therefore, 
the iron pillar must have originally been placed in a 
courtyard exposed to the environment in the original 
Gupta temple. This is schematically depicted in Figure 
10 where the iron pillar topped with a statue of garuda 
(according to Gupta conventions) is shown standing in 
the uncovered platform in front of a temple. The temple 
shown in this figure is modeled after the Gupta temple at 



Figure 10. An artistic recreation of the iron pillar in its original 
location in the temple courtyard. The temple is modeled after the 
Gupta temple at Deogarh. 
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Deogarh. Although the pillar could have been later en¬ 
closed in a closed courtyard when the temple must have 
been renovated or extended during later times, it must 
have been still exposed to the atmosphere, as this is 
dictated by the rules of temple architecture^^. Dhvajas- 
tambhs exposed to the atmosphere can still be seen in 
temples constructed according to strict temple architec¬ 
ture canons. 

In spite of direct exposure to the atmosphere, the lack 
of corrosion at the original burial level indicates that 
accumulation of water at the base would have been 
minimal when the pillar was located in the Gupta 
temple, and later in the temple at Delhi, Non¬ 
accumulation of water is likely as the constructed tem¬ 
ples were strictly provided with an intricate drainage 
system whereby the water collected in the main temple 
area was drained out of the area in a particular direction. 
Therefore, it is concluded that water would not have 
been retained on the body at the base of the pillar when 
it was originally consecrated in the temple, although it 
was exposed to the environment. The designers of the 
pillar had ensured that water will not accumulate at the 
base of the pillar. 

The above analysis implies that the buried section of 
the pillar was not exposed to a corrosive atmosphere at 
its base for the first 800 years of its existence till about 
1200 AD. It was only when the pillar was uprooted from 
its location in the temple and placed in the Quwwat-ul- 
Islam mosque that the buried portion of the pillar was 
directly exposed to a humid soil environment. Interest¬ 
ingly, the rough underground portion was exposed out¬ 
side in order to reveal the ‘imperfection’ of Hindu art. 
Therefore, it is expected that the corrosion damage 
would be significant at the burial level when the pillar 
was placed in the mosque as drainage facilities were not 
provided (from the base of the pillar) and moreover, the 
pillar was also exposed directly to the atmosphere. This 
hypothesis is verified by critically observing the current 
underground section of the pillar whi:jh shows signifi¬ 
cant reduction in the section thickness at just below the 
level it was buried in the mosque originally, i.e. V6" 
from the bottom of the pillar (Figure 8). It has been 
stated by Ghosh^ that this area is severely corroded, 
showing the presence of deep corrosion pits. The iron 
pillar in this region is covered with a thick adherent 
coating of rust which Ghosh had to chisel out for clean¬ 
ing. He states that ‘the rust appeared laminated and its 
maximum thickness was 1.5 cm. Under the rusted por¬ 
tion, the pillar showed a rough surface pitted at places. 
In some of the pits, water poured into them flowed out 
through the base’^ Therefore, the region of the pillar 
where corrosion damage is maximum occurs at a height 
of approximately 1'6" from the bottom of the pillar. 
Future studies on the corrosion aspects of the pillar 
should also address this location. Valuable information 
on the nature and process of passive scale formation 
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(that^is responsible for the pillar’s corrosion resis¬ 
tance ) could be obtained by analysing the cross- 
sectional microstructure and composition of the rust 
located in this region. 

Conclusions 

Historical and dimensional analyses of the Delhi iron 
pillar reveal that although it was exposed to the atmos¬ 
pheric environment for 1600 years, it was exposed to the 
environment of Delhi for only about 800 years. The 
stone platform currently seen around the pillar was 
erected in 1871 by Beglar. Dimensional analysis pro¬ 
vides that the start of the smooth section was the origi¬ 
nal burial level of the pillar in its original location in a 
Hindu temple. The soil-line corrosion damage was 
minimal when the pillar was located in the temple indi¬ 
cating the provision of drainage facility around the 
pillar. Soil-line corrosion was accelerated when the pil¬ 
lar was relocated in the mosque courtyard. It is also 
concluded that the surface region whei'e maximum cor¬ 
rosion has taken place occurs at a distance of approxi¬ 
mately r6" from the bottom of the pillar. Future studies 
should focus specific attention on the rust formed in this 
region, which is expected to provide valuable informa¬ 
tion regarding the nature of the passive film formation 
on the exposed surface of the pillar. 
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REVIEW ARTICLE 

Stereochemistry of peptides and polypeptides 
containing omega amino acids 


Arindam Banerjee and P. B alar am 

Molecular Biophysics Unit, Indian Institute of Science, Bangalore 560 012, India 


The omega amino acids have a larger degree of con¬ 
formational variability than the alpha amifio acids, 
leading to a greater diversity of backbone structures 
in peptides and polypeptides. The synthetic accessi¬ 
bility of chiral jS-amino acids and the recent obser¬ 
vation of novel helical folds in oligomers of cyclic ^- 
amino acids has led to renewed interest in the stereo¬ 
chemistry of co-amino acid containing peptides. This 
review focuses on the conformational characteristics 
of the polymethylene chain in co-amino acid segments 
and surveys structural features in peptides estab¬ 
lished by X-ray diffraction. The literature on poly¬ 
mers of achiral co-amino acids (nylon derivatives) 
and chiral, substituted derivatives derived from tri¬ 
functional a-amino acids, reveals that while sheet¬ 
like, intermolecular hydrogen bonded structures are 
formed by the former, folded helices appear fa¬ 
voured by the latter, co-Amino acids promise to ex¬ 
pand the repertoire of peptide folds. 


The genetic code determines the translation of nucleic 
acid sequences in genes into amino acid sequences in 
proteins. The alphabet of amino acids specified by the 
genetic code is generally limited to twenty. The geneti¬ 
cally coded amino acids are all a-amino acids, structures 
in which the carboxyl and the amino groups are linked 
to a common tetrahedral carbon centre, the a-carbon 
atom. Variants of the a-amino acids are found in nature 
in which the amino and the carboxyl groups are placed 


on different carbon atoms. In co-amino acids, the two 
functional groups are separated by polymethylene units 
of variable length (Figure 1). The introduction of addi¬ 
tional C-C bonds into the polyamide (polypeptide)* 
backbone introduces additional degrees of conforma¬ 
tional freedom, which can, in principle, have profound 
effects on structural and functional properties of pep¬ 
tides containing a>-amino acids. Recent studies have 
established convenient synthetic routes to chiral ji- 
amino acids^"^. The observation of novel helical folds in 
peptide oligomers of acyclic^ and cyclic ^-amino ac- 
ids"^’^, the characterization of cz-helical structures in 
peptides incorporating /?-Ala~y-Abu segments^ and the 
demonstration of proteolytic stability of a model 
hexapeptide^ have provided a dramatic new impetus for 
the use of ai-amino acids in peptide and protein design. 
This report presents a brief overview of the structural 
features established in peptides containing ca-amino acids. 


*We shall use the term peptide to describe amide linkages involving 
CO- amino acids in oligomeric sequences. We use the broad definition 
of a peptide bond as the linkage between amino acids, not necessar¬ 
ily restricted to a-amino acids*. The term polyamide is confined to 
the descriptions of polymeric sequences involving tu-amino acids 
encompassing the entire range of nylons^. The term isopeptide has 
been used in the literature to describe peptide bonds formed by side 
chain carboxyl or amino group in trifunctional amino acids like Asp, 
Glu and Lys. In the present review, the term )3-peptide is adopted for 
homooligomeric sequences containing ^-amino acids. The nomencla¬ 
ture used follows the current literature^ 
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/3 “ substituted - ^ - amino acid -substituted - ^5-amino acid 

R^=:CH3 , yS^^HAla = CH3 , R^= H , H Ala 

R^= CH(CH3)2, /9 “ HVal R^= CH(CH3)2 , R^=H , ^ - HVal 

R' = CH2CH(CH3)2 , HLeu R'= CH^WCH^iz, R^= H . j 9 "- HLeu 

R”':: CH3 , R^= CH3,aminopivalic acid 


Chiral^ cyclic to -amino acids 
^ COOH 

H2N 

t fans“ 2 —ammo trans- 2 -amino trans — A-amino 

cyclopentonecarboxylic cydohexanecarboxylic cyclohexanecarboxylic 

acid acid 

Figure 1. Structures of achiral unsubstituted cy-araino acids, chiral, 
acyclic, substituted /d-amino acids and cyclic cy-amino acids. 


ty-Amino acids are widespread in nature and are me- 
tabolically derived in diverse organisms. ^-Alanine (jS- 
Ala) occurs widely in the animal and plant kingdoms. 
Representative ^-Ala containing natural peptides^® in¬ 
clude carnosine^\ efrapeptin^^ roseotoxin^^ and leuci- 
nostatin^"^. /3-Ala is also a constituent of the vitamin 
pantothenic acid. y-Aminobutyric acid (y-Abu) is found 
in the mammalian brain^^, where it is enzymatically pro¬ 
duced and functions as a neurotransmitter^^. Isolation of 
(5-aminovaleric acid derived from rumen ciliate protozoa 
has been reported^^. The occurrence of y-Abu and higher 
homologs in natural peptides have not yet been docu¬ 
mented. The formation of peptide bonds using side 
chain amino/carboxyl functions of some trifunctional 
amino acids like Asp, Glu, Lys and a,y-diamino butyric 
acid (Dab) leads to peptides containing substituted O)- 
amino acids. Some important examples of peptide bond 
(isopeptide) formation, involving side chains include 
glutathione'^ calbindin^^ fibrinogen^^ and polymyxin 
A particularly intriguing example is the case of the 
antigenic, capsular polypeptide, poly(y-D-Glu), pro¬ 
duced by Bacillus subtilis and Bacillus anthracis^^. 
Isopeptide bond formation is also a feature in clavice- 
pamines, lysine rich basic proteins isolated from sapro¬ 
phytic culture of ergot, which show anti-cell 


proliferative activity^^. In recent years, considerable 
effort has been expended in research directed to enhance 
stability and/or potency of physiologically-active pep¬ 
tides. Increased stability towards enzymatic degradation 
may be achieved by incorporating a>-amino acids that 
are not normally substrates for proteolytic enzymes^"^. A 
number of reports describe the incorporation of £t>-amino 
acids into bioactive peptides^^. A particular interesting 
example is the replacement of Glyl6~Glyl7 by d- 
aminovaleric acid (d-Ava) in bovine pancreatic trypsin 
inhibitor (BPTI) using semisynthesis, resulting in dimin¬ 
ished inhibition of trypsin^*^. 

There have also been many reports of synthetic incor¬ 
poration of ct^-amino acids into structurally-interesting 
peptides and polypeptides. Considerable attention has 
been focused on polymers of co-amino acids. Polyamides 
derived from co-amino acids assume special importance 
because of the extensive interest in nylons^. While ^-Ala 
and its achiral higher homologs are readily available and 
can be easily incorporated into peptides, chiral substi¬ 
tuted yS-amino acids pose a greater problem, requiring 
efficient synthesis of chiral starting materials, an area of 
great current activity^"^’^^. A convenient synthetic strat¬ 
egy involves Arndt-Eistert homologation of diazo ke¬ 
tones derived from the chiral c3:-amino acids and 
subsequent incorporation into peptides (Figure 2). Syn¬ 
thetic routes to cyclic ^-amino acids containing five and 
six-membered rings of defined stereochemistry have 
been reported^^’^^. The use of readily available chiral 
trifunctional amino acids like Dab, Glu, Orn and Lys 
provides an entry to backbone substituted derivatives of 
peptides containing higher a)-amino acids. 



LCFaCOOHpj o 
EDC,HOBl 2 . 

O O 

H ‘ H 

Figure 2. Synthetic scheme for preparation of chiral /S-aihino acids 
(fromref, 1). 
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The stereochemistry of co-amino acid-containing 
peptides 

Conformations of a polypeptide backbone made up of 
only a-amino acids are defined by three sets of torsion 
angles xp and co (ref. 30). The torsion angle about the 
peptide bond is generally limited to a trans geometry 
(co = 180°), with a cis (co = 0°) conformation being 
rarely found in peptides and proteins. Non-bonded inter¬ 
actions dictate polypeptide backbone folding, resulting 
in the restriction that the (p, tp values lie within the steri- 
cally-allowed regions of the Ramachandran map^‘. Due 
to the insertion of one or more methylene groups be¬ 
tween the N and C“-atoms of glycine, the accessible 
conformational space for co-amino acid residues is 
greater than that for the a-amino acids, when incorpo¬ 
rated into peptide chains. The nomenclature for the 
backbone torsion angles in to-amino acids is introduced 
in Figure 3. The C“-CO bond is designated as ip, while 
N—bond is designated as ^ in the co-amino acids. The 
C—C torsion angles along the polymethylene chains are 
defined as 6„, with numbering beginning from the N- 
terrainus*. Figure 3 also illustrates the structural simi¬ 
larity between (Gly)„ segments (where n-2, 3) and cor¬ 
responding co-amino acids. It also depicts the 
substitution of a (Gly )3 segment in a polypeptide chain 
with a /?-alanyl-y-aminobutyryl unit. This kind of re¬ 
placement can be termed as homomorphous, with the 
number of atoms in the co-amino acid containing moiety 
being exactly the same as the number of atoms in the 
peptide segment that has been replaced^^. In co-amino 
acids, the torsion angles about C-C bonds of the poly- 
methylene chain can lie close to the gauche (0 = ± 60°) 
and trans (0=180°) conformations. Folded structures 
can be readily obtained by populating gauche confor¬ 
mations. 

Peptide crystal structures 

There are relatively few reports of crystal structure de¬ 
terminations of peptides containing co-amino acids, with 
j3-Ala being most widely investigated. Table 1 lists 
backbone conformational parameters observed in crystal 
structures. In the case of yS-Ala, there are fourteen and 
nine examples for gauche and trans conformations, res- 


*This nomenclature has the advantage that the backbone conforma¬ 
tion is defined by the values of 0,,, read sequentially from the N- 
terminus to the C-terminus, following the same order as the <p, 
angles. Alternative definitions, involving sequential labelling of the 
C—C torsion angles from the C-terminus C -carbon (for example, the 
C“-C^ torsion angle is denoted in the early literature as jU] or X\) are 
less convenient, because the numbering of the polymethylene dihe¬ 
dral angles runs opposite to the numbering of the 0, yj dihedral an¬ 
gles in peptide chains, where the residues are sequentially numbered 
from N- to C-terminus. 
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Figure 3. Definition of backbone torsion angles, n, Gly residue in a 
Gly-Gly segment.d-amino valeryl (d-Ava) residue. Note that the 
number of atoms bridging the two flanking peptide units is the same 
in (a) and (b). c, (Gly )3 segment, d, /3-Ala-y-Abu segment, e, 7- 
amino-heptanoyl residue. Note that (rf) and (e) are formally homo¬ 
morphous with (c). 

pectively. There are only a limited number of examples 
of structure determinations of y-Abu and 5-Ava, e-Acp 
in peptides. Table 1 reveals occurrence of both gauche 
and trans conformations in the higher co-amino acids 
also. While the observation of gauche forms in cyclic, 
peptides is unsurprising because of the constraints of 
ring closure, the adoption of 0 values neat: ± 60° in 
acyclic peptides is a clear indicator of the intrinsic ten¬ 
dency of the polymethylene units to fold into compact 
conformations. Indeed theoretical calculations on succi- 
namide^^’^"^, glutaramide^^ and adipamide^"^ suggest that 
gauche conformations are predominantly favoured. Evi¬ 
dence for folded conformations in solution for simple 
amides derived from /3-Ala and y-Abu has been re- 
ported^^ Figure 4 illustrates two helical peptide struc¬ 
tures which contain a centrally positioned j3-Ala*-y-Abu 
segment, that is formally homomorphous to a (Gly )3 
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Table 1. Torsional angles 0, and tp of o- 

■amino acids in derivatives and peptides 


Residue(s) 

Compounds 

Torsion angles (deg.) 

References 

/3-Ala 

LeucinostatinA, acyclic nonapeptide 

= -103, 9 = 80,1/' =-78 

69 

/3-Ala 

Boc-Aib-zS-Ala-Aib-OMe 

0 = -87, 9 = -177.2, ■!/) = 91.1 

70 

y3-Ala 

Carnosine(/S-Ala--L-His) 

6>=:-177,V^ = -38 

71 

/3-Ala 

Carnosine(/3-Ala-L’His) 

9 = -177.4,V'= 141.2 

72 

^-Ala 

/S-^jAIanine (Zwitterionic) 

9 =-154.8 

73 

/3-Ala 

N -Boc-/ 3 -Ala-(L)-Ala-NHCH 3 

= 130.57, 9 =-150.2,1/'=-109.45 

74 

yS-Ala 

Cycle (Pro-Phe-Phe-/3-Ala-/3-Ala) 

P-A\a4: (|) = 71, 9 = 79, t/' = -106, p-Ala5: t = 171, 

6 ) =-70. V = 157 

75 

/3-AIa 

Acetyl-(Gly~/ 3 -AIa )2 NH Propyl 

^-Ala2: <p = 169,. 9 = 180, V- = -164 
/3-Ala4:56= 175,. 9 =-177, V-=-171 

76 

^-Ala 

3-ammonium propionic acid monohydrogen 
phosphite (H 3 NCH 2 H 4 C 02 H)(HP 03 H) 

9 = -48.5 

77 

/3-Ala 

Cyclo [l-S er(0-tB u)-/3-Ala-Gly-L-/3 As p(OMe)] 

^ = -103.4, 9 = -57.6, ■^ = 69.1 

78 

/3-Ala 

/3-Alanylciliatine 

9 = 66 . 1 , 1 /) = -157 

79 

/3-AIa 

Cyclo(L-Pro-L-Phe-/3-Ala-/3-Ala) 

Mol,A;/3-Ala3:(/) =-133.9, 

9 = 63.6, V) =-170;/3-Ala4: 

(j>= 133, 9 = 70.4,1/) = -103.5 

Mol.B;/3-Ala3:?!) =-140.4, 

9 = 61.9,^ =-167.2;/3-Ala4; 

^ = 104.2, 9 = 72.4, ^ = -98.1 

80 

/3-Ala 

(a) Boc-L-Ala-/l-Ala-NHMe 

(b) Boc-Aib-/3-Ala-NHMe 

(c) Boc-Aib-Aib-/9-Ala-NHMe 

(a) (p = 136, 9 = -175,8, f = -163.4 

(b) (/)=-132.8, 9 = 165,1/) = 131.7 

(c) 0=-88,9 = 71,-^ = -101.3 

81 

^-Ala 

cyclo(Pro- /3-Ala-Pro- /3-Ala) 

/3 Ala2: 0 = 105, 9 = 57.8, i/) = - 157.4 
/3 Ala4: 0 = 81.6, 9 = 64.4, i/) = -158 

82 

/3-Ala 

Boc-)3-Ala-Leu-Aib-Val-OMe 

/S Ala: ?1 =-78, 9 = 173 ,i/)= 103 

83 

^-Ala 

cyclo(Pro-Pro-/3-Ala-/3-Ala) 

/3 Ala3: (p = 76.2, 9 = 62,5, i/) = - 143.5 
/3Ala4:^ = -101.6, 9 = 52.2, i/) = 89.3 

84 

y-Abu 

y-Aminobutyric acid (zwitterionic) 

9i = 175.9, 92 = -67.6 

85 

y-Abu 

y-Aminobutyric acid hydrochloride 

9^ =-177.6, 92 = -169.3 

86 

y-Abu 

(a) Copper(II)-di-y-amino butyrate 

(a) 9t =-178.7, 92 = 58.9 



(b) Copper(n)-di-y-aminobutyrate dihydrate 

(b) 9i =-175.6, 92 = -173.7 

87 

(a) /3-AIa (b) y-Abu 

B oc-Leu-Aib-V al-/3-AIa-y-Abu- 
Leu-Aib-Val-OMe 

(a) ?>=-130, 9 = 76,1!)= -162 

(b) (p = -108, 9i = 58, 92 = 66 1 /) = - 169 

37 

(a)/3-Ala (b) y-Abu 

B oc-Leu-Aib-V al-/3-AIa-y-Abu- 
Leu-Aib-Val-Ala-Leu-Aib-OMe 

(a) 0 =-103, 9 = 78,^ =-107 

(b) (/)=-121,9i = 57, 92 = 621/) = - 121 

37 

y-Abu 

(a) y-Aminobutyric acid choline ester diiodide 

(b) y-Aminobutyric acid choline ester (±)tartarate 

(a) 9, =-179.7, 92 = 71.8,1/)= 178.5 

(b) 9, =-70, 92= 177, i/)= 176 

88 

(5-Ava 

Cyclo(L-Leu 1 -L-Tyr2-d - A va3-d - Ava4) 

Crystal A (acetone/DMSO) 

9-Ava3: (p = 138, 9i = 178, 92 = 177, 0^ = 59, 

1 /) = -117, (5-Ava4; p = -ll8,0i= 66 , 02 = -177, 

0 j =177,1/) = -150 

Crystal A (aoetone/HaO): 

(5-Ava3:</>= 175, 9i = 94 

92 = 178, 9., = 64,1/) =-132 

9-Ava4: </) = -108, 9, = 61, 

92 = -176'93 =177,1/) = -140 

89 

(5-Ava 

Cyclo[Gly-Pro-Ser(0*Bu)-Gly-5-Ava] 

0= 113, 9| =-49.5, 92 = -82.78 

02 = 168.86, i!) =-88.47 

90 

Acp 

e-Aminocaproic acid (zwitterionic) 

9| = 176, 92 =-106.83 63 =-171.44, 9^ =-41.58 

43 

Acp 

Boc-Tyr-Ala-Leu-Aib-Val-Ala-Leu-Acp-QMe 

p = -94, 9i = -70, 92 = 173, 63 = -164, 

9^=-21 ,10 = 94 

40 

Acp 

B oc-L-V al-L-Ala-L-Leu-Aib-L-V al-L-Ala-t- 
Leu-Acp-D - Val-D-Ala-D-Leu-Aib-D-Val-D- 
Ala-D-Leu-OMe 

I* = -96, 0, = -65, 02 = -51, 93 = -53, 0^ = -63, 

i/) = -102 

40 

Acp 

B oc-L-V al-L-Ala-L-Leu-Aib-L-V al-L-Ala-L- 

Leu-Acp-L-Val-L-Ala-L-Leu-Aib-L-Val-L- 

Ala-L-Leu-OMe 

p = 117, 9, =-62, 92 = -164, 93 =-162, 

94 =-63,10=124 

39 
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a 


Figure 4. a, Molecular structure of the octapeptide Boc-Leu-Aib~Val-^-AIa-y-Abu-Leu-Aib-Val-OMe determined in 
crystals^. There is a helix reversal at Aib(7), resulting in a Schellman motif, with a 6->l hydrogen bond between N(8) and 
0(3). The darkened back-bone atoms represent the carbon atoms of the extra CH 2 group in /S-Ala (C4b) and y-Abu (C5b and 
C5g) and C7a of Aib7, the site of helix sense reversal, h. Molecular structure of a undecapeptide Boc-Leu-Aib-Val-/3-Ala-y- 
Abu-Leu-Aib-Val-Ala-Leu-Aib-OMe determined in crystals^. The structure is a mixed Sio/a-helix without a helix reversal 
as seen in («). The darkened atoms are the same as in {a). 



Figure 5. A comparison of peptide structures containing central 
Gly-Gly.and (5-Ava segments (left). Conformation in: crystals of 
Boc~Leu-Aib-Val-Gly-Gly-Leu-Aib~Val-OMe^^ (right). An NMR- 
derived structure for the analog Boc-Leu-Aib-Val-d-Ava-Leu-Aib- 
Val-OMe^^. The central (5-Ava residue is darkened and methylene 
hydrogens are indicated. 

unit^. In both sequences, helical folding is driven by the 
presence of a-aminoisobutyryl (Aib) residues^^. The 


additional methylene groups are comfortably accommo¬ 
dated within the helical fold with a corresponding 
change in the number of atoms in the hydrogen bonded 
rings (11, 12, 16 and 19-membered hydrogen bonded 
rings are observed). The retention of helical conforma¬ 
tions in solution for the peptide Boc-Leu-Aib-Val-yS- 
Al a-y-Abu-Leu-Aib*-Val-Ala-Leu-Aib-OMe^ is evi¬ 
dent from NMR studies in CDCI3. The adoption of 
gauche conformations about C-C bonds is a key feature 
permitting incorporation of polymethylene units into a 
helical fold in both solid states and iii solution^. While 
no crystal structure determinations are available for 
acyclic d-Ava containing peptides, an NMR study of a 
model heptapeptide with a centrally-located (5-Ava resi¬ 
due reveals a 3io helical conformation^^ (Figure 5). Fig¬ 
ure 5 also shows the crystal structure of an octapeptide 
with a centrally positioned Gly-Gly segment (left 
panel)^^. In this case d-Ava, which is formally homo- 
morphous with a Gly-Gly segment is accommodated 
into a helical fold with modelled dihedral angles of 
01 =-64°, 02= 176°, 03 = -59°, V^ = -45°. e- 
Aep has been used as a flexible linker in the synthetic 
construction of helix-helix motifs in peptides^^’'^^; 
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Figure 6. Two examples of crystalline peptides containing a central 
Aep residue^*’. A superposition of the 15-residue peptide structures 
Boc-Val-Ala-Leu-Aib-Val-Ala-Leu-Acp-Val-Ala-Leu-Aib-Val- 
Ala-Leu-(L,L-peptide, all chiral residues have the same L- 
configuration) and Boc—L-Val—L-Ala—L~Leu—Aib~L-Val—L-Ala—L- 
Leu-Acp-D-Val-D-Ala-D-Leu-Aib-D-Val-D-Ala-D-Leu-OMe (l, d 
peptide). The e-Acp conformations in the two peptides are different 
(Table 1). 

Figure 6 illustrates a comparison of structure determi¬ 
nations of two 15-residue peptides containing two inde¬ 
pendent helical modules, separated by an £-Acp residue. 
In one case, both modules are right-handed helices 
formed by L-amino acids (designated as L,L-peptide) 
while in the other the two helical modules have opposite 
screw senses (designated as L,D-peptide). A superposi¬ 
tion of these structures, viewed down the helix axis, is 
shown in Figure 5. In both cases the Aep linker is par¬ 
tially extended breaking the polypeptide chain into two 
segments. The conformational variability of the 6-Acp 
segment is clearly seen in a comparison of three differ¬ 
ent crystal structure determinations shown in Figure 7. 

The examples described thus far have oj-amino acids 
incorporated into heteromeric sequences. The nature of 
the structures formed by homooligopeptides of a)-amino 
acids is of special interest, since new hydrogen bonding 
patterns unobserved in poly a-amino acids are possible. 
Figure 8 shows possible hydrogen bonding patterns that 
may be considered for helical structures formed by /3- 
amino acid oligomers. In /?-Ala itself, the central C-C 
bond is unconstrained and can adopt 6 values of ap¬ 
proximately ± 60^^ {gauche ) and ± 180° {trans). Severe 
constraints on the value of 9 may be imposed in the 
cyclic ^-amino acids. Spectacular success in generating 
novel helical folds has been achieved by Gellman and 
coworkers as revealed by the crystal structures of 
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Figure 7. Observed e-Acp conformations in three independent pep¬ 
tide crystal structures, a, IS-residue l,l peptide; 15-residue l,d 
peptide. Sequences in Figure 5 legend, c, Boc-Tyr-Ala-Leu-Aib- 
Val-Ala-Leu-Acp-OMe . 

homooligomeric ^-peptides of trans 2-aminocyclo- 
hexanecarboxylic acid, and trans 2-aminocyclopentane- 
carboxylic acid respectively'^’^ The former peptide 
forms a ‘14-helix’ with 14-membered hydrogen bonded 
rings (Figure 9), whereas the latter peptide adopts a ‘12- 
helix’ structure, in which 12-membered hydrogen 
bonded rings are formed. The preservation of ‘12-helix’ 
structures in solution for the oligomers of trans 2- 
aminocyclopentanecarboxylic acid is confirmed by the 
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Fif'iirc 8. ScliL'inatic representation of putative intramolecular hydrogen bonding schemes in oligomeric ^-alanine peptides. The niimhcrs rep- 
rescni ihe number of atoms in the hydrogen bond ring. 


a 


b 


c 



Figure 9. Three independent helical molecules observed in the crystal structure of a hexapeptide derived from trans l-aminocyclohexane-2- 
carboxylic acid. The hydrogen bonding scheme corresponds to a ‘14-helix’ (ref. 4), 


observation of characteristic NOE data^. Restriction of 
conformational freedom about the C“-C^ bond in acyclic 
^-amino acids is also imposed by substituents at the 
and atoms. The elegant work of Seebach and co¬ 
workers has provided an entry to oligomeric peptides 
containing chiral, substituted /?-amino acids^’'^^ NMR 
and model-building studies clearly demonstrate helical 
structures. The amino acid rran5'-4-aminocyclohexane 
carboxylic acid, a conformationally restricted analog of 
(5-Ava has been used to replace the Gly(2)-Gly(3) seg¬ 
ment in dynorphin Crystal structures are as yet un¬ 
available for peptides containing this residue. These 
recent developments suggest that a>-amino acids are of 
great promise in peptide design and may permit con¬ 
struction of novel folding units, Toldamers’"^, in which 
backbone stereochemistry can be modulated in a rational 
manner. 

Polymers of cu-amino acids 

Table 2 summarizes representative studies on achiral 
polyamides related to nylons. The parent poly a-amino 
acid, poly(Gly), has been shown to exist in two struc- 
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tural forms. Form I is an extended ^-sheet structure"^^ 
while form II is a semi-extended collagen type helix'^'^’'^^. 
Poly /3-Ala, the simplest member of the nylon family, 
has also been shown to exist in at least two forms. X-ray 
powder diffraction analysis suggests that in both forms 
interchain hydrogen bonded sheet type structures are 
formed"^^. The absence of high quality fibre diffraction 
data limits the structural characterization of these poly¬ 
meric materials. A preliminary NMR study of polyOS- 
Ala) was interpreted in terms of absence of ordered sec¬ 
ondary structure in solution"^^. Munoz-Guerra and co¬ 
workers have carried out extensive analysis of the 
heteromeric polypeptide, poly(Gly”/?-Ala)'^^’'^^, charac¬ 
terizing multiple forms, all of which adopt structures 
stabilized by interchain hydrogen bonds. Sheet-like hy¬ 
drogen bonded arrays have also been favoured for poly- 
(fi-Acp) (nylon-6)^°. An important point to note is that in 
the case of the unsubstituted poly-c9-amino acids there is 
no compelling evidence for intramolecularly hydrogen 
bonded helical structures, requiring folded conforma¬ 
tions-about C-C bonds, as described in the preceding 
section for small peptides. 

Polymers of chiral, substituted a>-amino acids do pro¬ 
vide evidence for the formation of helical folding pat- 
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Table 2. Polyamides related to nylons 

Compounds 

Methods 

Comments 

Poly (Gly) I 

X-ray powder diffraction and IR spectroscopy 

Commony3-sheet type structure^* 

Poly (Gly) II 

X-ray diffraction 

Collagen like helix with interchain hydrogen bonds, <(> = -78®, 
y) = +146° (ref. 44); </> = -76°, tp = +150° (ref. 45) for a left 
handed helical with a screw sense. 

Poly (|6-Ala) 1 

X-ray powder diffraction and electron 

Interchain hydrogen bonded sheet type structure with all 

(Nylon-3) 

microscopy 

carbonyls pointing in the same direction‘s^ 

Poly (/5-Ala) 11 

X-ray powder diffraction and electron 

Interchain hydrogen bonded sheet type structure with carbonyls 

(Nylon-3) 

microscopy 

pointing in the opposite directions in alternating planes 
of the Structure'S® 

Poly (/3-Ala) 

(Nylon-3) 

Proton magnetic resonance and deuterium 
exchange studies 

Lack of any ordered secondary structure in aqueous solution's*^. 

Poly (Gly-/3-Ala) 1 

X-ray (powder) and electron diffraction. 

Antiparallel interchain hydrogen bonded sheet type structure's^ 

Poly (Gly-/3-Ala) 1 

Electron microscopy and X-ray (powder) 
diffraction 

Antiparallel interchain hydrogen bonded sheet type structure's*^ 

Poly (Gly-/3-Ala) 11 

X-ray (powder) and electron diffraction. 

Poly glycine Il/collagen like helix with interchain 
hydrogen bonds'ss^ 

Poly (Gly-/3-Ala) 11 

Electron microscopy and X-ray (powder) 
diffraction 

Poly glycine Il/collagen like helix with interchain hydrogen 
bonus's* 

Poly (a-Acp) (Nylon 6) 

X-ray powder diffraction 

Interchain hydrogen bonded sheets^s> 


terns (Table 3). The naturally occurring poly(y-D-Glu), 
pi'oduced by Bacillus subtilis and Bacillus anthracis was 
the subject of early investigations. Based on ORD data 
Rydon suggested that poly(y-D-Glu) adopts ordered 
helical, forms at acidic pH, when the a-carboxyl group 
is unionized and noted the absence of structure in the 
ionized form. The precise nature of the helical form has 
not been established although Rydon proposes several 
intramolecularly hydrogen bonded structures^V Subse¬ 
quent CD studies of poly(y-D-Glu) and the enantiomeric 
polypeptide poly(y-L-Glu) have been interpreted in 
terms of ‘hypercoiled non-regular structure’ at low pH^^. 
In an attempt to investigate the role of the carboxyl 
substituent, Kovacs et al studied the co-polymer, poly- 
(y-D-Glu-y-Abu)^^. In this case the carboxyl substituent 
is absent in every alternate residue. No evidence for 
structure formation was obtained^^. CD studies of high 
molecular weight optically active poly[(S)-/?- 
aminobutyric acid] in fluoroalcohol solvents yield spec¬ 
tra which resembles those obtained from ^-sheet struc¬ 
tures of poly a-amino acids’*’'^. CD spectra of films cast 
from hexafluoroacetone hydrate or hexafluoroisopro- 
panol show an intense negative CD band at 212 nm with 
a positive band near 190 nm. Balasubramanian and co¬ 
workers have reported the synthesis and CD characteri¬ 
zation of polypeptides derived from chiral ( 2 >-amino 
acids (e.g, L-Orn and L-Lys)^^’*"*^. Structure formation has 
been demonstrated at high pH when the a-amino groups 
are uncharged. CD spectra with negative bands at about 
215-218 nm are observed, a feature that has been inter¬ 
preted in terms of ^-sheet formation. The interpretation 
of CD spectral features observed in poly-cu-amino acids 
in a manner similar to that for poly-a-amino acids is 
fraught with uncertainty. Differences in the arrange¬ 
ments of amide chromophores in these two types of 
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systems may complicate detailed interpretation. The 
poly(Q:-alkyl-/3-aspartates) are the best characterized 
polymers of y3-amino acids. In a series of detailed inves¬ 
tigation Munoz-Guerra, Subirana, Alleman and cowork¬ 
ers have used fibre diffraction data, polarized IR 
spectroscopy, molecular mechanics and quantum chemical 
calculations to characterize the nature of helical struc¬ 
tures that are formed in these derivatives of nylon-3 (ref 
57-63). While poly (/?-Ala), nylon-3, forms extended 
structures, the a-substituent in polyO^-L-Asp) promotes 
helical folding. The extensive studies of the Spanish 
group demonstrate that the poly(a-alkyl-^-L-aspartates) 
can adopt helical structures which are topologically 
similar to the a-helix formed by a-amino acids. The 
most stable structure is the 13/4 arrangement, which 
contains 3.25 residues per turn. Intramolecular hydrogen 
bonds are formed between NH/ and CO/+ 2 * yielding 14 
atoms within the hydrogen-bonded ring. Although both 
right- and left-handed structures are stereochemically 
possible, the right handed-screw sense appears to be 
favoured^^. The ‘13/4-helix’ has the conformational pa¬ 
rameters (p = -146.2°, ^ (6) = -59.8° and t/; = 128.8° and 
is practically identical to the ‘14-helix’ observed in the 
crystal structure of the /?-hexapeptide'^ derived from 
rra/i5'-2-aminocyclohexanecarboxylic acid (Figures 9 
and 10)"^. An important feature of this structure is that 
N-terminus NH groups interact with C-terminus CO 
groups, yielding a hydrogen bond and macroscopic di¬ 
pole moment directionality opposite to that in poly-a- 
amino acid helices. Poly-/3-amino acids are structurally 
more versatile, being capable of adopting energetically 
favourable structures with both types of hydrogen 
bonding schemes. Two alternate helical forms, a 17/4 
helix and 4/1-helix (an ideal integral helix with 4 resi¬ 
dues per turn) are also energetically feasible structures, 
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Table 3. Chiral a)-polypeptides derived from trifunctional amino acids 
Polymers (sequences) Methods used for structure determinations Comments 


PolyCy-D-Glu) 


Poly(y-L-Glu) 


Poly(y-D-glutamyl- 
y-aminobutyric acid) 
Poly [(S)-^- 
aminobutyric acid] 


Poly((5-L-ornithine) 


Poly(N“-Boc-(5-L- 

ornithine) 

Poly(£“L~lysine) 


PolyO^-L-Asp) 


Poly(a-isobutyl- 

L-Asp) 

Poly(a-isobutyl- 

L-Asp) 

Poly(a-isobutyl- 

L-Asp) 

Poly(a-/i-butyl- 

/3-L-aspartate) 


ORD (a) Un-ionized form: 

ao = 295°, /?o= -226“ Xo = 197 m^L 

(b) ionized form: ao = -111°, ^c= 222 mfx 

CD; (a) at pH 7: = 217nin, [0] = 2.7 X 10^ at 

cross over point \ = 207 nm, at A max = 190 nin, 

[0] =-10 X 10^ 

(b) at pH 2; Amax = 201 nm, [0] = 12 x 10^ at 
cross over point A = 195 nm, at A max =190 nm, 

[0] =-2S X 10^ 

CD at pH 2: Amax = 212 nm, [0]m= =-14 X 10^ 

CD at 70% aqueous HFA: Amax = 212 nm, 

[0]^^ = «-48 X 10^ and Amax = 191 nm 
[0 ]m = «42 X 10^ 

CD at pH 12, Amax = 215 nm, residue molar 
ellipticity = -1.5 X 10^ cross over point A - 205 nm 

CD in methanol: Amax = 217 nm, residue molar 
ellipticity = -5x10^ and at Amax = 203 nm, residue 
molar ellipticity =-8.6 x 10^ 

CD (a) at high pH there is a negative band centered 
at 215 nm and the cross over point is 205 nm. 

(b) at pH <4 only one positive band centered around 
192 nm and [6>]m= H x 10^ 

CD at pH 12 doubly dichroic spectrum was 
observed with a small positive band at 218 nm 
{[ 6 ]m - 2.5 X 10^) and a large negative band near 
200 nm ([0 ]m = -15 x 10^) 

Fibre X-ray diffraction and model-building studies 

Fibre X-ray diffraction analysis and model-building 
studies + CD (in TFE: a negative peak at 189 nm 
and a positive band at 205 nm 

Model-building studies based on the fibre diffraction 
data previously obtained 
Molecular mechanics calculations and linked- 
atom-least-squares (LALS) refinements using X-ray 
fibre diffraction data 


Poly(a-alkyl- Polarized IR spectroscopic analysis (in polyethylene 

/3-L-aspartate)s oxide)+ model building based on fibre X-ray 

diffraction data 

Poly(a-alkyl- Quantum chemical calculations 

^-L-aspartate)s 


(a) helical in un-ionized state and two types of structures 
are proposed, (b) unordered structure in ionized form*'’’ 

(a) unordered structure at high pH and (b) hypercoiling of 
nonregular random coil structure are proposed at low pH^^ 


unordered structure^^ 
^-sheet type structure^'’ 


^-pleated sheet conformation; the decrease in intensity 
of the negative band at 215 nm with the lowering of 
pH indicates pH dependent conformational transition^^ 
Partially (40%) /5-pleated sheet type folding is 
proposed^^ 

(a) Antiparallel y5-sheet type conformation is preferred at 
high pH. (b) At low pH the structure is not typical random 
coil, but, there may be an electrostatically expanded chain 
due to the repulsion between the charged a-NH.i''" side chain 
groups^^ 

Un-ordered structure^^ 


Left-handed helical structure with 3.25 units per turn 
(13/4-helix)^’’ 

Two types of left handed helical structures were postulated: 
in one case 3.25 residues per turn and the other helix has 
4 residues per turn^^ 

Right-handed helical structures were proposed^’’ 

Two crystalline forms were found depending upon the 
preparation of the sample. For the hexagonal form a right- 
handed 13/4-helix (13 residues in 4 turns) composed of 14- 
membered hydrogen bonded rings was favoured while for the 
tetragonal form a right-handed 4/1-helix (4 residues per 
turn) was preferred^’ 

Right-handed 13/4-helicaI structure most favoured 
over the other possible helical structures'^ 

A right-handed helical conformation involving hydrogen 
bonds between NH groups of ith residues and C=0 groups 
of i + 2 residues is the most stable’’^ 


Polyamides derived from poly(/S-L-Asp) bearing long 
paraffinic sidechains are of special interest, because 
they give rise to ‘comb like’ polymers exhibiting novel 
physical properties. The fusion of rigid cylindrical 
backbones, with potentially fluid hydrocarbon 
sidechains, can give rise to interesting thermotropic 

, 64 

properties . 
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Prospects 

Insertion of co-amino acids selectively into peptides 
composed of a-amino acids permits the design of useful 
analogs, in which potentially scissile peptide bonds are 
replaced by C~C linkages. The ability of polymethylene 
chains to be accommodated into classical helical peptide 
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Figure 10. A comparison of the hydrogen bonding schemes and 
backbone dihedral angles in a single hydrogen bonded helical turn in 
(left) a ‘y^-foldamer’ 14-helix and (right) a-helix. (1. L. Karle, per¬ 
sonal communication). 

folding patterns augurs well for design of proteolytically 
stable analogs of important peptides in which helical 
conformations are critical for biological activity. Pep¬ 
tide structures in which peptide units are replaced by 
CH 2 -CH 2 linkages also allow investigations of the effect 
of intramolecular hydrogen bonds on secondary struc¬ 
ture stability. The use of tu-amino acids of variable 
chain length and the use of such residues in sequential 
positions, e.g. /J-Ala-y-Abu or y-Abu-/?-Ala, will permit 
the alteration of registry of hydrogen bonds in secondary 
structures. Oligomeric sequence of chiral, substituted co- 
amino acids are likely to yield important new informa¬ 
tion on polypeptide folding patterns. The recent success 
in generation of novel folds using oligomers of chiral 
substituted /?-amino acids is a pointer in this direction. 
Very convenient stereoselective synthetic routes for all 
four stereoisomers of a- and /3-substituted acyclic j3- 
amino acids have recently been reported^^. Considerable 
recent activity on the synthesis of chiral /3-peptides, in¬ 
cluding procedures for Arndt-Eistert homologation in 
the solid phase^^ promises to quickly provide entry to 
several classes of new structures. Stereoselective syn¬ 
thesis of y-substituted y-amino acids from the corre¬ 
sponding a-amino acids^^ holds future promise for the 
construction of peptides containing substituted, chiral y- 
amino acids. Schreiber and coworkers reported ‘10- 
helix’, ‘12-helix’ and antiparallel y3-sheet type structures 
in peptides containing a,/?-unsaturated y-amino acids*^^ 
The flurry of recent activity in structure determination 
of peptides containing 6f>-amino acids, together with ad¬ 
vances in synthetic methodology, suggests that several 
new folding patterns will soon be characterized for these 
systems. While initial studies on unsubstituted 
polyamides provided evidence only for extended 
polypeptide chains, aggregating into sheet-like struc¬ 
tures, introduction of backbone substituents appears to 


facilitate folding into new types of helical structures. 
Although most recent work has focused on ^-amino 
acids, it is clear that much uncharted territory remains to 
be explored in the case of the higher a>-amino acids. 
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Mantle plumes, narrow upwellings of hot rock, owe 
their origin to the instabilities of the thermal 
boundary layer either at 670 km depth or at the base 
of the mantle. These upwellings bring deep mantle 
material to the base of the lithosphere and are 
manifested on the earth’s surface by positive geoid, 
bathymetry/topography, heat flow anomalies, and 
extensive volcanism. The volcanism over a mantle 
plume occurs due to the partial melting of hot 
upwelling mantle as a result of decompression. The 
extent of partial melting depends on the convective 
velocities which are obtained through a fluid 
dynamical modelling approach. The partial melting 
introduces two important effects; the latent heat 
effect during melting cools the plume, thus reducing 
the degree of melting, and the melt removal reduces 
the density of the mantle residue thereby introducing 
convective instabilities in the system. The effect of 
these factors on the mantle dynamics and melting 
rate has been studied. The results indicate formation 
of a swell root of depleted residue above the plume at 
the base of lithosphere and reduction in the melt 
production rate with time-varying fluctuations. 


The uppermost rigid portion of the Earth, the 
lithosphere, is made up of a number of plates which 
interact with each other forming spreading, subduction, 
and transform boundaries. The tectonic activity and 
volcanism are confined mainly to these plate margins. 
However, volcanism also occurs in the interior of a plate 
remote from any boundary, e.g. Hawaiian volcanism in 
the Pacific plate^ The geochemical signatures of this 
volcanism are significantly different from those of mid- 
oceanic ridge basalts (MORB)l These centers of 
intraplate volcanism are called hotspots and are 
associated with positive geoid, topography, and heat 
flow anomalies. As an example, the Cape Verde hotspot 
on the African plate is associated with 7.6 m geoid, 
1900 m bathymetry, and 16mWm"^ heat flow 
anomaly^ Wilson"^ related this volcanism to elevated 
temperature at the base of the lithosphere. Morgan^ 
proposed that the hotspots are the surface expressions of 
hot narrow upwellings in the Earth’s mantle which 
convectively bring deep mantle material to the base of 
lithosphere. He called these mantle upwellings mantle 


plumes. Ever since extensive research has been carried 
out in this field to understand the origin of mantle 
plumes, mantle dynamics, physical properties of the 
mantle, and volume and composition of melts produced 
by plume melting^’^. In the absence of direct evidence 
for these narrow (~ 150 km diameter) mantle plumes, 
most of the work has been restricted to numerical and 
laboratory experiments, whose results have been 
compared with constraints from geophysical 
observations of geoid, topography, heat flow anomalies; 
magmatic underplating; geochemical signatures like 
major and rare earth elements concentration; and 
geochronological data on the dates and timing of 
volcanism. Recently, some success has been achieved in 
the detection of mantle plumes in upper mantle through 
seismic tomography^’®. 

A mantle plume is assumed to initiate as an instability 
in hot thermal boundary layer that grows to form large 
spherical blob (Figure 1). Once the blob becomes 
destabilized, it starts moving upward due to its thermal 
buoyancy. A narrow conduit connects the plume blob 
with the thermal boundary layer and supplies material to 
the blob. This type of plume initiation model was 
supported by laboratory experiments on glucose syrup^ 
in which a low viscosity syrup at SO'^C was injected at 
the base of the model tank filled with relatively high 
viscosity glucose syrup at 20°C. The most probable 
location of the thermal boundary layer is the core¬ 
mantle boundary region where temperature contrast of 
over lOOO^C exists between the lower mantle and the 
outer core*°. The lateral heterogeneity in a 200-300 km 
thick layer above the core-mantle boundary^labelled 
D'\ also supports this region as a probable source region 
of mantle plumes. However, the phase boundary 
between the upper and the lower mantle at 670 km depth 
perhaps inhibits subduction of lithospheric slabs into the 
lower mantle^^ resulting in ponding of subducted 
material at this boundary and in two-layered convection. 
The region around 670 km depth has also been proposed 
to represent a thermal boundary layer from which mantle 
plumes can originate. The geochemical signatures of 
volcanic rocks at hotspots support a model of two-layer 
convection, in which plumes from 670 km depth entrain 
some material from the lower mantle. 
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Figure 1. Results of a numerical computation to show initiation and 
subsequent evolution of a thermal plume in an axisymmetric cylinder 
for a highly temperature-dependent viscosity fluid heated from 
below. Frames a-d show the thermal structure at different times. 


The convective motions in the mantle induced by 
plumes have been analysed by employing numerical 
techniques in two-dimensional, three-dimensional, 
cylindrical, and spherical geometries. Starting from 
simple models of convection of a uniform viscosity fluid 
in a closed box heated from below^"^ to explain observed 
geoid and topography anomalies at hotspots, later 
models have grown in complexity and include highly 
temperature- and pressure-dependent viscosity, internal 
heating, plate motions, and melting in time-dependent 
convection. These experiments have been performed at 
the Rayleigh numbers representative of the earth’s 
mantle for both the two-layered and the whole mantle 
convection. Two very important mechanisms that have 
been considered in numerical studies of mantle 
dynamics are the role of the endothermic phase 
transition at 670 km depth, and the decompression 
plume melting. The 670 km depth phase transition 
opposes the flow of material across it, favouring a 
tendency towards layered convection in the mantle. 
Christensen and Yuen^^’^^ showed through numerical 
experiments on whole mantle convection with a phase 
transition that the tendency to layering increases with 
increasing Rayleigh number and the negativity of the 
Clapeyron slope. Recently, numerical results^ have 
shown that the mantle may episodically alternate 
between two-layered and single-layer convection. The 
transition from two-layered to single-layer convection in 
these models is marked by an avalanche of new plumes. 
Seismological observations at some subduction zones, 
where the slab penetrates through the phase boundary^'^ 
whereas it seems to remain in the upper mantle in other 
regions^^ and episodes of enhanced global volcanic 
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activity during the geological past^^ have been taken as 
evidence for such a hybrid behaviour of mantle 
convection. 

Melting at plumes provides another important 
constraint on their dynamics. The volume and 
composition of these melts help in constraining the 
depth and temperature of the melting zone. The volume 
of melt is estimated from the exposed volcanic rocks 
and the igneous rocks underplated at the Moho which 
are mapped by crustal seismic studies. The melt 
produced at plumes ascends to the Moho level. It, 
thereafter, gets trapped due to its relatively high density 
and only about one fourth of fractionated melt erupts on 
the surface as volcanics. White^® estimated melt 
production rates at hotspots based on this estimation and 
found that melt production rate varies from 0.24 kmVyr 
at Iceland to as low as 0.03 kmVyr at Cape Verde 
hotspot. McKenzie and Bickle^^ parameterized the 
experimental results on melting of garnet peridotite to 
get solidus and liquidus temperatures and then estimated 
the melt production during the decompression melting of 
up welling mantle at different adiabatic temperatures. 
White and McKenzie^^ correlated flood volcanism to the 
melting of a large blob of a starting mantle plume and 
suggested plume temperatures of 200-300*^0 higher than 
the normal mantle. Numerical codes have been 
developed to incorporate the effect of melting on the 
mantle dynamics. 

During the melting of an ascending plume, the 
buoyancy of the material changes due to the removal of 
melt from the matrix and due to the latent heat effect. 
The melt removal reduces the density of the residue, 
giving rise to an upward buoyancy which is termed 
mantle depletion buoyancy. The latent heat effect 
reduces the temperature of the residue upon melting, 
giving a negative buoyancy component. These buoyancy 
effects alter the flow of plume material at the base of the 
lithosphere. These effects have been mainly analysed in 
the models of spreading ridges to explain the 
narrowness of the zone of crustal production^^"^^. In 
plume-lithosphere interaction models, Watson and 
McKenzie^^ and Farnetani and Richards^^ studied the 
effect of latent heat on the plume flow and melt 
production. Recently, Phipps Morgan et have 

discussed a one-dimensional model of the Hawaiian 
swell root formation including the effect of mantle 
depletion buoyancy. Dupeyrat et al?^ studied the 
depletion buoyancy effect in a two-dimensional 
isoviscous model. We have carried out work to analyse 
the effect of latent heat and mantle depletion buoyancy 
on the rate of melting and plume flow in the 
asthenosphere taking pressure- and temperature- 
dependent viscosity^^. These results are summarized in 
this article. We first briefly describe the equations 
relevant for the fluid dynamical modelling and then 
discuss the steps involved in the calculation of the melt 
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production rate. The inferences derived from the 
modelling study are summarized at the end. 

Fluid dynamical modelling 

The convective circulation in the mantle induced by 
plumes' is modelled by using a fluid dynamical 
modelling approach as used in the studies related to 
engineering applications. An important difference is that 
the mantle convects in solid state, meaning that the 
mantle behaves as a fluid in geological times but is solid 
on short time scales. However, melting of mantle is 
possible. An important consequence is that for the 
Earth’s mantle the Prandtl number is of order 10^^, 
which simplifies the general Navier-Stoke’s equation by 
allowing to ignore the inertial terms. Under the assump¬ 
tion of incompressible convection of a Boussinesq fluid, 
the momentum and incompressibility conditions are 
given by^^ 


V ‘p =V: r+ p g, 

(1) 

o' 

II 

s 

> 

(2) 


respectively, where u is the velocity vector, r is the 
deviatoric stress tensor, p is the pressure, and g is the 
gravity acceleration. 

In the momentum equation (eq. 1), the stress tensor r 
is related to the strain rate tensor e through the 
constitutive rheological law^* 

Ty =27](p,T,C,e)Sij, ( 3 ) 

and the strain rate is related to the velocity by 

ey^^{diUj+djUi). (4) 

In plume-induced mantle convection, the circulation is 
mainly driven by the thermal buoyancy. Therefore, one 
needs to solve the energy equation 

pCj,d,T+u • Vr= V^(kVT) + Q, (5) 

where T is the temperature, Cp is the specific heat, k is 
the thermal conductivity, and Q is the rate of volumetric 
heat generation. 

The thermal and mantle depletion buoyancy 
contributions are included by computing the density 
variation from 

p=Po[l+aUo-r)-"i3Z)], (6) 

where po and Tq are the reference density and reference 
temperature, respectively, ^ is the chemical buoyancy 
coefficient^^ and D is the degree of depletion. 
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Melt generation 

McKenzie and Bickle^^ synthesized the experimental 
results on melting of garnet peridotite and obtained a 
parameterized form of the solidus and liquidus curves 
for mantle rocks as 

P = (7,- 1100)7136 + 4.968 X 10"^ 

exp(1.2 X IQ-^CTs- 1100)), (7) 

7/= 1736.2 + 4.343 P+180 tan"^(P/2.2169) (8) 

for quantification of melt production (Figure 2). In the 
above equations, P is the pressure in GPa, 7s is the 
solidus temperature, and T\ is the liquidus temperature. 
They also obtained an empirical relation between the 
melt fraction and temperature which is given as 

X - 0.5 = r* + [{T*f - 0.25](0.4256 + 2.9887*), (9) 

where X is the melt fraction and 7* is given by 

^,^ 7-273-(7,+ 71)72 
75 - 7 , 

During the melting process, some amount of heat is 
absorbed due to the latent heat effect reducing the 


Temperature [C] 

1000 1250 1500 1750 2000 2250 



Figure 2. Melt production rate curves after McKenzie and Bickle^’ 
but for the entropy change of 400 J/kg K. Ts and T\ are the solidus 
and liquidus curves for garnet peridotite and the dashed curves are 
the isolines of constant melt fraction. The lines marked by different 
temperature values, e.g. 1300®C are the adiabatic temperatures which 
become curved during melting due to the latent heat effect. 
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Figure 3. Plume convection under a 96 km thick lithosphere at 40 m.y. time. The results are: a, temperature and flow beneath the lithosphere; 
h, degree of depletion of mantle residue in the absence of chemical buoyancy effect; c, temperature and flow, and d, degree of depletion for the 
same case including the effect of chemical buoyancy. 


temperature of the medium and hence the melt 
production. This effect is not included in eq. (9). 
McKenzie^^ applied this correction in melting 
calculations under the assumption of constant entropy of 
melting. Since a direct implementation of such latent 
heat-corrected melting calculation is computationally 
tedious, Watson and McKenzie^^ suggested a 
parameterized form of the latent heat correction for use 
in melting calculations in mantle convection codes. We 
computed our results using the above parameterization, 
but with a value of 400 J/kg K for the entropy change 
during melting instead of 250 J/kg K as used by Watson 
and McKenzie^^ in their original calculations. We 
computed melting using a Lagrangian tracer particle 
method^ ^ 

Results 

We studied the effect of mantle depletion buoyancy on 
the melting and mantle dynamics using a two- 
dimensional spline-based finite element program. The 
main results of our computations are summarized here. 


In our computations the viscosity was highly pressure- 
and temperature-dependent. The results were computed 
for different cases of lithospheric thicknesses but only 
the results for the case of thick lithosphere of 96 km are 
presented here. Figure 3 shows the temperature, flow, 
and melt fraction at 40 m.y. time without (a, b) and with 
(c, d) the effect of depletion buoyancy. The results 
indicate the formation of a thick root at the base of the 
lithosphere in presence of depletion buoyancy effect. 
The flow in presence of depletion buoyancy has small- 
scale instabilities sinking from the base of the 
lithosphere to the asthenosphere. 

The evolution of the rate of melt production with time 
for lithospheric thicknesses of 60 and 96 km, 
respectively, is shown in Figure 4. The results for the 
case of no depletion buoyancy are shown by the solid 
lines and those with the chemical buoyancy are shown 
by dashed lines. The melt production rate is 
significantly high for melting under thin lithosphere. In 
this case, melt production is initially high but gradually 
decreases when no chemical buoyancy is included. 
Inclusion of chemical buoyancy effect, however. 
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Figure 5. Depth integrated melt production rate as a function of 
distance from the plume-axis at 40 m.y. time for melting under 
96 km thick lithosphere to show a lateral shift with time in the zone 
of maximum mtxi production due to the formation of swell root (after 
Manglik and Christensen’®). 

enhances melting rate at initial times and significantly 
reduces melting at later times. For thick lithosphere 
case, in the absence of chemical buoyancy the melt 
production rate increases steadily with time and is 
smooth. In the presence of depletion buoyancy effect, 
the melt production rate decreases by 50%. This 
reduction in the melting rate is the result of 
accumulation and gravitational trapping of the depleted 
residue below the thinned lithosphere above the plume 
that inhibits further plume upwelling to shallow depth in 
the zone of melting. Also, the melt production rate 
significantly fluctuates with time in presence of 
depletion buoyancy. Another effect of the presence of 
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the depleted residue at the plume axis is the lateral shift 
in the zone of maximum melt production. This result for 
96 km thick lithosphere case is shown in Figure 5. The 
results were obtained by vertically integrating the melt 
production in different columns in lateral direction. The 
results show a lateral shift in the zone of maximum melt 
production with time. 


Conclusion 

These results can be summarized to state that the mantle 
depletion buoyancy effect significantly influences the 
flow of plume material by introducing small-scale 
instabilities in the asthenosphere and by forming a 
depleted swell root at the plume center inhibiting further 
upwelling. This results in the reduction in the melt 
production and a lateral shift in the volcanism. 

Although the numerical modelling of mantle 
convection with plumes has grown in complexity, there 
are still many unresolved issues, e.g. how to introduce 
plate boundaries in the modelling and how the 
continents influence the asthenospheric flow pattern. In 
the Indian context, the Deccan volcanism is one of the 
best examples of plume-lithosphere interaction. The 
three-dimensional studies of interaction of a starting 
plume with moving continental lithosphere undergoing 
stretching can be taken up in the future in order to 
understand the mantle dynamics and the tectonics of the 
western part of the Indian continent. 
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The systematics of fundamental particles and 
unstable nuclear systems using the concept of 
continuity and discreteness 


Raja Ramanna and Anju Sharma 

National Institute of Advanced Studies, Indian Institute of Science Campus, Bangalore 560 012, India 


In this review, a new method is proposed based on 
Cantor’s Theory of Cardinality to analyse the 
experimental data on unstable nuclear systems which 
includes fundamental particles and their flavours, /3- 
decay including spin and parity, a-decay and the 
systematics of the energy levels of light nuclei. The 
method also derives a formula for the binding 
energies of unstable nuclei. All this is based on the 
theory of discreteness and continuity. 


The earliest review on nuclear physics was written 
nearly sixty years ago by H. A. Bethe and his associates 
to explain various nuclear phenomena within the 
framework of quantum theory. The review which was 
published in a series of three articles incorporated a 
thorough and comprehensive study of the developments 
in the field of nuclear physics at that time. The review 
covered almost every aspect of the nucleus ranging from 
y-radioactivity, nuclear reactions, nuclear forces 
and many-body effects, etc. 

Bethe’s work was epoch-making and influenced all 
other research subsequent to his paper. For many years 
it was considered that the nuclear forces obtained by 
various experiments were sufficient to understand all 
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nuclear phenomena but unfortunately the strong many- 
body nature of the problem shifted the fundamental 
approach to the study of nuclear models and has been 
the approach of all later workers. Though enormous 
developments have taken place in nuclear sciences, such 
as the discovery of magic numbers, excited states of 
nuclei up to high energies, discovery of parity, to 
mention only a few that fall in this category, an overall 
picture of nuclear systems which includes fundamental 
particles is still incomplete and will probably remain as 
such. 

Even though there has been a continuous progress in 
dealing with nuclear systems and fundamental particles, 
there still is a lack of a coherent formulation which 
would permit an analysis of all observed phenomena in a 
fundamental way. In place of a single unifying theory, 
there are scattered islands of knowledge in a sea of 
seemingly uncorrelated observations. So far, attempts 
have been made to formulate several theories and 
models to understand various physical phenomena, 
which concentrate only on small sections of the 
observed behaviour. Experiments are often performed, 
guided by existing theories to mainly confirm certain 
features predicted by them, rather than making 

1083 




RESEARCH ARTICLES 


independent measurements. This process introduces 
some bias on the observations themselves, and as a 
result, features which can be explained in a simpler way, 
may be lost. It is therefore necessary to analyse and 
interpret the vast amount of experimental data which in 
itself carries a lot of information, e.g. the half-lives of 
all decaying systems and this can lead to new 
interpretations based on greater generalities. 

Duality in mass-time and Cantor theory 

In this review, a new phenomenological approach is 
used to unify various types of experimental 

measurements to understand the fundamental particle 
and nuclear aspects of physics. Nuclear data of decaying 
systems carry information about fundamental 

interactions through their emitted radiations like 
particles. Using only the masses and life-times of decaying 
systems, it is shown that the observed data can be fitted to a 
unified scheme based on some very fundamental 
considerations. This is done by correlating masses and life¬ 
times corresponding to different kinds of nuclear and 
particle systems through an equation of the form^ 

n/2^ =h/MT=^T/M, ( 1 ) 

where fi is the Planck’s constant divided by 2jr. M and T 
in the case of fundamental particles are the masses and 
mean life-times of decaying particles. In the cases of /?- 
emitting radio-nuclides, M and T denote the neutron 
mass and half-life of the decaying nucleus. M is taken to 
be the neutron mass because the yS-decay process in a 
nucleus can be effectively reduced to the decay of a 
neutron or a proton which have almost the same mass. 
For a-emitting radio-nuclides, M and T are chosen as the 
binding energy and half-life of the nucleus because the 
whole nucleus is involved in the process. Using the 
experimental values of M and T (refs 3, 4), the quantity 
n is calculated. Various properties of this crucial 
quantity are explained later. 

The choice of the particular equation (1) comes about 
from a deeper basis^ provided by the Cantor’s 
Continuum Theory which suggests discreteness and 
continuity through the concept of the denumerability and 
non-denumerability by comparison of the cardinalities 
of various sets, especially the infinite ones^. One of the 
principles of Cantor’s theory says that for a set having n 
elements, there always corresponds another set of 2^ ele¬ 
ments with a higher cardinality. In principle, the 
difference in cardinalities can give rise to ‘relative’ 
discreteness and continuity. The adjective ‘relative’ for 
discreteness and continuity, arises especially in the 
context of physical quantities. In reality, we cannot 
regard a physical quantity as absolutely discrete. The 
extent of elements of discreteness and continuity depends 
on the topology of the dimensions in the space-time 
domain of observation. Any discrete quantity can always 
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be transformed into a continuous one by the process of 
interpolation^. Hence, in principle, there would always 
be some degree of continuity involved in the discre¬ 
teness. The concept of wave-particle duality which says 
that for each (discrete) particle there is associated a 
(continuous) wave, also supports this argument. In other 
words, we shall be using here the notion of 
discreteness-continuity in preference to particle-wave 
concept because of its more universal behaviour. It is 
seen that using a wider interpretation in terms of 
discreteness-continuity motivated from the theorems of 
Cantor, one is able to cover a lot of data under one 
scheme. It is interesting to note that Cantor himself 
believed that cardinality could explain much of physics. 

Following the argument of the above paragraph, the 
width (F) or the spread of a line can be associated with 
more continuity (thus the higher cardinality) than that of 
the energy (E) of the levels. In other words,- the life-time 
of a system can be associated with a higher cardinality 
than that of its mass M. In this way, the ratio T/M 
(h/MT) which suggests a duality in mass and life-time 
can be related to niT as shown in eq. (1). 

The quantity n in eq. (1) can be taken as having 
integral values^. This can be easily seen to be the case 
from Table 1 which gives the deviation of the precise 
value of n from their nearest integral values for 
elementary particles. The use of integral values of n 
makes our analysis more transparent to study and 
interpret the data. The integralization of n in eq. (1) 
suggests some sort of a discreteness in the TIM ratios, a 
result which is also proved within the more conventional 
theory, the ‘Quark model’ (for details see ref. 8). The 
differences in the values of n and /lexact could arise from 
the experimental errors of the widths. 

The straight line plot of \og{fi/MT) versus n for 
elementary particles and a- and /?-emitters shown in 
Figure 1, clearly shows^ the sectorwise distribution of 
the integer n for different types of interactions with the 
presence of forbidden regions in-between. Thus the 
range of values of n turns out to be an indicator of 
strength of interaction in the decay process. The systems 
decaying through strong interactions correspond to 
values of n<10. The systems which decay through 
electromagnetic interactions have values of n lying 
between 10 and 40, while those decaying through weak 
forces have values of n > 40. As a result, most of the 
resonance particles lie in the region of « < 10, while 
only a few lie in the region of higher n. The a-, /3- 
emitting radionuclides have values of n > 40 because of 
their weak interacting nature. 

We now consider the quantity 

Po = -log(n/2”), (2) 

where n is an integer. Table 2 gives the values of n when 
p is very close to integers. 
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Table 1. Mass and widths of elementary particles and n values ordered according to flavours 


Particle 

identification 

Mass 

(MeV) 

Width 

(MeV) 

Wexact 

n 

D;j1 

(n - /lexact) 

Tt~ 

1.40E+03 

2.53E-13 

58.15 

58 

0.15 

Jt 

1.35E+03 

7.85E^05 

28.88 

29 

0.12 

V 

5,47E+03 

1.20E-02 

23.34 

23 

0.34 

pam 

7.70E+03 

1.51E+03 

4.52 

5 

0.48 

0) (782) 

7.82E+03 

8.43E+01 

9.82 

10 

0.18 

rj (958) 

9.58E+03 

2.01E+00 

16.23 

16 

0.23 

/o (980) 

9.80E+03 

2.20E+03 

4.23 

4 

0.23 

(980) 

9.82E+03 

1.76E+03 

4.71 

5 

0.29 

(p (1020) 

1.02E+04 

4.43E+01 

11.34 

11 

0.34 

hx (1170) 

1.17E+04 

3.60E+03 

3.50 

4 

0.50 

bx (1235) 

1.23E+04 

1.42E+03 

5.59 

6 

0.41 

ax (1260) 

1.23E+04 

4.00E+03 

3.36 

3 

0.36 

/2 (1270) 

1.28E+04 

1.85E+03 

5.14 

5 

0.14 

/i (1285) 

1.28E+04 

2.40E+02 

8.88 

9 

0.12 

7} (1295) 

1.30E+04 

5.30E+02 

7.51 

8 

0.49 

./b(1300) 

L25E+04 

2.75E+03 

4.27 

4 

0.27 

JT (1300) 

1.30E+04 

4.00E+03 

3.50 

4 

0.50 

a2 (1320) 

1.32E+04 

1.07E+03 

6.26 

6 

0.26 

/i (1420) 

1.43E+04 

5.20E+02 

7.72 

8 

0.28 

cu (1420) 

1.42E+04 

1.74E+03 

5.47 

5 

0.47 

7] (1440) 

.1.42E+04 

6,OOE+02 

7.46 

7 

0.46 

p (1450) 

1.47E+04 

3.10E+03 

4.36 

4 

0.36 

fx (1510) 

1.51E+04 

3.50E+02 

8.52 

9 

0.48 

/2 (1525) 

1.53E+04 

7.60E+02 

7.16 

7 

0.16 

/()(1590) 

1.58E+04 

1.80E+03 

5.62 

6 

0.38 

0) (1600) 

1.66E+04 

2.80E+03 

4.84 

5 

0.16 

CU3 (1670) 

1.67E+04 

1.73E+03 

5.80 

6 

,0.20 

7r2 (1670) 

1.67E+04 

2.40E+03 

5.16 

■5 

0.16 

(p (1680) 

1.68E+04 

1.50E+03 

6.08 

6 

0.08 

P3 (1690) 

1.69E+04 

2.15E+03 

5.40 

5 

0.40 

p (1700) 

1.70E+04 

2.35E+03 

5.24 

5 

0.24 

/i (1710) 

1.71E+04 

1.40E+03 

6.25 

6 

0.25 

^i»3 (1850) 

1.85E+04 

8.70E+02 

7.27 

7 

0.27 

h (2010) 

2.01E+04 

2.02E+03 

5.86 

6 

0.14 

A (2050) 

2.04E+04 

2.08E+03 

5.83 

6 

0.17 

h (2300) 

2.30E+04 

1.49E+03 

6.68 

7 

0.32 

fi (2340) 

2.34E-f04 

3.19E+03 

5.26 

5 

0.26 


4.94E+03 

5.33E-13 

58,91 

59 

0.09 


4.98E+03 

7.38E-11 

51.62 

52 

0.38 

Ki? 

4.98E+03 

1.27E-13 

61.04 

61 

0.04 

K* (892)^ 

8.92EH-03 

4.98E+02 

6.95 

7 

0.05 

(892)° 

8.96E+03 

5.05E+02 

6.94 

7 

0.06 

Kx (1270) 

1.27E+04 

9.00E+02 

6.52 

7 

0.48 

Kx (1400) 

1.40E+04 

1.74E+03 

5.45 

5 

0.45 

i<r*(1410) 

1.41E+04 

2.27E+03 

4.93 

5 

0.07 

/fo* (1430) 

1.43E+04 

2.87E+03 

4.47 

4 

0.47 

K2* (1430)- 

1.43E+04 

9.84E+02 

6.56 

7 

0.44 

K2* (1430)° 

1.43E+04 

L09E+03 

6.38 

6 

0.38 

K* (1680) 

1.71E+04 

3.23E+03 

4.60 

5 

0.40 . 

7^2 (1770) 

1.77E+04 

1.86E+03 

5.78 

6 

0.22 

A:3* (1780) 

1.77E+04 

1.64E+03 

6.01 

6 

0.01 

A:2 (1820) 

1.82E+04 

2.76E+03 

5.05 

5 

0.05. 

Ka* (2045) 

2.05E+04 

1.98E+03 

5.93 

6 

0.07 

D- 

1.87E+04 

6.24E>-09 

46.99 

47 

0.01 

D° 

1.86E+04 

1.59E-08 

45.60 

4.6 

0.40 

D* (2007)° 

2.01E+04 

2.10E+01 . 

13.67 

14 

0.33 

D* (2010)- 

2.01E+04 

1.31E+00 

18.07 

18 

0.07 

Dx {2420f 

2.42E+04 

1.80E+02 

10.45 

10 

0.45 

D2* (2460)° 

2.46E+04 

2.10E+02 

10.22 

10 

0.22 

D2 {2460f 

2.46E+04 

2.30E+02 

10.06 

10 

0,06 


1.97E+04 

1.41E-08 

45.86 

46 

0.14 

Contd.. 
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Table 1. (contd...) ___—__ 

Particle Mass Width 

identification (MeV) (MeV) nexact « «cxaci) 


As*"" 

2.11E+04 

4.50E+01 

12.51 

13 

0.49 

D,i (2536)'= 

2.54E+04 

2.30EH-01 

13.90 

14 

0.10 

5* 

5.28E+04 

4.28E-09 

49.10 

49 

0.10 


5.28E+04 

4.39E-09 

49.06 

49 

0.06 


5.38E+04 

4.92E-09 

48.92 

49 

0.08 

Vci^S) 

2.98E+04 

1.03E+02 

11.72 

12 

0.28 

M (15) 

3.10E+04 

8.80E-01 

19.37 

19 

0.37 

jp 

3.42E+04 

1.40E+02 

11.44 

11 

0.44 

IP 

3.51E+04 

8.80E+00 

15.95 

16 

0.05 

^c2 IP 

3.56E+04 

2.00E+01 

14.66 

15 

0.34 

i/'(2S) 

3.69E+04 

2.77E+00 

17.85 

18 

0.15 

yj (3770) 

3.77E+04 

2.36E+02 

10.74 

11 

0.26 

ip (4040) 

4.04E+04 

5.20E+02 

9.52 

10 

0.48 

ip (4160) 

4.16E+04 

7.80E+02 

8.88 

9 

0.12 

ip (4415) 

4.42E+04 

4.30E+02 

10.00 

10 

0.00 

y (IS) 

9.46E+04 

5.25E-01 

21.91 

22 

0.09 

y(2S) 

l.OOE+05 

4.40E-01 

22.27 

22 

0.27 

r (3S) 

T.04E+05 

2.63E-01 

23.11 

23 

0.11 

r (4S) 

1.06E+05 

2.38E+02 

12.42 

12 

0.42 

y (10860) 

1.09E+05 

l.lOE+03 

9.93 

10 

0.07 

y(11020) 

l.lOE+05 

7.90E+02 

10.51 

11 

0.49 

n 

9.40E+03 

7.43E-~24 

96.62 

97 

0.38 

Nil440)Pu 

L45E+04 

3.50E+03 

4.07 

4 

0.07 

N (1520) Du 

1.52E+04 

1.23E+03 

6.28 

6 

0.28 

N{\535) Su 

1.54E+04 

1.75E+03 

5.62 

6 

0.38 

W(1650)5ti 

1.66E+04 

1.68E+03 

5.85 

6 

0.15 

W(1675)Z)i5 

1.68E+04 

1.60E+03 

5.96 

6 

0.04 

W(1680) Fi5 

1.68E+04 

1.30E+03 

6.35 

6 

0.35 

W(1700)Di3 

1.70E+04 

l.OOE+03 

6.86 

7 

0.14 

W(1710) Pu 

1.71E+04 

1.50E+03 

6.12 

6 

0.12 

W(1720) Pi3 

1.72E+04 

1.50E+03 

6.13 

6 

0.13 

W(2190)Gi7 

2.15E+04 

4.50E+03 

4.38 

4 

0.38 

W (2220) Hu 

2.25E+04 

4.35E+03 

4.54 

5 

0.46 

H (2250) Gi9 

2.24E+04 

3.80E+03 

4.82 

5 

0.18 

W(2600) /i.ii 

2.65E+04 

6.50E+03 

4.03 

4 

0.03 

A (1232) P 33 

1.23E+04 

1.20E+03 

5.92 

6 

0.08 

A (1600)^33 

1.63E+04 

3.50E+03 

4.32 

4 

0.32 

A (1620) 531 

1.65E+04 

1.50E+03 

6.04 

6 

0.04 

A (1700) D 33 

1.72E+04 

3.00E+03 

4.76 

5 

0.24 

A (1900) 531 

1.90E+04 

1.90E+03 

5.87 

6 

0.13 

A (1905) F 35 

1.90E+04 

3.60E+03 

4.59 

5 

0.41 

A (1910) P31 

1.90E+04 

2.30E-f03 

5.49 

5 

0.49 

A (1920) P 33 

1.94E+04 

2.25E4-03 

5.58 

6 

0.42 

A (1930) D 35 

1.95E+04 

3.50E+03 

4.70 

5 

0.30 

A(1950)P3- 

1.95E+04 

3.20E+03 

4.89 

5 

0.11 

A (2420) 7^3.1 1 

2.40E+04 

4.00E+03 

4.86 

5 

0.14 

A 

1.12E+04 

2.50E-11 

54.42 

54 

0.42 

A (1405) 5oi 

1.41E+04 

5.00E+02 

7.76 

8 

0.24 

A (1520) Do3 

1.52E+04 

l,56E+02 

9.91 

10 

0.09 

A (1600) Poi 

1.63E+04 

1.50E+03 

6.03 

6 

0.03 

A (1670) Soi 

L67E+04 

3.75E+02 

8.57 

9 

0.43 

A (1690) Do3 

1.69E+04 

6.00E+02 

7.77 

8 

0.23 

A (1800) 5()i 

1.79E+04 

3.00E+03 

4.84 

5 

0.16 

A (1810) Poi 

1.80E+04 

1.50E+03 

6.21 

6 

0.21 

A (1820) Fo5 

1.82E+04 

8.00E+02 

7.39 

7 

0.39 

A (1830) Dos 

1.82E+04 

8.50E+02 

7.28 

7 

0.28 

A (1890) Po3 

1.88E+04 

1.30E+03 

6.56 

7 

0.44 

A (2100) Go7 

2.10E+04 

1.75E+03 

6.21 

6 

0.21 

A(2110)Po5 

2.12E+04 

2.00E+03 

5.97 

6 

0.03 

A (2350) Hq9 

2.36E+04 

1.75E+03 

6.43 

6 

0.43 

Contd... 
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Table 1. (contd...) 


Particle 

identification 

Mass 

(MeV) 

Width 

(MeV) 

/lexact 

n 

Dn\ 

{n — /Jexact) 


1.19E+04 

8.25E-11 

52.75 

53 

0.25 


1.19E+04 

8.91E-02 

21.45 

21 

0.45 


L20E+04 

4.46E-11 

53.67 

54 

0.33 

X(1385)Ri3’’' 

1.38E+04 

3.58E+02 

8,32 

8 

0.32 

1(1385) Ei3 ® 

1.38E+04 

3.60E+02 

8.31 

8 

0.31 

L(1385)Pi3^ 

L39E+04 

3.94E+02 

8.16 

8 

0.16 

E(1660) Pu 

1.66E+04 

1.20E+03 

6.48 

6 

0.48 

E(1670)Di3 . 

1.68E+04 

6.00E+02 

7.75 

8 

0.25 

E(1750) Su 

1.77E+04 

l.lOE+03 

6.75 

7 

0.25 

£ (1775) Z)i5 

1.78E+04 

1.20E+03 

6.60 

7 

0.40 

X(1915) F,3 

1.92E+04 

1.20E+03 

6.74 

7 

0.26 

£(1940)Di3 

1.93E+04 

2.25E+03 

5.57 

, 6 

0.43 

X (2030) Fi7 

2.03E+04 

1.75E+03 

6.15 

6 

0.15 

£ (2250) 

2.25E+04 

1.05E+03 

7.27 

7 

0.27 

-o 

1.31E+04 

2.27E-11 

54.81 

55 

0,19 

5" 

l,32E+04 

4.02E-11 

53.97 

54 

0.03 

H(1530) 

1.53E+04 

9.10E+01 

10.82 

11 

0.18 

5 (1530) Pi3‘ 

1.54E+04 

9.90E+01 

10.69 

11 

0.31 

5 (1690) 

1.69E+04 

5.00E+02 

8.09 

8 

0.09 

S(1820)Z)i3 

1.82E+04 

2.40E+02 

9.49 

9 

0.49 

5 (1950) 

1.95E+04 

6.00E+02 

8.02 

8 

0.02 

5(2030) 

2.03E+04 

2,00E+02 

9.97 

10 

0.03 

Q.- 

1.67E+04 

8.02E~ll 

53.30 

53 

0,30 

n (2250)" 

2.25E4-04 

5.50E+02 

8.42 

8 

0.42 

A+f 

2.29E+04 

3.30E~08 

44.81 

45 

0.19 

A (2625)-" 

2.63E+04 

3.20E+01 

13.42 

13 

0.42 

Sc"- 

2.47E+04 

1.88E-08 

45.76 

46 

0.24 

5c« 

2.47E-f04 

5.20E+01 

12.53 

13 

0.47 

A% 

5.64E+04 

6.16E-09 

48.66 

49 

0.34 

pL 

1.06E+03 

3.00E-15 

64.29 

64 

0.29 

r 

1.78E+04 

2.23E~08 

45.02 

45 

0.02 

W 

8.02E+05 

2.08E+04 

8.32 

8 

0.32 

Z 

9.12E+05 

2.49E+04 

8.23 

8 

0.23 


Table 2. Values of m and p 


n 

6 

10 

14 

21 

28 

35 

42 

49 

. 52 

59 

66 

PQ = 

n zs 

1.028 

2.010 

3.068 

4.999 

6.982 

8.992 

11.020 

13.060 

13.938 

15.99.0 

18,048 

1 

2 

3 

5 

7 

9 

11 

13 

14 

16 

18 

r 

po - P= 

0.028 

0.010 

0.068 

-0.001 

-0.018 

-0.008 

0.020 

0.060 

-0.062 

-0.010 

0.048 


It is seen that for the elementary particle region of 
n < 65, the quantity po turns out to be close to prime 
integers for every n being a multiple of 7. However, the 
first two cases of n = 6, 10 corresponding to the 
resonance particles are exception to this rule. But this 
rule does not hold strictly for the a- and /3-emitters with 
higher values of n. By taking into consideration only 
those values of n for which po'^'ttlues are close to 
integers, amounts to a higher degeneracy which 
corresponds to diluting the mass effects, thus resulting 
in quantization of life-times as seen by Mac Gregor’s 
work®. Any sequence of numbers nexact which has a fixed 
difference can be shown to be related to the nearest 
integer n and prime number through the relation. 


I? = (n«,xact-«)/(p-Po)- 

R has a maximum at n = 6, 10, 14, 21, 28, etc. which 
correspond to p nearly equal to 1, 2, 3, 5, 7, etc. 
respectively. Figure 2 shows that the numbers Wexaot 
obtained experimentally from eq. (1) follow this pattern, 
showing the close relation between fundamental 
particles and primes. The groupings around the primes 
also correspond to the flavour of the particles. This is 
shown in a later paper. 

Now we shall study separately different sectors, viz. 
fundamental particles, a- and /3-emitting radionuclides 
in the context of the present formalism motivated by 
Cantor’s theory. 
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n 


Figure 1. Log tiIMT vs n for elementary particles, ^ and a emitters. 


Open squares are experimental 
Closed squares are theoretical 



0 10 20 30 40 50 60 70 80 .90 100 


n 

Figure 2. Ratio of the departures of n from integral values and p from nearest primes against n for experimental and 
theoretical values. 

Elementary particles and the. n-theory region of n between 24 and 44, no particle except the 

is found. An examination of the decay modes of various 
The plot of n-values against various elementary particles particles classified in terms of n shows that the majority 
shows a non-uniform distribution. It is seen that in the of resonances that decay through strong interactions 
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have values of «< 10. Those decaying through 
electromagnetic interactions have values of n lying 
between 10 and 30, and those that decay through weak 
interactions have values of n> 40. 

If a toponium (tt bar) is formed having mass around 
2 mt ~ 350 GeV, and it decays through hidden strong 
interactions in a manner similar to bb bar and cc 
bar states, then its life-time range is predicted to be 
2 X 10"^^ to 2.5 X 10~^’ s. The limits of n-values for the 
top quark which decays through weak interaction can be 
set out as 40 < n (top) < 64 considering the maximum 
value of n to be 64 for elementary particles. Thus, the 
life-time of the top quark with mass 174 GeV (ref. 10) 
can be predicted to lie between 10 s and 10 s. 

The analysis of elementary particles in terms of the 
masses and lifetimes brings out many new general 
features in the spectrum. The masses of the unstable 
particles detected so far range from 0.1 GeV to about 
15 GeV (excluding gauge bosons W*. Z°) wherein the 
most populated region corresponds to 0.4-2.5 GeV. In 
contrast to the short mass domain, the lifetime domain 
for unstable particles extends widely from 10 ^‘'s to 
10^ s, with several distinct peaks and regions of total 
absence of particles. The most prominent peak 
corresponds to the resonance region of 10 s to 10 s, 
with subsidiary peaks at 10”'^, 10”*^, 10 10 ^ s with a 

paucity of particles between 10”^'^ and 10 s. In the 
entire region 2 X 10"^^ to 10^ s, only one particle, the 
neutron is found. 

The identification of flavours of elementary particles 
can be achieved by studying the plot of log T vs n (see 
Figure 3). This plot shows some parallel lines that 
correspond to a constant value of M which in turn 
indicates signature of the presence of subhadronic 
particles. Particles having similar substructure lie on one 
straight line associated with a constant value of mass 
corresponding to that of constituent particles taken from 


Elementary Particles 

fn-fltoOO) 



Figure 3. Plot of log T vs n for elementary particles showing the 
effect of mass. 
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conventional Quark model". This implies that 
information about flavour substructure of elementary 
particles is hidden in the mass-life-time relation. Some 
other important properties can be noted by relating n 
with different flavours of elementary particles. It is then 
observed that while for light elementary particles 
(unflavoured ones), there exist a large number of 
resonances for each particle, for heavy particles like 
charmed strange baryons, bottom and charmed mesons, 
very few resonances have been discovered so far. This 
calls for efforts to detect some more new resonances for 
the heavy particles. In contrast, there are particles 
mostly quarkonia, e.g. cc bar and bb bar for which only 
short-lived resonances are present with no 
corresponding longer-lived particles in the current 
experimental scenario. This indicates the unstable 
flavour antiflavour substructure of such particles. 

«-Symmetries for elementary particles 

We shall now study some relations between the «-values 
(r/M ratios) for the particles which are associated 
through (unitary) SU(3) isospin symmetry. Some 
striking regularities in the differences in their n-values 
are found" for pairs of particles having similar set of 
isospin quantum numbers. The identification of such 
pairs can be easily facilitated by the following table 
which gives the set of mesonic and baryonic 
supermultiplets for SU(3) octets and singlets (Table 3). 

The n-values for isospin singlets and neutral member 
of the isospin triplets belonging to SU(3) octets are 
found to be related to each other through some 
periodicity. The following equations (i) show that 
(;r°, ri) for pseudoscalar mesonic octet, (p°, ca) for vector 
mesonic octet and (S°, A) for 1/2'*' baryonic octet are 
examples of such pairs. These pairs of states with 
different values of full isospin (/), but the same values 
of its third component (=0) show the following 
regularities; 

(i) n^jo — n,^ = 2 + 1, npo — n^, — 2 L 
Wfi' - Wai = 2^ + L ua - nxo = 2 + 1 . 


Table 3. Meson and baryon supermultiplets 



Meson supermultiplets 



Octets 



Triplet 

singlet 

Doublet 

Singlets 

7t 

n 

K 

v’ 

P 


K 

CD 

a 

f 

K* 

f 


Baryon supermultiplets 



Octets 



Triplet 

singlet 

Doublet 

Singlets 

£ 

A 

N, S 

A' 
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Table 4. Several sets corresponding to various n 



A 

B 

C 

D 

E 

a= 

n 

nfZ 

nil 

nHS 

rt/31 


2 »-i 






n > 1 

n > 6 

n>l\ 

w > 60 

Yi > 155 


On the other hand, the singlets belonging to SU(3) 
octets and their orthogonal singlets with same values of 
/ and /s (=0), show a slightly different kind of 
periodicity in n-values. Examples of such pairs for the 
mesons are (^, ay), (rj, rj'), (/zj/z)- For the baryons, the 
excited states Dq^A(1690) and Do3A(1520) represent 
such a pair because the ground state SU(3) flavour 
singlet A is forbidden by Fermi statistics. 

(ii) n^p - = 2 ^ and their higher excitations 

^03 ^oj3 — ^ 

^31 1 

^1) - ^if - 2 ; «f2' - «f2 = 2 ; nAciszo) - ^a(1690) = 2 . 

Two symmetries described above can be combined 
together to give a more general result for association of 
neutral particles belonging to SU(3) symmetry with 
same values of A through the relation 

\An\ = 2 ^ + lA/i, (3) 

where An and A/ represent the differences in their 
integer in and isospin values respectively. It is to be 
noted that this relation holds for only integral values of 
A/. Some interesting properties of the integer are 
pointed out later. 

‘ The regularities found above in the n-difference point 
out to the quantization of the T(M ratios for the isospin 
levels which can be written in the mathematical form 


(4) 

where subscripts denote the corresponding n-values for 
MTlh. Note that n and a are integers, and a is the index 
used for the isospin. This equation can be simplified by 
using eq. ( 1 ) to 

k = {n/n + a)2A (5) 

The quantization of the isospin levels suggests that k 
should be an integer which is true when n + a = for 
every q<a. The second condition for k to be an integer 
can be obtained in the special case of n being a multiple 
of a. This gives rise to several sets as shown in Table 4 . 

The third row in the table which gives the limits of n 
for each case, rules out the condition of n = 0 for the 
stable systems. Thus noo is the only limit for such 
systems. It is interesting to find that the region 
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corresponding to the sets B and C matches fairly well 
with the resonance region limits of 6 < n < 24, while the 
limits 2*21 < n < 60 derived from sets C and D agree 
well with the more stable region of 44 < n < 64. Thus 
the assumption of quantization of isospin levels yields 
as seen from the above results, which are in conformity 
with the observed ones. This equation applies only to 
particles having isospin, but it does indeed give the 
required limits for various types of interactions with 
intermediate n for non-isospin particles for which this 
quantization rule would have no meaning. These are 
some of the aspects which should be looked into. 

As stated earlier, the integer a is the isospin index or, 
in other words, it is a measure of the spacing of isospin 
levels. /= 0 is a single level while /= 1/2 is a doubly 
degenerate level. Similarly 7=1 has three-fold 
degeneracy and so on. The integer a has different values 
for different isospin doublets like nucleon, kaon, etc. 
and also for isospin triplets like sigmas, pions, etc. This 
suggests that integer a apart from being an isospin index 
can also be distinguished by other parameters such as 
flavours unknown at present. 

Based on the general principles of'the tendency for a 
system to take lowest energy shift intervals, the value of 
a must be lowest and always positive. In this respect, n 
represents the lowest ground state in terms of the isospin 
for each I -0 particle. Now a will be the same for all 
members of an isospin multiplet. On the other hand, the 
integer quantity q would change for different values of 
the third component (A) of the isospin, which 
distinguishes various members of the same isospin 
multiplet. In particular for a triplet, q increases by one 
unit as we move from (A = 0 ) neutral member to the 
(I/ 3 I = 1 ) charged one. The second case (ii) of same 7, 73 
correspond to same values of a's for each n, so that 
their difference is equal to 2"*, m being an integer. On 
the other hand, for case (i) which relates states having 
different 7’s with a being different, a different kind of 
symmetry exists. 

Proton lifetime 

We shall now use the above discussion for relating the 
n-values for the case of different members of the isospin 
multiplet which differ from each other only through the 
third component Since 7 is same, all members have 
similar value of a. But the value of q changes in units of 
one. This implies that the n-difference is equal to 2 ^. But 
the exciting part in this scenario is that the quantity q 
can be related to one of the n-values, and hence the 
other n-value can be predicted. This we shall explain by 
taking up various isospin multiplets available in the 
experimental data. 

1) We first consider the isospin triplet of baryon 

IP), 
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For Ir with I/3I = 1 and n ~ 54, the postulate of 
choosing the minimum value of a gives q = 6, and 
thus ci: = 64-54 = 10. This implies that for iP 
(Ij = 0) for which A/3 = -1 ^ goes to q-l = 5, while 
the ci:-value remains the same since we are 
considering the same multiplet. Thus, we get 
a = 2^-10 = 22. This value of n for iP matches 
exactly with that obtained using experimental 
values. Note that the difference in their n-values is 
?2x± ” fT-'zP — 2 ^. 

2) Now, we take the example of isospin triplet of 
psuedoscalar mesons (tc* tjP). For 'nP I/ 3 I = 1 and 
n = 58 which implies that minimum value of a is 
possible only for q = 6, which is equal to 6 (64-58). 
With this value, the n-value for 71 ° with = 0 and 
q = 6-1 = 5, is equal to 26 (32-6). This value of n 
corresponds to a life-time of 1.26 X 10”^^ s for tP in 
comparison to its experimental value of 
8.4±0.6 X 10~^^ (withn = 29). 

3) Encouraged by the above cases which give fairly 
good agreement with the experimental results, we 
venture further into the calculation of the value of n 
for the proton by using the corresponding value for 
n of its other doublet member, the neutron. Since 
/3 = 1/2 for proton and /s = - 1/2 for the neutron, so 
that A /3 = 1 as we go from neutron to proton. For 
the case of neutron, n = 97, thus a -2^ -91 = 31. 
As a result, for the corresponding case of the proton 
for which a = 31; <7 = 7+1, n is 2^"^^ - 31 = 225. 
With this value of n for the proton, we get the life¬ 
time of the proton as 5.33 X 10^^ years, which 
does not contradict the present experimental limit 
of proton lifetime > 10^^ to 5 X 10^^ years (refs 
3, 12). 

^ By analysing eq. (3) in context of three cases 
associating 

i) neutral particles of triplet and singlet groups 
belonging to an SU(3) octet 

ii) neutral particles of SU(3) octet and singlets 

iii) . various members of isospin triplets (with different 

} values of A), it is found that the integer q takes 

values which are only prime numbers, e.g. <7 = 1 for 
i(p, co), (/I'.ai); <7 = 2 for (p°, o)), (/2,/2'); 

<7 = 3 for (V, n')\ 9 = 5 for {i&, (Jr, iP) (iP, A) 
and ^ = 7 for (p, n). 

It is intriguing to find that the life-time of a particle 
with known mass can be calculated using that of the 
other particle which is related to the former through 
isospin symmetry. This is seen in examples (1)~(3) 
which correspond to the particles with roughly the same 
^ mass, and is well supported by cases (i) and (ii). The 
present approach does not distinguish between the 
particles and their antiparticles with respect to their n- 
values. This formulation holds true for all light- 


flavoured hadrons which contain at least two isospin 
flavours. The p-meson case (with n < 6) is not 
considered here because in this case of very short life¬ 
time, the experimental errors are too large to enable a 
unique determination of integral n-value^. It is to be 
noted that the present approach does not work for the 
systems consisting of only one isospin flavour (e.g. 
kaons, bottom and charmed mesons) and of course for 
non-isospin states. Since there are not many cases of 
mass multiplets available in the current experimental 
scenario^, we do not yet have a more firm basis for our 
formulation. However, the limited number of multiplets 
available support the hypothesis for a particular type of 
system. 

The regularities described above with respect to n are 
the reflections of the symmetries in the life-times of the 
particles since their masses play a passive role in the 
r/M ratios because variations in the mass domain are 
very small compared to those in the life-times. This 
suggests that the mean life-time for the decay of a 
particle depends on its internal structure, and hence can 
be calculated inclusively. This is also supported by the 
work of Mitra and Sharma^ It is well known that the 
decay modes of various particles are formulated by 
taking into consideration various internal quantum 
numbers, e.g., isospin, strangeness, charm, etc., and are 
subsequently confirmed by experiments. Therefore, 
these internal quantum numbers and their corresponding 
wave functions must play an important role in deciding 
how a particle decays. This calls for a detailed analysis 
of the present approach in the context of more 
conventional theories. 

j8-Decay and n theory 

(i) For the yS-emitting nuclei, since M is taken to be the 
constant mass of the neutron, n effectively represents the 
behaviour of half-life of the nucleus. In the present case, 
the n-values mostly range from 70 onwards owing to the 
weak interacting nature of/3-decay (see Figure 1). But 
few light nuclei have n-values lying in the region of 
strong interactions. When Z/A is plotted against integer 
n-values (see Figure 4), the electron and positron 
emitting nuclei distinctly separate out in the region of n 
values smaller than the n for neutron. This can be 
explained by the fact that electron emission results in 
the increase of nuclear charge by one unit and the. 
positron emission results in the decrease of nuclear 
charge by one unit. As a result, the upper branch of the 
plot corresponds to electron (yS") emitters while the 
lower one corresponds to the positron (yS*^) emitters 
which is just the reflection of the former curve. This plot 
shows the exponential behaviour of Z/A with respect to 
n, which can be expressed as Z/A - (1 + e"")/2 for /3'- 
emitters and Z/A ~ (l-e"")/2 for/3'^-emitters. 
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Ingure 5. a. Binding energy per nucleon and differences between binding energy per nucleon as calculated and as tabulated for emitters, 
Binding energy per nucleon and differences between binding energy per nucleon as calculated and as tabulated for emitters. 
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Figure 6. Plot of n vs neutron number and proton number showing the existence of magic numbers. 



SPIN 


Figure?. Plot of/j'-po vs spin. 


The proportionality of the half-life of a nucleus on the 
Z/A seen in the above paragraph, suggests the 
dependence of nuclear-binding energies on the half-life 
through 7JA. The least square fit curve (Figures 5 a, b) 
of the binding energies shows that they can be expressed 
as ref. 13. 

BE/A = a(Mn - Mp) {log (Zn/no) - 0.316 (log Zn/nof), 

( 6 ) 
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This formula holds for all emitters as well as K- 

electron capture nuclei. Since ^-decay of a nucleus can 
be effectively reduced to the decay of a neutron inside a 
nucleus into a proton and an electron, the difference 
(M„ - Mp me) ~ (M„ - Mp) between their masses should 
play an important role in contributing to the binding 
energies. BE/A shows its proportionality to the half-lives 
through the logarithmic argument (Zn/no), where no 
represents the ^inimum values of n for each case which 
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is equal to 70 and 75 for /?'‘’-einitters respectively. 
Here we have not taken into account the nuclei which do 
not decay through weak interaction. Since the n values 
for /3-emitters range from 70 to 150, the ratio n/no 
changes from 1 to 2. As a result, ZnltiQ moves from Z to 
A as we go towards nuclei having longer half-lives. The 
quantity a in the expression BE/A represents a 
dimensionless normalizing factor of value 8.45 which is 
same for all cases. Figures 5 a, b give the comparison of 
the observed BE/A and those calculated using the 
formula (14). The agreement holds fairly well 
considering the huge number (1300 cases) of nuclei 
involved. 

Though only unstable systems are under 
consideration, it is clear from Figures 6 a, & that as N 
and Z approach magic numbers, the value of n increases, 
indicating .longer life-time and thus great stability. 

The explanation of the yS-spectrum is given by Fermi’s 
theory of ^-decay which expresses the half-life of 
decaying nucleus as ref. 13. 

0.693/Ti/ 2= IAfi^/(g^OTe^cV(27t^/2’). (7) 

Here \M\ is the nuclear matrix element which accounts 
for the effects of particular initial and final nuclear 
states. The Fermi function/takes into account the effect 
of the Coulomb field of the nucleus, g is the weak 
interaction constant. The product fT is called the 
comparative half-life which gives us a way to compare 
the /3-decay probabilities in different nuclei. Since the 
quantity / incorporates the dependence on the atomic 
number and the maximum electron energy, the 
difference in fT values'^ must be due to differences in 
the nuclear matrix elements*^. 

(ii) Ground state spins ofj3-emitters and their half-lives. 
The groundstate spins of y9-emitters can be obtained 
from the same equation ( 2 ), i.e. po = nlog 2 - logn. 
Let us consider a situation where pq is not equal to 
nlog 2 —logn but is modified by spin and many body 
effects to 

p' = nlog 2{q-l) - logn + log {Z/A), 

where 2 is replaced by 2 (p— 1 ) and has a term containing 
Z/A, as Z/A plays an important part in spin and other 
many-body effects. We assume that (^-1) is directly 
proportional to spin and iq—\) is always negative and 
(1-g) is always positive. As we shall see later, these 
positive and negative values result in space distortion of 
n. Figure 7 shows the effect of change in p'-p^ as {q-\) 
departs from 1 on either side for nuclides. The set of 
nuclides on the left corresponds to those of negative 
parity and vice versa. It can be noted that the two parity 
distributions are not identical and those with values of {q-l) 
being negative have real values only when n is even. 


The departure from log2 to log 2(^-1) implies 
expansion of n space geometry for the -ve components, 
while for +ve values the relative values of n are 
contracted. One can conjecture that it is this change in 
geometry of the n-space that gives rise to spin. 

c-Decay and the n-theory 

The general features of ct-emission which occurs mostly 
in heavy nuclei with mass number greater than 150, can 
be accounted for by a quantum mechanical theory 
developed in 1928 almost simultaneously by Gamow 
and Gurney and Condon. The central feature of this one- 
body model is that the a-particle is preformed inside the 
nucleus. In fact, there is not much reason to believe that 
a-particles do exist separately within the heavy nucleus; 
nevertheless the theory works quite well, especially for 
even-even nuclei. The success of the theory does not 
prove that a-particles are preformed but merely that they 
behave as if they were. The theory gives the possibility 
of leakage or tunneling of the a-particle through the 
large potential barrier of the nucleus which is absolutely 
impossible in the classical interpretation. The leakage 
probability is so small that the a-particle on the average 
must make 10 tries before it escapes (this amounts to 
10 per second!). The disintegration constant of an a- 
emitter is given in one-body theory by the following 
expression'^: 


where/is the frequency with which the particle presents 
itself at the barrier, which is given by its velocity in the 
nucleus divided by the radius of the nucleus. P is the 
probability of transmission through the barrier which is 
given by the following expression 

F - e . ^ 9 ) 

The Gamow factor G is'^ 

G={{2mc^)l{hcfQ]^'^{ZZ' t^)l{A7tSa) 

[Ttl2-2{QIBf\ (10) 

where m and Z are the mass and charge of the a-particle 
and Q is its kinetic energy. B is the binding energy of 
the daughter nucleus and Z' is its charge. So, the final 
expression can be written in terms of half-life as 

/= (0.693/7’i/ 2) e-“. (11) 

If we replace 7 ’i /2 by the binding energies and the n 

using equation ( 1 ) for the a-particle 

n/2^ = h/MTin = fi/Vo T.n, 

where Vq is the binding energy of the parent nucleus, we 
get 

f ^ (0.693 Vonm^ , ^ 2 ^ 
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Table 5. Values of log [ErtT] and Dn 



Figure 8 shows that/is constant over a wide range of n- 
values, and is of the order of 10^^ to 10^^ s"^ (ref. 14). 

Excited nuclear levels and elementary particles 

The transition of a ground state nucleus to an excited 
one of higher energy occurs under the external 
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influences when the required energy is transferred to the 
nucleus through interaction with an energetic particle. 
When excited externally, one or many nucleons 
(depending on the quantity of energy applied) occupy 
higher energy levels. Since the nucleon levels are 
separated by finite energy intervals, the nucleus cannot 
receive any quantity of energy but only strictly definite 
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jAijyJvcf^ 



Figure 8. Plot of logAo (nuclear factor which appears in Gamow 
theory of a emission) vs n. 
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Figure 9. Plot of level width F vs /?. 


portions precisely corresponding to the energies of 
nucleon transitions from lower to higher states. In this 
section, we propose that the energy is absorbed by the 
nucleus in a discrete way in the form of virtual mesons, 
mainly the light ones. As a result, the system gets 
excited to a level whose width and energy depend on the 
mass and decay time of the meson involved in the 
process. The type of virtual meson depends on the 
external energy imparted to the nucleus. 

Each excited level of a nucleus is associated with an 
elementary particle which is identified by comparing the • 
ratio \og(Er/T) (ref. 17, Figure 9) for an excited level of 
energy E,. and width T with, the \og(MT/h) for an 
elementary particle of mass M and lifetime T. In Figure 
9, integer Dn is given by /? = log(2^”/Dn). The quantity 
n for a resonance level is calculated from Er/T by using 
eq. (1) which helps in the identification of the particle 
involved in the excitation process (see Table 5). The 
elementary particles involved are found to be light 
mesons. Figure 10 gives the number distribution of 
various n-values, which shows that it is the (U-meson 
that is mostly involved in the excitation process. 



Figure 10. Histogram of Dn distribution. 


Comparison of present formalism with other 
approaches 

The present formalism which deals with duality in 
particle masses and lifetimes gives a discreteness in V/M 
ratios. This approach, of course, has not been attempted 
for the first time. Nambu, as early as in 1952 had written 
a paper on empirical mass spectrum of elementary 
particles^^ wherein he had suggested a discreteness of 
particle masses by taking electron mass as the basic unit. 
In other work by Mac Gregor^ and others^^, the quantiz¬ 
ation of particle life-times was found in terms of the 
muon life-time. The present approach is unique in the 
sense that it incorporates two discrete quantities 
together in a unified framework without choosing a basis 
dependent on electron masses or muon lifetimes. More¬ 
over, the present approach is more transparent which 
can bring out many more properties in a simple manner. 

Mac Gregor’s model^ which predicts quantization in 
the lifetimes of the elementary particles represents a 
higher degree of degeneracy in the quantized levels 
compared to the present approach. As seen in the 
present text, the inclusion of particles masses along with 
their life-times thus suggests a duality between them 
bringing out hyperfine quantization for elementary 
particles. On the other hand, Mac Gregor’s approach 
does not incorporate the particle masses in his formula . 
It can be easily seen that the quantum levels in his 
formula correspond to a special case of present 
formalism. If we constrain the quantity po to take only 
integral values, then the corresponding n-values 
obtained (see Table 2) have one to one correspondence 
with the quanta in Mac Gregor’s approach^. 

Conclusion 

It is seen that from the parameter n or p based on the 
lifetime and the energy available for the decaying 
system, one can arrive at several properties of 
fundamental particles, spin and parities of the jS-emitters 
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and the number of times the a-particle strikes the barrier 
of the radioactive nuclides before it is expelled. The 
binding energy of about 1300 nuclei can be obtained by 
an empirical formula based on the above parameter. It is 
also possible to get the systematics of the resonance 
levels of light nuclei, as a process in which short-lived 
fundamental particles play the role of a virtual particle 
for the transfer of energy. 

The relation between this method based on cardinality 
and the usual quantum mechanical approach has yet to 
be worked out. We, however, feel that there will not be 
any inconsistency as waves and particles are a special 
form of continuity and discreteness. 
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Determination of kinetic parameters and 
thermodynamic constant of antigen-antibody 
reaction by solid phase binding method 

G. S. Murthy 

Primate Research Laboratory, Indian Institute of Science, Bangalore 560 012, India 


Study of the dissociation of [^^^I]hCG from immobi¬ 
lized MAb-[^^^I]hCG complex was carried out The 
dissociation data fitted into a two-step reaction 
mechanism of the interaction. Kinetic parameters 
obtained were consistent, and were used to obtain 
the thermodynamic constants of the interaction. The 
first step (epitope recognition reaction) was shown to 
be a high-affinity intermolecular binding reaction 
involving epitope—paratope interaction, while the 
transformation reaction (second step) is an 
intramolecular rearrangement of the i I]hCG“MAb 
complex formed in the first step. The method 
described has the potential to be automated. 


Study of real time kinetics of ligand-ligate interaction 
has greater information potential compared to 
equilibrium kinetics in understanding the chemistry of 
the interaction. However such kinetic study was rather 
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difficult^"^ until the advent of BIAcore or BIOS-1 (refs 
5-7). Even though these methods are extensively used, 
they are expensive and suffer from uncertainties of 
interpretation*’^ We have described another method for 
these investigations using immobilized ligand and 
radioactive ligate^^’^^ This method though easy and cost 
effective, has the potential for further simplification. We 
present here an improved procedure, and have utilized 
these results to calculate the thermodynamic parameters 
of the MAb-[^^^I]hCG interaction. The feasibility of 
automating the method is also discussed. 

Materials and methods 

Human chorionic gonadotropin (hCG) purified from 
early pregnancy urine^^ was used throughout the studies. 
Monoclonal antibody (MAb) VM-4 was raised against 
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hCG ap dimer and its characteristics have already been 
reported'^’^^. Microtiter wells and scintillation vials used 
were purchased from Plascis, Banglaore. All other 
reagents were of analytical grade. 

Preparation of antimouse IgG-AH-sepharose 

AH-Sepharose was obtained by treating epoxysepharose 
with diaminohexane^"^. AH-Sepharose (1 g in 5 ml) was 
treated with 10 pi of glutaraldehyde for 10 minutes, 
washed extensively with water and allowed to couple 
with IgG fraction of antimouse IgG at a protein 
concentration of 20 mg/ml (ref. 13). At the end of 20 h 
(at room temperature) more than 80% of the protein was 
coupled to the matrix. 50 pi of this matrix was found to 
have adequate capacity to adsorb the MAb from each 
aliquot. 

Immunochemical bridge (ICB) 

The method is the same as already reported^^’^^, with 
slight modifications incorporated to improve the 
capacity for binding MAbs. The two types of ICBs 
investigated^ were the A bridge (Antimouse IgG 
adsorbed on plastic) and the AIA bridge (extended A 
bridge). Virgin plastic wells were coated first with 
antimouse IgG (15% sodium sulphate fraction) in water 
at 1/50 dilution (overnight at room temp.), washed and 
unbound sites blocked with bovine serum (2%). This 
represents the ICB-A for MAb adsorption. ICB-AIA was 
obtained by treating the ICB-A wells with mouse serum 
(1/100 dilution in RIA buffer for 6 h at room temp.) 
followed by antimouse IgG (I/lOO dilution for 6 h at 
room temperature)^^. The wells were drained, washed 
with RIA buffer and stored at 4°C until further use. 

ICB in scintillation vial 

Surface area to volume of a scintillation vial is too less 
and results in lower capacity to bind MAb. Hence 
surface area for adsorption of the antibody was 
increased by dropping a 1 cm length virgin plastic 
hollow cylinder (obtained by cutting virgin plastic tube 
of OD 0.9 cm and ID 0.6 cm). This effectively brings 
the surface area to volume close to that of the plastic 
well and results in binding of sufficient quantity of 
MAb, Scintillation vial with the hollow cylinder was 
coated with the ICB (using 2 ml of reagents at each step) 
and used for adsorption of the MAb throughout. The 
type of the ICB used was always the AIA type because 
of its greater capacity to bind MAb (see under results). 

Antisera adsorption 

Antisera at optimum concentration was added to 
scintillation vials (2 ml) or microtiter wells (250 pi) 
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precoated with the ICB-AIA. Adsorption was allowed to 
occur at room temperature overnight and washed. These 
were stored at 4°C, and used within 15 days. 

Binding of [^^^IJhCG to immobilized antisera 

Two ml of [^^^I]hCG (50,000-100,000 cpm/lOOpl) in 
RIA buffer (0.05 M phosphate buffer pH 7.4 containing 
1% bovine serum) was added to scintillation vial 
precoated with the MAb. 250 pi of the radio label was 
used for binding to immobilized MAb in the microtiter 
well. Binding was allowed to occur overnight, washed, 
counted and dissociation started immediately. 

Dissociation of I]hCG from the MAb-[^^^I]hCG 

complex 

2.5 ml of RIA buffer containing 2 pg/ml unlabelled hCG 
was added to preformed [^^^I]hCG-MAb complex in the 
scintillation vial. At intervals of time periods (ranging 
from 5 minutes to 60 minutes), 300 pi of the 
dissociating solution was transferred to a tube and the 
radioactivity measured in a LKB multigamma counter. 
At each point of time the background counts of the tubes 
was subtracted from the counts of the dissociation 
solutions to quantify the release of radioactivity 
accurately. The solution was then transferred in toto to 
the scintillation vial. The loss of volume of the solution 
from the start of the dissociation to the end of the 
dissociation was less than 5%. For studies with extended 
times the dissociation solution in the vial was kept in a 
closed water bath at the required temperature to 
eliminate losses due to evaporation. 

Theoretical fit of the data 

The dissociation has been shown to be a two-step 
reaction^^ 

MAb+['“l]hCG^MAb-['^^I]hCGoMAb-['^^I]hCG*. 

(S) k.^ (VS) 

where MAb-[*^^I]hCG represents the antigen-antibody 
(Ag-Ab) complex. The slow dissociating complex is 
identified as (S) and the very slow dissociating complex as 
(VS) for subsequent discussions. k.\ and k -2 correspond to 
the dissociation rate constants of the S —> [^^^I]hCG and the 
transformation of (VS) (S) respectively. 

The dissociation pattern was treated as a two-step 
consecutive reaction, the transformation of VS to S and 
dissociation of S to unbound (free) [^^^I]hCG. The 
radioactivity measured in dissociation is the unbound 
[^^^IjhCG. Those associated with S and VS are on the 
solid phase and are not released into the medium during 
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dissociation. Before the start of the dissociation, the 
solid phase complex consists of varying proportion of S 
and VS and had little unbound ['^^I]hCG (0 time 
radioactivity 300 cpm). Dissociation of S as well as 
transformation of VS to S with its subsequent 
dissociation to free ['^^I]hCG occurs during dissociation 
experiment. The reverse reactions of unbound ['^^I]hCG 
rebinding to the immobilized MAb do not occur as 
dissociation was carried out in the presence of 1000 -fold 
excess of unlabelled hCG. Thus the sum of radioactivity 
released (x) from S and VS at any point of time is 

X = a,[l-exp'-'^->'>] + a 2 [l-exp‘-'=-''^]ni-exp‘-‘-^‘>], 

where a, and az are the radioactivity associated with S 
and VS at the start of the dissociation and f is time. 
Approximate value of the ai, a^, k-y and fc _2 are obtained 
from the extension of the linear part of the graph as 
described'^. The total radioactivity dissociated (ui + ai) 
is an experimentally-determinable quantity and becomes 
a precondition for changing other variables. Using these 
values, theoretical plot of dissociation data were 
obtained. The theoretical dissociation curve will fit into 
the experimental data with only one set of values of a\, 
az, k.y and k_z which can be arrived at by iteration 
procedures, for an experimentally determined value of 
{ay + az). A fit of the experimental dissociation data and 
its convergence validates the two-step mechanism 
proposed and allows accurate quantification of rate 
constants /k_i, k_z, and concentrations of S («]) and VS 
(az) forms of the complex at equilibrium. 
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Determination of affinity constants from 
dissociation data 

Affinity constants in the two steps of the reaction were 
calculated using the equilibrium values of [S] 
(concentration of the S form of the complex), [VS] 
(concentration of the VS form of the complex), by the 
following formulae 

K,y = [S]/{[CMAb]-[S]-[VS]}*{ChCG]-[SHVS]} and 
^fa 2 =[VS]/[ S] 

with Chco. and CwAb being the initial concentrations of 
the [‘“l]hCG and MAb. 

Determination of thermodynamic constants 

Binding as well as dissociation experiments were carried 
out at different temperatures and the data were utilized 
to obtain accurate values of rate constants and 
equilibrium ratios. The thermodynamic constants were 
calculated using the following formula: 

AG =-RT In K^. 

AH was calculated by the equation 

AH = TyTz [R InKyy - R Inis:t2]/[r2 - Ti], 

where Ty, Tz correspond to two temperatures, Kyy and Ka 
are equilibrium constants between VS and S at these two 
temperatures. [(VS)/(S)]. 


Table 1. Schematic diagram for quantifying the reversibility of the transformation 


VM4+['^T]hCG 


4°C 


Binding 
4“^ 20 h 


24'’C 


MAb-[’^=I]hCG MAb-[’^^I]hCG MAb-[’“l]hCG 

complex complex complex 


4°C 


24°C 

I 


24°C 


MAb-['“l]hCG MAb-['^^I]hCG MAb-[‘“l]hCG 

complex 


+hCG 


4'=’C 

+hCG 

! 

24®C 

+hCG 

T 


r 

T 


24“C 


[Antimouse IgG immobilized on AH-Sepharose 100 pi] 


Sedi- Super- 
ment 1 natant 1 


Sedi- Super- Sedi- Super- 

ment2 natant 2 ment 3 \ natant 3 


Measure radioactivity in each of these fractions. 
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Measurement of nonreversibility of MAb-hCG 
reaction in the liquid phase at low temperature 

The rationale of the approach is shown in Table 1. MAb 
and [^^^IjhCG were incubated in liquid phase in three 
parts (step 1). The first two parts were incubated at 4°C 
while the third one was incubated at room temperature. 
After overnight reaction, the first aliquot was 
maintained at 4°C while the 2nd was warmed to room 
temperature for dissociation to occur. The third aliquot 
remained at room temperature. After overnight 
incubation, unlabelled hCG in sufficient excess (20 pg/ 
aliquot) was added to all the aliquots, and dissociation 
allowed to occur at the same temperature (1st aliquot 
4°C: 2nd and 3rd aliquot room temperature). After 
further 20 h reequilibrium [^^T]hCG-MAb complex was 
removed from the reaction mixture of [^^^I]hCG and 
MAb using immobilized antimouse IgG on AH- 
sepharose. For this purpose, sufficient excess of 
antimouse IgG-AHS matrix was added to each aliquot, 
vortexed for 10 minutes and unadsorbed radioactivity 
was measured in a multigamma counter (LKB). The 
extent of transformation of the nonreversible complex 
on warming to room temperature was quantified by the 
difference in the radioactivity between the supernatants 
of 1st and 2nd aliquots. 

Results 

The binding of [^^^I]hCG was carried to immobilized 
MAb in microtiter wells as described under methods. 
Binding of [^^^I]hCG to immobilized MAbs through the 
two types of ICBs showed better binding in the AIA 
type of immobilization (Table 2). This data clearly 
indicated that the capacity of the AIA type of ICB is 
much higher. In fact the extent of increase in the 
capacity was of the order of 5-10 fold determined by the 
Scatchard plot analysis of the SS-SPRIA done using 
these immobilized MAbs (data not shown). 

The dissociation profile of [^^T]hCG-VM4 (Figure 1) 
showed that at start of dissociation the unbound 
[^^^I]hCG was insignificant (<300 cpm), and with time it 
increased and became significant within 10 minutes 
(>200% of nonspecific value). Hence analysis of the 
data at early dissociation periods could be carried out 
with greater accuracy than by the one reported earlier^°; 
the latter method based on the measurement of the 
retention of the radioactivity on the micro titer wells. 
Dissociated radioactivity at all points of time was found 
to be adsorbed completely on to immobilized VM4 to 
>95% and hence ruled out the dissociation to be the 
result of the damage of the [^^T]hCG in the complex due 
to radioactive decay. 

The fit of the experimental data (closed points) to 
theoretical curve (Figure 1, curve b) of the dissociation 
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Figure 1. Dissociation profile of immobilized [^^^I]hCG-VM4 
complex in the presence of 2 |ag/ml unlabelled hCG. Curves a and b 
present the theoretical graph for dissociation for single step (a) and 
two step (b) dissociation mechanism. Points represent the 
experimental data. In three separate experiments carried out at room 
temperature, the ratio of VS/S was 1.03 + 0.15, k^\ and were 
0.008 ± 0.0008/min and 0.001875 ± 0,00076/min respectively. 


Table 2. Binding of [^^^IjhCG to immobilized MAbs through differ¬ 
ent immunochemical bridges 


MAb immobilized* 

ICB-A 

ICB-AIA 

VM14 

9500 

15100 

5M6 

7800 

14000 

51-21 

2000 

7000 

52-28 

8500 

33000 


*AU MAbs were immobilized at saturating concentrations. Microtiter 
wells were incubated with 100,000 cpm of the [’^^IjhCG in 250 pi 
for overnight. 


substantiates the two-step mechanism proposed for the 
antigen^antibody interaction. The values obtained for 
k. 2 , ci\, Ui were consistent over several 
determinations with an error of not more than ±15% 
(Table 3). The values obtained were also independent of 
the starting concentration of the complex. This 
consistency of the proportions of the (S) and (VS) forms 
has made it possible for us to use these values for the 
determination of the thermodynamic constants of the 
reactions at the two stages. 

Best fit values of dissociation data obtained at three 
temperatures (Table 4) showed that the proportion of 
S/VS increased with temperature. The extent of 
radioactivity which remained bound was high (85%) at 
4°C, and was 18% and 12% at 22°C and 34°C 
respectively. The thermodynamic constants calculated 
(Table 5) indicated that the primary reaction was 
associated with large free energy change (AG =12 kcal), 

CURRENT SCIENCE, VOL. 73, NO. 12, 25 DECEMBER 1997 




RESEARCH ARTICLES 


Table 3. Determination of kinetic parameters from dissociation data 



['^’l]hCG 

['“l]hCG 

ai 

ai 




Expt 

added 

bound 

(cpm 

(cpm 


k-\ 

k-2 

no. 

(cpm xlO"^) 

(cpm X 10"^) 

X 10-^) 

xlO-^) 

a\f(i2 

per minute 

1 

21.0 

3.20 

23.0 

18.0 

0.80 

0.0075 

0.00030 

2 

22.0 

1.57 

10.0 

11.0 

1.10 

0.0070 

0.00020 

3 

15.0 

0.55 

3.3 

3.5 

1,05 

0.0090 

0.00016 


The coating cone, of the MAb was 1/1 k, 1/5 k and 1/10 k respectively. 


Table 4. Kinetic constants of VM4-[^^^I]hCG dissociation obtained 


by theoretical fit of the experimental data 


Temperature (°C) 
Bound a\ (cpm) 
k-\ (units/min) 
ai (cpm) 
k 2 (units/min) 

% undissociated 

4 

85 

22 

2100 

0.0085 

8100 

0.0009 

18 

34 

3300 

0.0090 

3500 

0.0016 

12 

Input of radioactivity for binding 

was 14,00,000 cpm in 2.5 ml at 

respective temperatures. 



%Undissociated is 

the % radioactivity still 

bound after 24 h 

incubation with unlabelled hCG. 



Table 5. Thermodynamic parameters of VM4 

-hCG interaction 

Temperature 

AG 

AH AS 

(°C) 

Ka(lM-T 

(cal/mole) (cal/mole) (cal/deg.raoie) 

Step 1 22 

4.37 X 10* 

11664 

+23.5 

(Binding) 34 

7.42 X 10* 

12461 

4736 +25.1 

Step 2 22 

3.81 

-780 

-62.4 

(Transfer- 34 

1.06 

-35 

19178 -62.3 

mation) 





*The affinity constants calculated as detailed under methods. 
CMAb = 0.3445 X 10"^^ M/1. 


while the transformation reaction had a large change in 
enthalpy (AH=19kcal). The entropy changes cal¬ 
culated showed a change of +25 cals/degree.mole 
during the (S) complex formation and -62 cals/ 
degree.inole in the transformation (S —^ VS). Equili¬ 
brium values calculated for the first step of the inter¬ 
action (Ag + MAb -+ S) showed the affinity constant for 
this step to be lower by 80% than the average affinity 
constant measured by Scatchard plot analysis using the 
SS-SPRIA [3 X 10® (ref. 10)], and was also less depen¬ 
dent on temperature than the S -+ VS transformation. 

Both kinetic and thermodynamic data demonstrated 
structural changes of the immobilized ['^^I]hCG-MAb 
complex with time. It also indicated an increase in the 
proportion of the VS/S at low temperature (Table 4), 
with < 10% dissociation occurring at 4°C of the 
immobilized complex in microtiter wells (data not 
shown). This transformation inferred is not an artifact of 
the solid phase was proved by the demonstration of the 
apparent nonreversibility of the complex at 4°C in the 
liquid phase (Table 6). Preferred complex at 4°C failed 
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Table 6. Reversibility of transformation in liquid phase 


Radioactivity (cpm) 

4°C 4°/24‘’C 24“C 

Sediment 

46000 

2000 

3000 

Supernatant 

4000 

50900 

41500 

% dissociated in liquid phase 

8 

96 

93 

% dissociated in solid phase 

15 

— 

88 


The total binding was 90% before dissociation was started. All 
values are normalized to 100% bound by deleting the contribution of 
the 10% unbound ['^^I]hCG. % dissociation in the solid phase is 
obtained from the dissociation data (Figure 1). 

to dissociate (step 1), while the same complex 
dissociated to 96% after warming to room temperature 
(step 2) comparable to that of the complex formed at 
room temperature (step 3). This also indicated that the 
transformation is indeed reversible as observed in the 
solid phase'®. The extent of dissociation observed from 
the immobilized VM4-['^^I]hCG complex is comparable 
in the solid and liquid phase dissociations (Table 4 and 
Table 6). 

Discussion 

Extension of the ICB resulted in increased capacity to 
bind MAbs. In fact, capacity determined by Scatchard 
analysis of SS-SPRIA of such microtiter wells indicated 
an increase in the capacity of 5—10 fold both in MAbs as 
well as in polyclonal antibodies (data not shown). Thus 
extending the ICB allows efficient utilization of MAbs, 
especially low-affinity antibodies in investigations 
which use solid phase binding approaches. 

Mechanism of the Ag-MAb reaction is a multistep 
process involving transformation and indicates that 
other macromolecular interactions could be complex. 
The first step of the interaction is tentatively attributed 
to epitope-paratope interaction (recognition), while the 
second step is an intramolecular arrangement of the 
complex for greater thermodynamic stabilization. 
Several MAb-['^^I]hCG pairs indeed showed this 
pattern and hence indicate the possibility of multiple- 
step mechanism in other macromolecular reactions like 
those of hormone-receptor, lectin-carbohydrate, etc. Its 
relevance in the biological processes needs to be 
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investigated to quantify the importance of the second 
slow transformation. 

The dissociation profile can fit possibly to two-step 
independent dissociations. This possibility is unlikely on 
the grounds that this molecular interactions is extremely 
specific, and the study of the MAb with antigens is 
always considered homogeneous. In addition, such a 
possibility appears unlikely for the following reasons. 
The MAb antigen reaction is extremely specific ligand- 
ligate system and hence the first reaction is the 
formation of the Ag-MAb complex, which is identical 
no matter which of the paratope of the MAb binds to the 
antigen. A second complex can be obtained when the 
Ag-MAb complex binds further at the second paratope 
of the MAb to form a complex of the type (Ag-MAb- 
Ag). The formation of such a complex is unlikely under 
the experimental conditions since the ratio of the Ag 
bound is <10% of the antibody immobilized. In addition, 
the [ I]hCG-MAb complex gets transformed in the 
absence of unbound [^^^I]hCG (ref. 10). Rate constants 
and the ratios of S/VS are not influenced by the specific 
binding and hence do not favour the formation of 
(Ag-MAb-Ag) type of complex. Should such a 
complex be formed, its dissociation pattern would not be 
sum of two independent dissociations, and would follow 
a far more complex kinetics. Furthermore, binding of Ag 
at one paratope does not appear to affect the binding at 
the other paratope as Scatchard plot analysis failed to 
show a second binding constant in several MAb 
SS.SRIAs (unpublished observation). Thus the 
possibility of two independent dissociations appears 
unlikely. 

Since enthalpy changes in protein folding/unfolding 
have been attributed to changes in the accessible polar 
and apolar surface area associated with the folding 
process^^"^^, a large change in A// seen in the S VS 
transformation indicates marked difference in the 
accessible polar surface area during the transition. Thus 
hydrophobic bonding forms major force in the 
transformation process in this system. The change in 
entropy is -62 cals/degree during the S VS 
transformation, almost completely contributed by the 
enthalpy (Table 5). This, based on calculations of the 
thermodynamics of denaturation of proteins indicates 
reordering of a minimum of 15 amino acid residues 
between the MAb and hCG during the SVS 
transformation (4 cals/residue/K)^'^. Thus it is probable 
that at least 15 amino acid residues (consisting those of 
hCG and the antibody) are involved during the 
transformation process. This appears to match well with 
the magnitude of the epitope as deciphered by epitope 
analysisHowever, the entropy change in the first 
step of the reaction is not exclusively due to the 
enthalpy change (AF = 12 kcal/mole), and hence does 
not allow any conclusion to be drawn about the nature of 
this interaction. 
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The equilibrium being affected by the presence of the 
cold hCG is also unlikely. Proportion of dissociation is 
independent of the absolute quantity of the complex, and 
hence formation of the hCG-MAb complex does not 
change the % dissociation. Thus the radioactivity 
released is independent of the formation of large 
quantity of hCG-MAb complex during the dissociation 
of [^^T]hCG-VM4 complex. 

The data also shows the importance of the carrier used 
for coupling of peptides for immunization. It is clear 
from these studies that for the epitopic region of VM4, a 
carrier like hCG molecule itself provides an increased 
binding activity due to secondary reaction with the 
MAb. It was also seen that in several MAbs presence of 
the C-terminal region obstructs the stabilization of the 
complex (unpublished observations). This indicates a 
major role for the carrier in eliciting right antibody 
response, and the method described here can be utilized 
to identify appropriate macromolecule for conjugation, 
In expression of bioactivity slow transformation is 
indeed important as the VS type may form significant 
part of the Ag-Ab complex in circulation and may 
determine the efficacy of the antisera. Identification of 
the transformation reaction also indicates the possibility 
that a small molecular weight drug may exhibit 
enhanced activity on coupling to an appropriate 
nonspecific protein because of the stabilization of the 
[protein-drugj-receptor complex following recognition 
of the drug. Thus measurement of these thermodynamic 
constants can provide useful data in the design of 
synthetic drugs. 

The thermodynamic constants for most of the antigen- 
antibody reactions have so far been determined by 
microcalorimeter. Since macromolecular interactions 
appear to involve subsequent transformations, it would 
be interesting to see how the results obtained by 
microcalorimetry compare with those obtained by the 
realtime kinetic approach as described above. 

The method described in this paper has several 
advantages over the earlier rnethod^^. In this method the 
radioactivity measured at zero time is very small and the 
increase in the radioactivity in a 10-min period is 
several-fold more. This allows accurate analysis of the 
initial part of the dissociation. Operationally, this 
method is far simpler than the other method, requiring a 
single scintillation vial for binding and dissociation. 
Because of the consistency observed in the kinetic 
parameters, they can be used for calculating 
thermodynamic constants which are very crucial for 
understanding the structural aspects of macromolecular 
interactions. This method perhaps will be the least 
expensive method for determination of thermodynamic 
constants in protein-protein interaction. The method is 
also amenable for automation. It is possible to envisage 
the complete automation of the kinetic investigations, 
providing a viable inexpensive alternative for the 
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BIAcore. Further work is in progress towards this end. 
The woes of radioactive disposal do not arise since the 
total disposal of radioactivity is restricted to a single 
scintillation vial in each experiment. 

Kinetic parameters and thermodynamic data 
obtainable from the above approach are based on solid 
phase dissociation. How far these figures match with 
values that can be obtained in the liquid phase reaction 
is unknown. The values may not be very different is 
indicated by the observation that the extent of 
dissociation of the MAb-[^^T]hCG complex in solid 
phase and liquid phase were comparable at low and high 
temperatures (Table 6, Table 4). Despite these 
limitations and in absence of a convenient method to 
determine these parameters in liquid phase, the above 
approach provides an easy method for obtaining the 
thermodynamic data from the kinetic parameters of the 
dissociation reaction. It may also be indicated here that 
thermodynamic constants have indeed been reported 
extensively using BIAcore system which is also a solid 
phase approach^^’^^. The objection that radiolabelled 
hCG differs from unlabelled hCG is unlikely in view of 
the observations that radiolabelled and unlabelled 
proteins behave similarly in a BIAcore dissociation. 
Similarly extent of loss of epitopic activity of hFSH to 
modifications is same whether the modification is done 
using radiolabelled or unlabelled FSH (ref. 25). 
Extensive chemical modification of hCG has failed to 
show significant structural change at majority of the 
epitopic regions^^. These data suggest strongly that 
iodination of hCG does not cause structural changes at 
the epitopic regions, and hence results obtained are not 
artifacts of iodination of the ligand. 

In summary, a method was developed to determine the 
real-time dissociation constants of [^^^I]hCG-VM4 
complex. Based on these data the antigen-antibody 
reaction was deduced to consist of two steps, for which 
thermodynamic parameters were also obtained. This 
method promises to be an inexpensive alternative for 
determining the real-time kinetic parameters of ligand- 
ligate interaction. 
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Incidence of cervical cancer has declined from 1965 
in Bombay, and from 1984 in Kerala; whereas the 
incidence of breast cancer has increased in Bombay 
women from 1978. As female literacy, health aware¬ 
ness, and socioeconomic status improve, women 
marry and bear fewer children later, reducing cervi¬ 
cal cancer, but increasing risk of breast cancer. Dak- 
shina Kannada district in Karnataka resembles 
Kerala in development and health indices for fe¬ 
males. Manipal patients are mostly from north Ker¬ 
ala, DK, coastal Karnataka, and Goa. Trends of 
> 10,000 patients from 1990-94 in the Manipal Hos¬ 
pital Cancer Registry show that numbers of all-new 
(p < 10"^) and new-plus-follow-up (p = 10“"*) cervical 
cancer patients declined since 1992. Cancer of 
breast, ovary and corpus uteri increased from 1990 
to 1994. Cancer of cervix, breast and ovary are 
leading types each year. Female cancer patient pat¬ 
terns in Manipal Kasturba Hospital from 1990 to 
1994 show that the incidence of breast cancer has 
increased and that of cervical declined as in Bombay, 
Trivandrum, and elsewhere. The implications are 
discussed. 

Patterns of cancer change with development because 
risk factors simultaneously change. Incidence of cervical 
cancer declined in Bombay from 1965 (refs 1, 2) and in 
Kerala from 1984 (ref. 3). Incidence of breast cancer 
concurrently increased^’^*"^ as it did internationally^’^. 
Improved female literacy leads to better health aware¬ 
ness. More females start work, marry, and bear fewer 
children later, raising their socio-economic status and 
age at marriage, as it has in Maharashtra and Kerala^. 
This generally raises the age at first coitus/pregnancy, 
reducing risk of cervical cancer and increasing that of 
breast cancer. 

Female health and development indices in Dakshina 
Kannada (DK) district and Kerala with which it is con¬ 
tiguous, are similar, and, with those for Goa, Megha¬ 
laya, and Mizoram are among the best in India. Most 
Manipal patients are from north Kerala, DK, coastal 
Karnataka, and Goa. As underdeveloped people modern¬ 
ize, breast cancer replaces cervical as the most common 
type. This has happened in Bombay. We therefore stud¬ 


ied patterns of female cancer patients in Manipal from 
1990 to 1994 and consider their implications. 

Manipal is 65 km northeast of Mangalore in Dakshina 
Kannada, a coastal district in south-west Karnataka, The 
recently established Hospital Cancer Registry in Kas¬ 
turba Hospital (KH) Manipal*s cancer wing - the Shirdi 
SaiBaba Cancer Hospital and Research Centre ~ collects 
data in two phases as KH is a general hospital and to 
economize on time and effort to efficiently generate a 
unified database. Phase I abstracts cancer site-sex-age- 
followup data from a computerized medical record data¬ 
base of all cancer, noncancer, new, old, and follow-up 
patients. Details of Phase I patients* cancer diagnosis, 
stage, therapy and outcome are abstracted online in 
Phase II. Phase II and Phase I data interact and inter¬ 
lock. 

Records of patients were computerized in the late 1980s, 
primarily for administrative and billing, not scientific, 
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Figure 1. Kasturba Hospital cancer patient distribution (females), 
1990-1994. 


Table 1. All-new and follow-up female cancer patients, Kasturba 
Hospital, Manipal, 1990-94 


Group 

Non-duplicate 

Truly incident new 



description 

ca. pts 

ca. pts 

Follow-up pts 

Year 

n 

n 

(%) 

n 

(%) 

1990 

955 

847 

(88.69) 

108 

(11.3) 

1991 

1028 

890 

(86.58) 

138 

(13.4) 

1992 

1203 

1159 

(96.34) 

44 

(3.7) . 

1993 

1209 

1028 

(85.02) 

181 

(14.97) 

1994 

1192 

943 

(79.11) 

249 

(20.89) 

trend 

n.d. 

74.6 


19.7 


P 

- 

< 10-^ 


10 -^ 
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Table 2. Five major cancers in newly registered female cancer pa¬ 
tients, Kasturba Hos pital, Manipal (199Q-94) __ 

Total Rank 

Year N (1) (2) (3) (4) (5) 


1990 847 Cx 

n 201 
% 23.7 


1991 890 Cx 

n 222 
% 24.9 

n 

% 

1992 1159 Cx 

^ 258 

% 22.3 

n 

% 

1993 1030 Cx 

n 249 

% 24.2 


Breast Ovary 

92 43 

10.9 5.1 


Breast Ovary 

133 62 

14.9 7.0 


Breast Ovary 

179 77 

15.4 6.6 


Breast Ovary 

143 55 

13.9 5.3 


Stom Thyroid 
38 37 

4.5 4.4 

Esoph 
36 
4.3 

0th Mth 
36 
4.3 

Oroph Thyroid 

38 24 

4.3 2.7 

Esoph Lung 

37 23 

4.2 2.6 

0th Mth Stom 

47 43 

4.1 3.7 

Esoph 
46 
4.0 

0th Mth Esoph 

51 44 

4.9 4.3 

Stom 
42 
4.1 


1994 943 Cx Breast 

n 192 128 

% 20.4 13.6 

Esoph. Esophagus; Stom. Stomach; Hypoph, Hypopharynx; Mth. 
Mouth; Cx, Cervix; Oth, other. 


Ovary Esoph Stom 

67 43 40 

7.1 4.6 4.2 


needs. Hence much new software was created to ma¬ 
nipulate and organize this raw database into cancer pa¬ 
tient data tables. Single entries of each cancer patient 
registered per year, and the lowest primary cancer code 
for each patient, were identified. A clean database of 
one entry per patient with one most correct cancer code 
was created. This task was arduous and slow because 
newly-written validated software was needed to remove 
annual duplicate or multiple patient entries and the mul¬ 
tiple codes used by KH’s coding system for primary and 
metastatic cancers. These data are internally consistent, 
validated for gender-cancer, primary-metastasis, pri¬ 
mary, secondary and tertiary disease code differences 
and duplicate entries. Data were most reliable and ab- 
stractable after 1990 which was a cutoff year; pre-1990 
cases were archived. Newly-diagnosed or truly incident, 
and follow-up cases were separated. 

Male:female new and follow-up cancer patient ratios 
exceed 1 in Manipal (1.57), in the Bombay (Tata Hospi¬ 
tal) and Trivandrum hospital registries (1.2 each) (see 
ref. 23) and in Bombay, Bhopal and Barsi populations 
(1.1 each) (see ref. 24)). The rest are mostly 0.8 to 0.9. 
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Figure 2. Data about female cancer patients, Kasturba Hospital, 
1990-1994. 


Truly incident new female cancer (p < 10"^) and follow¬ 
up (p < lO"^) patients declined (Figure 1), as did all 
cancer patient percentages (Table 1). Cervical, breast 
and ovarian cancers lead. Esophagus, stomach, thyroid, 
‘other mouth’, oropharynx, and lung cancer follow 
(Table 2). Cancer of breast, ovary and corpus uteri fre¬ 
quencies increase; that of cervical decline; vaginal and 
trophoblastic cancers are too few for analysis (Figure 2, 
Table 3). Manipal trends resemble those of Bombay, 
Trivandrum and Hong Kong. (Table 4) though cancer of 
cervix remains 1. New patients exceed follow-up-plus 
new cervical patients but the trend is vice-versa for 
breast and ovarian cancer patients (Table 5). Age at 
marriage in Maharashtra and Kerala increases from 

1951 (Figure 3). • ui 

Since these are hospital frequencies which are liable 
to selection bias, not rates from population-based data, 
and the data cover only five years, conclusions should 
be cautiously drawn. However, their consistency and 
resemblance to data from other Indian west coast places 
(Bombay and Trivandrum), and Hong Kong , Cali , 
Puerto Rico'^'’^ Japan'^'^^ and Singapore^^ suggest they 
may be real. Such changes also occur in disadvantaged 
groups of some developed countries, e.g. blacks in Bay 
Area, USA'^"'^. 

If confirmed, these findings suggest that changes in 
Bombay and Trivandrum also exist in Manipal and its 
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hinterland. Small differences and the few years covered 
by our data may explain the lack of statistical signifi¬ 
cance, though they concur with small increases elsewhere 
(see ref. 25). Cervical cancer decline may be due to later 
age at marriage and other factors like improved 


Table 5. Major female cancers, Kasturba Hospital, Manipal, 
__ 1990-94 

Cancer Mean annual number and relative frequencies 




Newly incident 

Follow-up + Newly incident 

Total 

N 

973.8 

1118 


% 

100 

100 

Breast 

n 

135 

162.1 


% 

13.9 

14.5 

Ut Cx* 

n 

224.4 

254 


% 

23.04 

22.7 

Ut body* 

n 

11.6 

12.3 


% 

1.2 

1.1 

Ovary 

n 

60.8 

72.4 


% 

6.2 

6.5 

Rest 

n 

542 

619 


% 

55.7 

55.2 


*Ut, Uterine; Cx, Cervix. 


health awareness, cytology services, reduced exposure 
to risk factors and a cohort effect^’^ for which Manipal 
data are not presently available. Incidence of breast can¬ 
cer exceeded that of cervical in Bombay Parsis, Sindhis, 
Christians and Moslems mostly because of their higher 
literacy, educational, and socio-economic standards^^”^^ 
even before it did of all Bombay women. The same fac¬ 
tors may operate in Trivandrum, Kerala^’^^ 

Females are less than males in India’s population ex¬ 
cept in Kerala, DK, and ‘developed’ states like Goa, 
unlike in most other countries. Female cancer patients 
exceed males in some Indian registries^®”^'^ usually be¬ 
cause cervical cancer dominates. Despite this, male pa¬ 
tient excess in at least half the national cancer registries 
suggests that antifemale bias may reduce interaction of 
females with the healthcare system. Surprisingly, this, 
also exists in Manipal, though it may indicate fewer 
cervical cancers. 

New and follow-up patients of each cancer type peak 
in 1991-1992 in Manipal, maybe because of a cancer 
facility started in Mangalore that year. The many north 
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Figure 3. Trends in the level of mean age at marriage in Kerala and 
Maharashtra, 1961-1981. 


patients from Kasargod, Kannur and Kozhikode may 
explain patterns resembling those of Trivandrum ’ 
Differences in new and follow-up patients with these 
cancers may be due to increasingly available surgical 
treatment for breast and ovarian cancers and less due to 
availability of radiotherapy for cancer of cervix (though 
it exists in Kozhikode, and in Mangalore since 1992) 
outside Manipal. A similar trend was noted in Bom- 
bay^^. Additional studies from places similar to Manipal 
like Goa, could confirm these findings. 

Diseases presently uncommon in developing countries 
may increase in the future unless risk factors are re¬ 
duced now^^’^^. How? Increase health education to im¬ 
prove health awareness, genital hygiene and safe sex, 
avoid unnecessary life-style changes with ‘moder¬ 
nization’ which are risk factors for such diseases^^. If 
the epidemiological and biological risk factors for cer¬ 
vical cancer, common in developing countries, and of 
breast cancer which are opposite and more.common with 
development of women^^"^^, are known more widely, 
cervical cancer incidence may drop as in Sweden^* and 
Kerala^^ It may also help control births, and sexually 
transmitted diseases such as AIDS. Simultaneously, 
teach women about cancer avoiding diets and lifestyles, 
breast self-examination, the value of a regular cancer 
check-up after the age of thirty, and how to interact with 
the healthcare system without fear. Then the incidence 
and mortality of other major female cancers like breast, 
ovary, corpus uteri, may also decline. Knowing that 


these costly chronic diseases are preventable may em¬ 
power women at risk with tools to avoid development 
becoming the mixed blessing it is in the affluent West, 
and live healthier lives. Cancer prevention education to 
reproductive age females may thus yield valuable social 
and economic dividends. 
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Optimal pH conditions for the 
growth, release and stability of 
Japanese encephalitis virus in PS cell 
line 
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and R. P. Deolankar 

National Institute of Virology, Dr Ambedkar Road, Pune 411 001, 
India 

Effects of pH of the medium on the growth, release 
and stability of Japanese encephalitis virus (JEV) 
were studied with an aim to optimize the conditions 
for the virus stock preparation. Eagle’s minimum 
essential medium (MEM) was modified by addition 
of 30 mM HEPES and reduction of NaHCOs to 
0.85 g/l. The pH values were adjusted to 7.2, 7.4, 7.6, 
7.8 and 8.0 by 1.0 N HCI or 1.0 N NaOH. The study 
revealed that the optimum pH values for the growth, 
release and stability of JEV were 7.4, 7.8 and 7.6 re¬ 
spectively. 

The significance of optimum nutrient composition for 
the growth of Japanese encephalitis virus (JEV) in PS 
cell cultures has been reported earlier by us^ Further op¬ 
timization of conditions for the release and the stability of 
the progeny virions is of utmost importance, especially if 
preparation of the vaccine is intended from this stock. 

There are reports that among other factors, the viral 
integrity, stability and infectivity are dependent on the 
pH of the medium. Purified JEV loses its structural in¬ 
tegrity at pH 6.2-6. 6 , the pH at which the haemaggluti- 
nation test is carried out. Russel et al. found excellent 
preservation of infectivity of JEV during purification 
procedure using tris-saline EDTA buffer pH 8.2 (ref. 2). 
The stability of Dengue virus was found to be optimum 
at pH 8.0 (ref. 3). Fusion of virion envelope with the 
plasma membrane has been proposed as being involved 
in the infectious entry of enveloped viruses'^. Fusion of 
viruses with liposomes containing phosphatidylcholine, 
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phosphatidylethanolamine, sphingomyelin and choles¬ 
terol was found to be pH-dependent, which may finally 
be accounted for the infectivity of the virus. Fusion of 
enveloped viruses with cellular or artificial lipid target 
membrane can occur either in neutral pH (Paramyxo and 
Herpes) or can be triggered by mildly acidic pH 
(Togaviridae, Rhabdoviridae, Bunyaviridae)^. Flavivirus 
infectivity and haemagglutinin are stable at pH 8.0 to 
8.4 (ref. 6 ). It is also possible to achieve significant in¬ 
crease in amount of virus release per cell by increasing 
ionic strength of the medium^. 

With this background, the present study was carried 
out to know the effect of pH on the growth, release and 
stability of JEV (Nakayama strain). 

PS cell line at passage number 79 through 87 was 
grown in Eagle’s minimum essential medium [MEM 
(E)] supplemented with 10% goat serum (GS) and con¬ 
fluent monolayers were maintained in the same medium 
without GS. Subcultures were prepared by splitting the 
trypsinized monolayer in 1:4 ratio. Viable cell count 
was determined by Trypan blue dye exclusion method. 

The medium M -8 (ref. 1) was used with a few modifi¬ 
cations. HEPES buffer was added at a concentration of 
30 mM and NaHCOa was reduced to 0.85 g/l. The pH 
values of the media were further adjusted by addition of 
1.0 N HCI or 1.0 N NaOH. The test media having pH 
7.2, 7.4, 7.6, 7.8 and 8.0 at 37°C were prepared. 

JEV Nakayama strain which underwent 52 mouse 
brain passages and 5 PS cell culture passages was 
plaque-purified thrice in PS cells. The titre of the stock 
was 10^-^ PFU/ml. 

Confluent monolayers of PS cells were employed for 
growth of virus. Milk dilution (MD) bottles of PS cul¬ 
ture were infected with 0.1 PFU of virus/cell. Virus in¬ 
oculum (0.4 ml) was allowed to adsorb on the 
monolayer for half an hour at 37°C. The monolayers 
were then washed with PBS, fed with test media having 
different pH and incubated at 37°C. The pH values were 
monitored visually using a phenol red pH indicator. Ten 
culture bottles were used to test each medium. Extra¬ 
cellular tissue culture fluids (ETCF) were collected at 
24, 40 and 48 h post infection (hpi). The progeny viral 
content of pooled ETCF was assayed by end point dilu¬ 
tion method and the 50% tissue culture infective dose 
(TCID 50 ) was calculated^ The experiment was repeated 
thrice and averages were compared using t test^. 

MD bottles were infected with JEV as described 
above and fed with M 8 medium. ETCF of infected 
monolayers were discarded after 40 h post infection. 
Five groups of 10 MD bottles each were fed with the 
five test media having different pH and incubated for 
1 h at 37°C. The virus released during 1 h was assayed 
by end point dilution method. Experiments were re¬ 
peated thrice and averages were compared using t test. 

Aliquots of the seed virus suspension having titre 7.5 
log TCID 50 /O.I ml were diluted 1:10 to required pH val- 
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Figure 1. Effect of pH on (a) the growth of JEV; (b) the release of 
JEV; and (c) the stability of JEV. 


ues ranging from 7.2 to 8.0, and incubated at 37°C for 
18 h. The TCID 50 of the residual virus was determined 
and the results were compared using t test. 

The effects of pH on growth, release and stability of 
JEV in PS cells using media of pH level ranging from 
7.2 to 8,0 were studied. The data on virus titre was 
transformed by subtracting 6.5, 2.5 and 4 for growth, 
release and stability respectively for better graphical 
presentation. Observations are given in Figure 1 a-c. 


From Figure 1 a, it was observed that the titre of 
ETCF from culture bottle containing medium of pH 7.4 
was maximum at 48 hpi. The optimal pH requirement of 
7.4 appears to be stringent as deviation of as little as 
0.2 pH units on either side resulted in a considerable 
drop in the yield of the virus (P < 0.01, Figure 1 a). 

Optimum release was observed in medium having pH 
7.8. Significant reduction in release of virus was ob¬ 
served in media having pH range 7.2 and 7.4 (P < 0.01; 
Figure 1 b). 

Residual virus was maximum in media having pH 7,6. 
Decline in residual virus was observed in media of pH 
7.2 and 7.8 (P < 0.01; Figure 1 c). 

It is evident from TCID 50 titres that yield of JEV was 
maximum in medium having pH 7.4. Gollins and 
Porterfield^^ observed uncoating of West Nile virus with 
1 min lag phase and RNA remained infectious in me¬ 
dium having pH 7.6, whereas, in the medium having pH 
6 . 2 , the viral uncoating occurred rapidly without lag 
phase and uncoated RNA appeared less infectious. Our 
observation on less infectivity in acidic pH supports the 
above report. 

From the study on release of virus, it can be seen that 
the maximum release of virus within 1 h was observed 
when the infected culture bottles were fed with the me¬ 
dium of pH 7.8 and 8.0 which were slightly more alka¬ 
line than the optimal pH for the growth, indicating that 
slight alkalinity favours the release of the virus. 

It is evident that the optimal stability could be ob¬ 
tained in pH 7.6. Bloedhorn^^ observed maximum sta¬ 
bility of Grazi strain in Tick Born Encephalitis (TBE) 
virus (an arbovirus), at pH 7.5 and the virus was more 
stable in Tris buffer than in phosphate buffer. Our ob¬ 
servation on optimal pH for stability is comparable to 
the above report. 

From the present study it can be concluded that there 
are different pH optima, for the growth, release and 
stability of JEV and it would be better to maintain the 
pH conditions, wherever possible, to get the optimal 
results while cultivating JEV in vitro. A popular practice 
emerged from these observations in our laboratory to 
grow JEV in PS cell line is to (a) maintain the pH to 7.4 
during the growth of the virus and (b) raise the pH to 
7.8 one hour prior to harvest of the ETCF. These obser¬ 
vations are useful for mass cultivation of virus in bio- 
fermentors. 
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A new human fossil find from the 
Central Narmada Basin and its 
chronology 

Anek Ram Sankhyan 

Anthropological Survey of India, 27 Jawaharlal Nehru Road, 

Calcutta 700 016, India 

We report here a clavicle fossil finding of the Early 
Stone Age Man from the Central Narmada basin in 
its bio-cultural context that sheds new light on the 
evolution of Homo sapiens in South Asia, 

Following the discovery of a partial cranium^ of Fossil 
Man from the Central Narmada Valley, the Anthropo¬ 
logical Survey of India launched an extensive, hunt for 
the fossil and lithic relics of the Palaeolithic Man in the 
Central Narmada basin. Explorations were conducted 
during 1983 to 1992 between Jabalpur and Punasa 
(Khandwa) covering 50 sites that yielded a rich assem¬ 
blage of over 700 lithic artifacts, mammalian fossils and 
a hominid clavicle. A monograph on these findings is in 
preparation. A brief reporting of the important hominid 
fossil finding in its bio-cultural context is made here 
retaining the detailed account slated for elsewhere. 

The present hominid fossil (Figure 1) was recovered 
from the unit I of the Boulder Conglomerate^ bed at 
Hathnora that previously yielded the hominid partial 
cranium. Hathnora is located 22 km crow-flight distance 
north-east of the town of Hoshangabad along the right 
bank of the Narmada in Sehore District (Madhya 
Pradesh). The specimen is a fully fossilized right homi¬ 
nid clavicle and is well preserved except for a minor 
erosion near the medial end. The robust and rugose 
character of the specimen and the fused medial epiphy¬ 
sis^ indicate an adult person in the age group of about 
25 to 30 years. 


The maximum total length of the fossil clavicle is 
90 mm, which characterizes it as the shortest clavicle 
among the Middle to Late Pleistocene hominids, includ¬ 
ing East African Homo erectus, European and Middle 
East Neanderthals/early Homo sapiens. It is comparable 
only to the modern human pygmies, the Onges and the 
Andamanese in clavicular length. However, in its highly 
robust character (with very high caliber index of 45.6) it 
has no parallels among the known extinct and extant 
hominid clavicles. Coupled with other unique morpho¬ 
logical characters like very rugose and rugged sub¬ 
clavian area, less-expanded medial epiphysis, well- 
developed rhomboid fossa, less axial torsion and rela¬ 
tively-flattened diaphysis, the Narmada hominid clavicle 
characterizes an archaic, robust, short and stocky homi¬ 
nid. On these counts, it stands uniquely different from 
African Homo erectus as well as from the Neanderthals 
and western archaic Homo sapiens. The present post- 
cranial evidence thus opens up a new dimension for un¬ 
derstanding the phylogenetic relationships of the 
Narmada hominid, which is hithertofore considered ei¬ 
ther to be similar to the South-East Asian Homo- 
erectus"^ or to an European Neanderthal/archaic Homo 
sapiens on partial cranial^ or cultural^ evidence. 

The lithic cultural evidence recovered by us from 
Hathnora comprises of 36 Late Acheulian to Microlithic 
tools. But most of these are surface collections from the 
top of the Boulder Conglomerate platform and probably 
was derived from the upper Concretionary Clays and 
Black Cotton Soil.. Only 11 tools chiselled out from the 
unit I Boulder Conglomerate bed may be considered of 
in situ nature. These are assignable to the terminal phase 
of the Acheulian culture and include two small hand- 
axes, one flattish and another miniature biconvex, two 
small V-shaped cleavers, one flattish bifacial chopper, a 
small discoid, an awl, a backed knife, two side-cum-end 
scrapers and a notched one, all made on reddish, pur¬ 
plish and greenish quartzite pebbles. Late Acheulian 
tools have also been reported by other workers®'^ from 
the Hathnora Boulder Conglomerate as well as from the 



Figure 1. Inferior view of the Narmada hominid right clavicle. 
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overlying Pink Clays. As such, although our collection 
from the Boulder Conglomerate horizon of the Central 
Narmada basin elsewhere is very rich in Early as well as 
Middle Acheulian tools, yet the Narmada Man at Hath- 
nora could be associated with the Late Acheulian culture 
on the evidence available at present. 

The cultural, biostratigraphic and absolute chronology 
of the Narmada Man at Hathnora is, however, debatable. 
The appearance of Acheulian culture in India is consid¬ 
ered an event of earlier to 0.4 million years^° BP on 
Th^^^/U^^"^ dating. The mammalian fauna in our collec¬ 
tion from the Boulder Conglomerate horizon include 
cranial, dental and postcranial material belonging to 
Bub alas palaeindicus, Bos namadicus, Equus namadi- 
cus, Elephas namadicus, Stegodon sp., Hexaprotodon 
palaeindicus, Cervus duvauceli, etc. These are indica¬ 
tive of a Middle/late Middle to early Upper Pleistocene 
age, as also inferred by other workers. Coupled with the 
biostratigraphic and cultural evidence, the youngest 
Toba Ash horizon (ca. 75000 yrs BP) in the Narmada 
basin provides an estimate of 0.2 to 0.3 Myr^^ for the 
Hathnora Man. But considering the upper age limit of 
0.7 Myr^^ for the Narmada sequence based on palaeo- 
magnetic dates, the current opinion on Hathnora Man’s 
dating is of an age above half a million years BP. This 
now seems reasonable in view of a K-Ar date of 
0.67 ± 0.03 Myr^^ for the Early Acheulian culture at 
Bori, Pune. 

Our detailed Narmada Report would attempt reas¬ 
sessment of the evolutionary relationships of the Nar¬ 
mada Man in a global framework. 
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The mode of epibiont attachment on 
molluscs in Chandipur Beach, Orissa 
and its palaeontological implications 

Tuhin Ghosh 

Department of Geological Sciences, Jadavpur University, 

Calcutta 700 032, India 

Epibionts attach themselves on hard parts of other 
organisms so as to complete their own life cycles. 
Host organisms may be dead or alive during the at¬ 
tachment time. Chandipur coast in Orissa, offers to 
study various types of marine epibiont attachments 
on other animals, particularly on molluscs. The na¬ 
ture of attachments provides clues to deduce life 
modes of the host molluscs and timing of attach¬ 
ments. Its paleontological implications are also ex¬ 
plored. 

Epibionts attach themselves on live or dead shells of 
other organisms. The host may be sessile or mobile. 
Even in rock records there are numerous examples where 
epibionts are attached to diverse groups of host animals. 
The relationship between them is usually symbiotic or 
may be, in some cases, parasitic. In any case, it is pos¬ 
sible to deduce the life habit and timing of attachment 
from the nature of attachment. By drawing analogy from 
the recent epibiont attachment we can have better in¬ 
sight into the problems encountered in the rock records. 

The present study concerns observations on various 
epibiont attachments on different kinds of host organ¬ 
isms which help in determining the life habit of the lat¬ 
ter and the timing of attachment, i.e. whether host was 
alive or dead during the epibiont infestation. 

The Chandipur coast in Balasore district, Orissa 
(Figure 1) is characterized by very wide (~4 km) tidal 
flat fringed by a narrow beach on the northern side. The 
Buribalam river and its emerged terrace now covered 
with marsh is on the east; southward beyond the tidal 
flat and shoreface of the Balasore shelf is planer\ The 
beach is skirted by aeolian dunes beyond which, further 
landward lies recent alluvium bordered by Nilgiri hills 
which are situated about 40 km from the studied coast¬ 
line^, The coastal zone is presently undergoing intense 
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erosion due to encroachment of sea. None of the geo- 
morphic components is in equilibrium with the wave 
dynamics prevailing at present. The shoreline in this 
sector is trending in a NE-SW direction. 

Chandipur coast supports diverse marine life, of 
which molluscs are predominant. Both bivalves and 
gastropods are equally abundant. They have various 
ways of life and are found in different modes of preser¬ 
vation. Live animals are rarely found. Bivalves are 
mostly disarticulated and fragmented, and are ■ found 
mostly as wave lags aligned parallel to the shoreline. 
The vast array of morphologic types of this area is a 
biological storehouse providing information of different 
life modes of molluscs. 

The epibionts include both epizoans and epiphytes. 
Epizoans are mainly oysters, i.e. Crassostera cf. cut- 
tackensis (Newton & Smith) and Saccostrea cucullata 
(Born) and barnacles {Balanus sp.), a crustacean. The 
epiphytes include green-coloured algae whose specific 
identification could not be made. Both the barnacles and 
oysters are cemented to any object which provide hard 
substrate for cementation. Many organisms, mainly 
molluscs, are found to be attached by these epibionts. In 
case of gastropod hosts, which are both abundant and 
diverse along the beach sediments, epibionts attach 
themselves on both live and dead shells. In case of dead 
host, the attachment is random, all around, even on the 
apertural region (Figure 2 a, h). 

The closing of aperture would be fatal for live animals 
and it is no wonder that not a single live gastropod is 
seen to have epibiont attachment near aperture or on the 
lower surface. Lower surface lying in direct contact with 
the substrate in case of live animals is not available to 
any epibionts. Therefore, live hosts as a rule carry 
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epibionts on the upper surface (Figure 2 c). Barnea 
Candida (Linnaeus) is a bivalve belonging to the family 
Pholadiadae. The genus has been reported from various 
parts of the world^. They are extremely thin-shelled, 
cylindrical and streamlined with both the pedal and si- 
phonal gapes and have ornamentation on the external 
surface. They are known as borer into stiff clay or 
weathered rocks^. Some species of Barnea also burrow 
into soft sediments'^. The Indian species, i.e. Barnea 
Candida inhabits intertidal zone and is found all along 
the East coast, i.e. in Chandipur, Gangasagar and 
Bakkhali. In all these regions, the species is never found 
alive or even intact shells are also rare, The shells are 
mostly disarticulated and scattered in distribution. The 
nature of preservation and rarity of live individuals sug¬ 
gests sublittoral zone as their native habitat. Therefore, 
no direct observation could be made with respect to 
their mode of living. It is even presumed that they are 
deep infauna^ and accumulation of disarticulated valves 
results from the transportation by waves after being 
posthumously exhumed. But epibiont attachment on dis¬ 
articulated valves provides clues to their actual life 
mode. The epibionts, mainly barnacles and algae, are 
invariably attached on the posterior side of the valves 
(Figure 2d). This clearly signifies the preexhumation 
attachment. The mode of attachment indicates that host 
organisms, i.e. B. Candida have semi-infaunal life mode 
with posterior part exposed above the substrate. But it 
remains uncertain whether the host animal was alive or 
dead during attachment. The following case study pro¬ 
vides much stronger ground for timing of attachment. 

Extensive ancient marsh all along the Eastern coast is 
locally exposed from below a thin veneer of beach 
sands*^’^ during recent beach erosion. The ancient marsh 
constitutes stiff black mud which supported typical tidal 
mangrove and monotypic bivalve community character¬ 
ized by Glauconome sculpta (Sowerby) of estuarine 
facies. The bivalve is thin-shelled, elongated and 
streamlined with external surface ornamented with con¬ 
centric costae. These bivalves are numerous and colo¬ 
nized the whole stretch of low-water mark of the ancient 
marsh (Figure 2 e). The marsh has been radiometrically 
dated as being around 3000 years old^. During exhuma¬ 
tion of marsh in recent times, the bivalves are locally 
reworked and get admixed with modern beach fauna 
indicating extensive time-averging®. These bivalves are 
semi-infaunally positioned within the sediments, indicat¬ 
ing their life mode. Their posterior ends are always ex¬ 
posed above the surface and thus provide hard substrate 
for epibiont attachment. Epibionts are marine- small 
oysters or barnacles of very recent origin. Bardhan et al, 
showed that around 3000 years ago, the Indian eastern 
coastline was rapidly transgressed so that beach envi¬ 
ronments prograded directly over the marsh of estuarine 
facies. 
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Figure 2 All around cpibiont {Saccostera cucidlata) attachment on a gastropod (Jelescopium telescopium) host indicating post¬ 
mortal infestation, fl, Apertural view x 0.75. 6, Upper view x 1. c, A live gastropod (Jhais lacera) carrying a Balanus epibiont on its 
upper side. Note the trail left by the gastropod and the epibiont sitting just above the aperture (see arrow), d, Barnea Candida, Note 
epibionts (both algae and Balanus) attachment on the posterior part. External view of right valve x 1. e, Nunaerous Glauconome 
sculpta shells are semiinfaunally positioned in their life attitudes within the muddy marsh sediment, Chandipur. /, Oysters sitting on 
the dorsal commissure of G. sculpta shell indicating the post-moral infestation x 1. 


Therefore it appears that epibiont attachment takes 
place on hosts which are of different environments, thus 
indicating allochthonous time-averaging^’^°. That epibi¬ 
ont attachment is a postmortal infestation becomes ap¬ 
parent when oysters are even found sitting on the top of 
the dorsal commissure of G. sculpta shell (Figure If) 
The organisms are rarely preserved in their life posi¬ 
tions in the rock record. Various taphonomic processes 
are involved in determining the ultimate disposition. 
The information loss in between may even amount to 
complete obliteration of palaeoecologic data. There are 
many fossil species which are nondescript and lack typi¬ 


cal functional morphologic traits and thus provide al¬ 
most no clue to their life mode. This is particularly true 
for organisms inhabiting between two ecological 
boundaries and hence are not optimally adapted, dis¬ 
playing wide range of intraspecific variation. For ex¬ 
ample, Mactra meritriciformis (Deshayes) living as 
shallow burrowers in intertidal area and G. sculpta 
having semi-infaunal way of life in swamp, give hardly 
any clue to their specific ecologic niche when they are 
exhumed. Epibiont attachment may occasionally com¬ 
pensate the information lost in the subsequent process of 
fossilization. 
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The buoyancy control in one anamonite genus Bu- 
chiceras (Hyatt, 1875) came into light through the study 
of epizoic oysters on it^^ Previously, Seilacher^^ had 
shown this overgrowth of oysters took place when the 
ammonite was alive and capable of remaining afloat 
with the increasing weight of the oysters.. In another ex¬ 
ample from Cretaceous Bagh-beds (MP), many speci¬ 
mens of Placenticeras (Meek, 1870) ammonites have 
oyster attachments on their internal moulds. Ammonite 
shells, being originally aragonitic, are very unstable 
during diagenesis and original shells are mostly recrys¬ 
tallized to calcite or undergo dissolution leaving only in¬ 
ternal moulds. Now, overgrowth of oysters on internal 
moulds clearly implies that the timing of attachment must 
have involved some complex taphonomic processes. Or¬ 
ganisms were buried, the original shell was dissolved 
during early diagenesis, leaving only indurated internal 
mould Specimens are reported from a hard-ground hori¬ 
zon which facilitates early lithification (pers commun.). 
These internal moulds were subsequently reworked and 
provided hard substrate for oyster attachment. 

Raup and Stanley^"^ described the Devonian bivalve, 
Modiomorpha concentrica (Conrad) with epibionts en¬ 
crusting in the posterior part. Because of this preferential 
encrustation they concluded that the host bivalve species 
was alive and the animal had semi-infaunal life mode. 
While the present author fully agrees with their interpre¬ 
tation with regard to the way of life of the host animal on 
the basis of the evidence of epibiont attachment, the tim¬ 
ing of attachment may not, however, be always the same. 

In the present study of G. sculpta, it has been demon¬ 
strated that infestation was a post-mortal event since or¬ 
ganisms show ecologic incompatibility and time¬ 
averaging. No wonder that telescoping of organisms of 
different environments in a single horizon has also been 
observed in fossil records. Fursich and Kauffman^"^ for 
example, described freshwater unionids in life position 
amidst brackish water molluscs from the Albian se¬ 
quence of Wyoming 

Barnea is a highly variable pholadid genus belonging 
to the family Pholadiadae. It is usually described as a 
boring organism into different substrata such as stiff 
clay, weathered rocks, etc. and to our knowledge not a 
single species is known to have semi-infaunal life mode. 
B. Candida, the common Indian species, is axiomatically 
considered as deep burrowing organism‘\ But evidence 
such as preferential encrustation of different epibionts 
along the posterior region suggests that the Indian spe¬ 
cies perhaps evolved to adapt a semi-infaunal life within 
stiff clay sediments without sacrificing its streamlined 
shape and other features which may otherwise indicate 
deep boring form when considered in isolation. 


1. Niyogi, D., Bull Geol. Min. Met. Soc. India, 1970, 43, 1-36. 

2. Pascoe, E. H., Govt, of India Publ., Calcutta, 1964, vol. 3, pp. 
1-2130. 


3. Cox, L. R. et ai, Bivalvia-Heterodanta: Treatise on Inverte¬ 
brate Palaeontology (ed. Moore, R. C.), Geol. Soc. Am. Univ. 
Kansas, 1969, vol. 2, p. 952. 

4. Abbott, R. T., Golden Press, New York, 1986, p. 280. 

5. Rao, N. V. S. (ed.). Fauna of West Bengal, Zool. Surv. India, 
1992, p. 268. 

6. Chakraborti, P., Mem. Geol. Soc. India, 1991, pp. 25-30. 

7. Chakraborti, P., Mem. Geol. Soc. India, 1991, pp. 165-181. 

8. Bardhan, S., Ghosh, T. and Bose, S., Palaeogeogr. PalaeoclT 
matol. PalaeoecoL, 1995, communicated. 

9. Frey, R.W. and Basan,P.B., Sen. 1981,13, 1 11-155. 

10. Fursich, F. T. and Aberhan, M., Lethaia, 1990, 23, 143-152. 

11. Heptionstall, W. B., Lethaia, 1970, 3, 317-328. 

12. Seilacher, A., J. Paleontol., 1960, 34, 189-193. 

13. Raup, D. M. and Stanley, S. M., Principles of Palaeontology, 
CBS Publishers, New Delhi, 1985, p. 481 

14. Fursich, F. T. and Kauffman, E. G., Palaeontology, 1984, 27, 
501-536. 

ACKNOWLEDGEMENT. I thank S. Bardhan, Jadavpur University 
for kindly reviewing the manuscript, P. K. Bose, S. K. Chanda and T, 
Ganguly for suggesting improvements on the earlier version of this 
work. I am indebted to Jadavpur University for providing all infra¬ 
structural facilities. 

Received 26 February 1996; revised accepted 3 September 1997 

Evidence of Middle to Late Holocene 
neotectonic activity in the Ganga Plain 

I. B. Singh*, G. Rajagopalan^, K. K. Agarwal*, 
P. Srivastava*, M. Sharma* and S. Sharma* 

^Department of Geology, Lucknow University, Lucknow 226 007, 
India 

‘*’Birbal Sahni Institute of Palaeobotany, Lucknow 226 007, India , 

We report here the development of fracture planes, 
bending and tilting of the beds, and block movement 
in cliff section of the Sengar river, a tributary of the 
Yamuna river. 

Foreland basins are characterized by syndepositional 
activity, which is more pronounced along the orogen- 
ward as well as cratonward margins. The Ganga Plain is 
an active foreland basin where effects of active tectonics 
are evident’. Lately, several studies have documented 
evidences of active tectonics which has controlled the 
development of geomorphic features and the alignment 
of river courses in the Ganga Plain^"’*^. Based on the 
pattern of tectonic activity, three major zones are iden¬ 
tified in the Ganga Plain, namely the Piedmont zone, 
Central alluvial plain, and Marginal alluvial plain^’^’. 

The Marginal alluvial plain and the southern part of 
the Central alluvial plain show evidences of vertical 
upliftment causing deep incision of the river sys- 
tem’’”'^^. In this paper, we report development of frac¬ 
ture planes, bending and tilting of the beds, and block 
movement in cliff section of the Sengar river, a tributary 
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Figure 1. Location map showing area of study. 


of the Yamuna river in the Ganga-Yamuna Doab 
(Upland Interfluve) (Figure 1). The tectonic features 
have affected a well-developed calcrete conglomerate 
horizon containing shells, dated 9960 ± 80 yr BP, sug¬ 
gesting an episode of neotectonic activity in the Middle 
to Late Holocene. For the ’‘'C-dating, the bivalve shells 
were thoroughly cleaned, and treated with 1% HCl for 
5 min to dissolve the surface material which might have 
got contaminated due to isotopic exchange. The sample 
was processed for *‘’C assay, using the procedure de¬ 
scribed by Rajagopalan et . The age of the shell 
was found to be 9020 yr = 5730 ± 40 yr). Using the 
age calibration computer program Ver. 3.0.3 (ref. 14), 
and based on the dataset of the Kromer and Becker , 
the calibrated age of the sample (BS-1324) was deter¬ 
mined as 9960 ± 80 yr. 

In the generalized models proposed for the foreland 
basins, it is often argued that period of thrust-sheet 
loading in the orogen is followed by a relaxation phase, 
when there is increased tectonic activity in the periph¬ 
eral bulge^®’’’. It has been emphasized that during re¬ 
laxation phase the axial river system shifts towards 
orogen, and the sediments of the peripheral bulge are 
eroded'’’'®. However, in the case of Ganga Plain the 


A 



I::: I Clayey silt I:! 11 il Silt IHII] Fine sand 

Fm Bedded calcrete IlO] Calcrete gravel 
is s I Molluscan shells 

Figure 2. Litholog along the A-A' section. The topmost lithounit of 
mottled silt is not developed along the section line. 

tectonic activity in the peripheral bulge led to the verti¬ 
cal upliftment where the axial river system responded by 
making deep incision, without shifting their position". 
The areas between two major rivers make depositional 
upland interfluve surfaces (doab), which are beyond the 
reach of the floods in the channels". 

The stratigraphy of the upland interfluve deposits is 
made up of sloping surfaces, flat areas, small channels, 
ponds and lakes, which are exposed in the cliff sections 
and the ravines of the rivers". A well-developed 10 m 
thick cliff section is exposed on the southern bank of the 
Sengar river near the road bridge of the NH 2 near the 
Mavar village (Figure 1). A generalized lithological 
succession is given in Figure 2. A characteristic lithol¬ 
ogy of this succession is 1.0 m thick horizon of calcrete 
conglomerate, rich in molluscan shells showing promi¬ 
nent trough cross-bedding. The clasts of the conglom¬ 
erate are made up of mm to several cm size calcrete 
nodules; the matrix is composed of medium to coarse¬ 
grained quartz sand. It is a lensoid body showing chan¬ 
nelized character. The bivalve shells of this horizon give 
an age of 9960 ± 80 yr (BS-1324) by '‘'C-method. 
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The origin of this calcrete conglomerate horizon is 
probably due to reworking of calcrete-bearing silty 
sediments by rain water; winnowing away the fine¬ 
grained fraction and concentrating the coarse fraction 
(mainly the calcrete nodules). Concentration of this 
material took place in small channels, where during in¬ 
tense rain strong current velocities were generated to 
form large bedforms, which produced trough cross- 
bedding^^’^^. The molluscan population lived in small 
pools within the channel. During flood events, the mol¬ 
luscs were washed and deposited along with the sedi¬ 
ments. Majority of the lamellibranchs are double- 
valved, suggesting their burial, while still living. This 
excludes the possibility of long-distance post-mortal 
transportation of the molluscan fauna. The horizon of 
calcrete conglomerate is followed by a 1.5 m thick de¬ 
posit of silty clay, not present in the measured section 
(A-A'), but towards east of the cliff. A number of shell 
beds which occur several metres below the surface in 
the Ganga-Yamuna doab have been dated by 
method; and a rate of sediment accumulation of 2- 
3 cm/100 yr has been calculated for the Holocene 
(unpublished data). Thus, the 1.5 m thick silty clay hori¬ 
zon above the calcrete conglomerate may represent 
deposition during time span of 9-5 ka. The topmost part 
is anthropogenically disturbed. 

The cliff section along the Sengar river is exposed for 
about 200 m, with maximum elevation of 10 m above 
the river bed. The cliff shows prominent fractures which 
belong to the two sets with orientations of NNE-SSW 
and NNW-SSE (Figures 3 and 4), affecting the entire 
succession of the cliff. There are also evidences of 
bending of beds, which show dips of about T" (Figure 
5). One may argue that can the fractures observed be 
related to the compaction of the sediments? The frac¬ 
tures produced due to compaction show random orien¬ 
tations in different lithologies. The fractures described 
above cut across the lithological boundaries and main¬ 
tain consistent geometry and orientation throughout the 
area of study. Hence, these fractures are product of 



Figure 3. Field photograph of the cliff along Sengar river showing 
two sets of fracture planes. 



|.^ I Calcrete conglomerate with molluscan shells Bedding surfaces 

[nni F’ine sand y Fractures 

Figure 4. Sketch of the cliff along Sengar river. The major fracture 
planes are emphasized. 



Figure 5. Field photograph showing open fracture cutting the cal¬ 
crete conglomerate horizon (C). There is slight dip away from the 
observer. 


extensionai processes in response to consistent tectonic 
stress conditions. 

A general survey along the Yamuna, Chambal and 
Sengar rivers and in the ravines of Kanpur Dehat, Jalaun 
and Etawah districts demonstrates that the major rivers 
flow mainly in the E-W direction showing cliffs of 10- 
30 m height. The area shows evidences of tilted blocks, 
domal upwarping of the sedimentary cover attaining 
dips of 8-10° on the flanks. The entire surveyed area 
shows prominent conjugate system of fractures oriented 
in the NNE-SSW and NNW-SSE directions. The con¬ 
jugate system has controlled the breaking of the cliffs in 
characteristic triangular shapes, which are rotated back¬ 
wards. 

The continued northward push of the Indian litho¬ 
sphere and the overloading in the Himalaya caused 
downbending of the lithosphere in the central and 
proximal parts of the Ganga Plain foreland basin, and 
upliftment in the peripheral bulge near the cratonward 
margin. To accommodate the sediments, there is exten¬ 
sionai tectonics^^ to create the space near the cratonward 
margin of the foreland basin. Evidences of such exten¬ 
sionai tectonics in the Ganga Plain are in the form of 
W-E trending faults which have affected the basement 
as well as the sediment cover and are mostly sites of the 
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important rivers^’^. They are developed as step faults\ 
similar to the half-graben structures. The conjugate 
fracture sets make acute angles to the W-E tectonic 
trend and represents accommodation zones^^ in this part 
of the basin. We propose here that an intense tectonic 
activity in the southern part of the Ganga Plain took 
place after 9 ka as the fractures cut across the datable 
calcrete conglomerate. The same fractures have also 
affected the overlying silty clay horizon which may have 
been deposited until about 5 ka. Thus the tectonic activ¬ 
ity producing open fracture in this area may be younger 
than 5 ka. 

Some attempts have been made to put age constraints 
on the geomorphic changes and soil evolution related to 
the neotectonic activity in the northern part of the Ganga 
plain^^’^; and activity along the faults in the northwest¬ 
ern part of the Ganga plain^"^. However, the present 
study provides date to a fracture system affecting a dat¬ 
able horizon in the southern part of the Ganga plain. 
More detailed studies of the neotectonic activity in the 
Ganga plain are required to understand the regional 
tectonic framework. 
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Landslide hazard analysis of the area 
around Dehra Dun and Mussoorie, 
Uttar Pradesh 

Sambhu V. Panikkar and V. Subramanyan 

Department of Earth Sciences, Indian Institute of Technology, 
Powai, Mumbai 400 076, India 

Landslides are a common natural hazard in moun¬ 
tainous terrain like the Himalaya. In the present 
study, an area of 445 sq km around Dehra Dun and 
Mussoorie in Uttar Pradesh has been considered for 
landslide hazard analysis on a geomorphological ba¬ 
sis. The analysis involves classification of the terrain 
into homogeneous units (terrain mapping subunits) 
based on relevant geomorphic parameters, and con¬ 
sequently the geomorphic processes including occur¬ 
rence of landslides. The hazard in these units is 
evaluated on the basis of field settings. Decision rules 
for the allotment of a hazard score to a unit have 
also been framed. The data on geomorphological 
complexes, lithology, drainage density, relief and 
landslide distribution were used in a geographical 
information system (CIS) for the analysis. A final 
landslide hazard map with four classes-very high, 
high, low and very low has been prepared. Such a 
map proves extremely useful as a first generation 
map for planning detailed surveys in the high hazard 
areas. The effect of human interference on the envi¬ 
ronment, particularly depletion of the forest cover 
has been studied. The landuse/land cover data for a 
period of 60 years were analysed in a GIS to study 
the changes in the forest cover. The forested areas 
account only for 9% of the landslide occurrence. 
About 60% of the landslides are in non-forested ar¬ 
eas that were forested in 1930. 

Landslides are one of the many natural hazards that 
can affect human population adversely. They may range 
in size from small slides causing only minor problems to 
gigantic ones resulting in destruction of life and prop¬ 
erty. Landslide studies have traditionally been carried 
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out on a geotechnical basis on a site investigation scale. 
However, when it comes to an analysis of a large area of 
the order of a few hundreds of square kilometres, the 
geotechnical approach is impractical. This is due to the 
large variability of the geotechnical data such as angle 
of internal friction, cohesion, thickness of soil cover, 
etc. The data pertaining to these parameters are conse¬ 
quently scantily available for a large area. The spatial 
variation of the causative factors can be analysed to as¬ 
sess the landslide occurrences. These causative factors 
can be broadly grouped as geological, geomorphological 
and anthropogenic. The geomorphological approach to 
landslide hazard analysis has been used in the present 
work. An area of about 445 sq km between the latitudes 
N30°I5' and 30°30', and longitudes E78°0' and 78°10' 
in the Dehra Dun and Tehri-Garhwal districts of Uttar 
Pradesh, India, was considered for this study (Figure 1). 

Landslide hazard zonation (LHZ) involves classifica¬ 
tion of terrain into units based on its susceptibility to the 
occurrence of landslides. This is based on the assump¬ 
tion that the slides that have occurred in the past can 
provide information to be used in the prediction for the 
future. This necessitates a thorough analysis of the vari¬ 
ous parameters that might have served as possible 
causes for the occurrence of landslides. The combina¬ 
tion of these parameters in areas where landslides have 
already occurred is studied, and then extrapolated to 
other areas with similar combinations. The amount of 
data involved in such cases becomes too large to be 
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handled manually. This demands the use of a Geo¬ 
graphical Information System (GIS). 

The approach to LHZ can be of two kinds- 
qualitative and quantitative. The qualitative approach is 
more subjective, and is based on a set of ^decision rules' 
framed by the geomorphologist on the basis of an un¬ 
derstanding of the terrain. There are several studies in 
this field'"^. Quantitative methods, on the other hand, 
aim at a ‘greater degree of objectivity and better repro¬ 
ducibilityHere, statistical methods are used to de¬ 
velop quantitative weights. These methods include, 
among others, landslide susceptibility analysis, infor¬ 
mation value method, and weight of evidence modelling. 
The present study is a demonstration of the qualitative 
approach, namely the geomorphic landslide hazard 
analysis. 

Several workers have dealt with the regional geologi¬ 
cal aspects of the Himalaya in general and the Lesser 
and Sub-Himalaya, in particular^"’. The Lesser Hima¬ 
laya is bounded by the Main Boundary Thrust (MBT) in 
the south and the Main Central Thrust (MCT) in the 
north. Between these two thrusts, the Lesser Himalaya 
comprises several thrust sheets. The Krol Thrust has 
brought the various litho-stratigraphic units of the Krol 
Belt, namely the Mandhali, Chandpur, Nagthat, Blaini, 
Krol and Tal formations over one of the three Early 
Tertiary formations, namely Subathu, Dagshai and Ka- 
sauli, or on the Siwalik Group. The study area includes 
the Mussoorie Syncline and part of the Boon Valley, 
The lithological units present in the study area are: 
gravels (Boon gravels), sandstone (Middle Siwalik Sub¬ 
group), quartzite (Tal Formation), limestone (Krol For¬ 
mation), slate and conglomerate (Blaini Formation), 
quartzite (Nagthat Formation), intercalated slate and 
quartzite (Chandpur Formation), slate (Mandhali For¬ 
mation). 

The lesser Himalayan formations dip NE on the 
southern slopes and SW on the northern slopes of the 
Mussoorie Hill, thus making it a synclinal hill. They 
have been thrust over the Siwalik Sandstone along the 
MBT. The stratigraphic succession is shown in the geo¬ 
logical map, which was prepared by modifying the exist¬ 
ing maps*'®, with inputs from aerial photographs, 
satellite images and field checks (Figure 2). 

The geomorphic evidences of neotectonic activities 
include the diversion of streams by massive landslides, 
uplifted terraces, entrenched rivers and the presence of 
zones of active landslides'®. The Song river to the east 
of Dehra Dun flows north-west before taking an abrupt 
right-angled bend, cutting across the strike of the Lesser 
Himalayan formations and then flows south. The Baldi 
Nadi joins the Song from the north, resulting in a con¬ 
spicuously long straight segment. The abrupt increase in 
the elevation of the Lesser Himalayan formations to the 
east of these rivers and the presence of massive land¬ 
slides and huge triangular facets, formed out of an initial 
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Figure 2. Geological map of the study area (Modified after Rupke^ 
and Valdiya^). 


Figure 3. Geomorphological map of the study area (After Panikkar 
and Subramanyan^^). 


fault scarp all along the river course suggest the possi¬ 
bility of an active fault (Sairku Fault). 

A distinctive feature of the rivers in the Doon valley is 
their deeply entrenched nature. Valley cross profiles 
across the various rivers indicate that the side bank ele¬ 
vations vary from 20 m to as high as 100 m. This is 
substantially high for the rivers that have reached the 
plains, where one would normally expect the braided 
river channels. The tributaries to the Song river flowing 
from the Raipur ridge eastwards are suddenly incised to 
join it at the same elevation. Three levels of terraces 
have been picked up on the aerial photographs. These 
have been marked on the geomorphic map (Figure 3). 
The deeply entrenched nature of the rivers is a signifi¬ 
cant evidence for the uplift of the Doon valley. 

The study area encompasses three geomorphic com¬ 
plexes, namely structural hills, residual hills and plains 
(Figure 3). The relief is about 1700 m, with the eleva¬ 
tion rising from 600 m to over 2300 m. The massive 
limestone and quartzite form tough ridges, whereas the 
slate forms the gentler spur slopes. The steepest slopes 
are in the structural hills, whereas they are moderate in 
the residual hills and gentle in the plains. The drainage 
density and frequency are lowest in the plains due to 
higher infiltration of water in the alluvium. The values 
are highest over the slate and quartzite. The plains and 


the gentler spur slopes are mostly cultivated. The south¬ 
ern slopes of the Mussoorie Hills are more barren than 
the northern slopes primarily due to the greater concen¬ 
tration of anthropogenic activities in the area between 
Dehra Dun and Mussoorie. 

The landslides in the area include debris slides, rock 
slides and river bank slumping. These are either natu¬ 
rally-occurring ones or the result of anthropogenic ac¬ 
tivities like quarrying, construction of roads and 
buildings, etc. Seventy five landslides were identified in 
all from the aerial photographs and SPOT images. The 
debris from the slides block the road to Mussoorie, es¬ 
pecially after the rains. This is a significant aspect, par¬ 
ticularly because of the fact that Mussoorie is a 
prominent hill station. The landslides along the Song 
river section are active ones. 

The remote sensing data products, namely the aerial 
photographs and SPOT PLA and MLA images were 
used to delineate the three geomorphic complexes. The 
topographical map on the scale of 1:50,000 was used to 
collect data on the relief and drainage density. These maps, 
along with the geological map and landslide distribution 
map were then digitized and rasterized to be used in a 
GIS environment. The raster size was 400 rows and 232 
columns, with a spatial resolution of 68.53 m. 
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Table 1. Terrain mapping complexes, units and subunits 

100 Structural Hills (SH) 

110 SH in Tal quartzite 

115 Medium drainage density and medium relief 

116 Medium drainage density and high relief 

118 High drainage density and medium relief 

119 High drainage density and high relief 

120 SH in Krol limestone 

121 Low drainage density and low relief 

122 Low drainage density medium relief 

124 Medium drainage density and low relief 

125 Medium drainage density and medium relief 

126 Medium drainage density and high relief 

128 High drainage density and medium relief 

129 High drainage density and high relief 

130 SH in Blaini slate 

134 Medium drainage density and low relief 

135 Medium drainage density and medium relief 

136 Medium drainage density and high relief 

140 SH in Nagthat quartzite 

142 Low drainage density and medium relief 

144 Medium drainage density and low relief 

145 Medium drainage density and medium relief 

146 Medium drainage density and high relief 
148 High drainage density and medium relief 

150 SH in Chandpur slate 

151 Low drainage density and low relief 

152 Low drainage density and medium relief 

154 Medium drainage density and low relief 

155 Medium drainage density and medium relief 

156 Medium drainage density and high relief 

160 SH in Mandhali slate 

165 Medium drainage density and medium relief 
170 SH in Siwalik sandstone 

174 Medium drainage density and low relief 

175 Medium drainage density and medium relief 
180 SH in Doon gravel 

181 Low drainage density and low relief 

184 Medium drainage density and low relief 

185 Medium drainage density and medium relief 

200 Residual Hills (RH) 

250 RH in Chandpur slate 

251 Low drainage density and low relief 

254 Medium drainage density and low relief 

255 Medium drainage density and medium relief 

270 RH in Siwalik sandstone 

274 Medium drainage density and low relief 

275 Medium drainage density and medium relief 
280 RH in Doon gravel 

282 Low drainage density and medium relief 

284 Medium drainage density and low relief 

285 Medium drainage density and medium relief 
300 Plains (PL) 

350 PL in Chandpur slate 

351 Low drainage density and low relief 

354 Medium drainage density and low relief 

355 Medium drainage density and medium relief 

370 PL in Siwalik Sandstone 

374 Medium drainage density and low relief 

380 PL in Doon gravel 

381 Low drainage density and low relief 

384 Medium drainage density and low relief 

385 Medium drainage density and medium relief 


The geomorphological landslide hazard analysis is 
normally attempted on a regional scale covering large 
areas. The basic idea is to divide the area into homoge¬ 
neous units and assess the landslide potential in these 
units. Based on the field knowledge, each unit is given a 
subjective hazard score like very high, high, low, etc. 
Thus the crux of the analysis is terrain classification and 
regrouping the units into hazard classes. Several meth¬ 
ods of terrain classification exist. Meijerink^^ has devel¬ 
oped a terrain classification system based on the 
delineation of terrain mapping units (TMU). A TMU is 
defined as ‘a unit which groups zones of inter-related 
landform, lithology and soi^^^ This approach has been 
successfully used in various geomorphological and en¬ 
gineering geological applications. In the present study, 
the TMU approach was chosen. 

The first step is the identification of the terrain map¬ 
ping complexes (TMC) based on the main origin of the 
features. The structural hills, residual hills 
and plains were identified as the three TMC from the 
remote sensing media. Each TMC was then divided into 
TMU based on the lithology. For this, the TMC map 
was overlaid on the lithological map and the 
unique combinations were recorded, which resulted in 
14 TMU. These TMU were subdivided into terrain 
mapping subunits (TMS) based on the drainage density 
and relief. The TMU map was overlaid on the drainage 
density and relief maps, and 45 TMS were identified. 
These units are homogeneous in terms of the lithology, 
soil types, drainage density, relief and geomorphic proc¬ 
esses (occurrence of landslides). A three-digit coding 
system was used to identify each of these units. 
The first, second and third digits represent the TMC, 
TMU and TMS respectively. The codes are given in 
Table 1. 

The TMS map was recorded into four hazard classes - 
very high, high, low and very low, based on the field 
observations. The allotment of a particular score to 
a TMS was based on a knowledge of the field settings 
of the TMS. Thus, for example, the TMS 142 (structural 
hills in Nagthat quartzite with low drainage density 
and medium relief) was grouped as hazard class 1 (very 
high). The proximity of this unit to the active 
faults, presence of huge and steep triangular fault 
scarps, and the fact that it overlies the weaker and 
sheared slates . (stratigraphic control) necessitated 
this. These factors were formulated as a set of decision 
rules for each TMS. Table 2 lists the decision rules 
for the allotment of the hazard scores to the various 
TMS in the very high and high hazard categories. The 
analysis is essentially on a qualitative basis. However, 
the landslide density in the TMS can also be used 
to regroup them into hazard classes. The landslide 
density was calculated by cross-tabulating the TMS 
map with the landslide distribution map. This is given 
by: 
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Darea = 1000 X 


N,iASXt) 


where Darea is the area density in permillage; (SXi) is 
the number of pixels with landslides within a TMS and 
Npi^iXi) is the number of pixels within a TMS. 

The landslide density values are given in Table 2. 

It was found that 22.4 sq km, i.e. 5.1% of the study 
area figures in the highest hazard category. The area- 
wise distribution of the different hazard categories is 
shown in Table 3. The final hazard map (Figure 4) 
shows that the structural hills in Nagthat Quartzite 
where they form medium relief have the greatest poten¬ 
tial (very high) to the occurrence of landslides. This 
zone marks a corridor along the MBT and the Sairku 
Fault, indicating that these active faults have had a 
dominant role to play in the initiation of landslides. The 
fact that the quartzite overlies the weaker and sheared 
slate (Chandpur) is another significant aspect. The high 
hazard category includes the structural hills in the 
sheared Chandpur Slate in areas of medium drainage 
density and medium relief and structural hills in the Krol 
Limestone, especially in the abandoned quarries. The 
residual hills in the Doon Gravel also figure in the high 


Table 2. Decision rules for qualitative hazard analysis 


TMS 

code 

Hazard 

score 

Area density 
(permillage) 

Decision rule 

142 

VH 

34.99 

Proximity to Sairku fault, presence 
of steep fault scarps, overlies 
weaker and sheared slate 

145 

VH 

28.81 

Proximity to Sairku fault and 
stratigraphic control 

148 

VH 

22.56 

Proximity to MBT, stratigraphic 
control 

155 

H 

16.58 

Proximity to MBT, highly sheared 
nature in areas of medium relief 

126 

H 

14.96 

Areas of oversteepened slopes left 
in abandoned quarries, high relief 

129 

H 

12.10 

Rare combination of high 
drainage density and high relief 
in Krol Limestone 

285 

H 

11.81 

River bank slumping along deeply 
entrenched rivers 

146 

H 

10.60 

High relief areas in Nagthat 
quartzite 

135 

H 

10.56 

Slates in medium relief areas 


VH, Very high hazard; H, High hazard. 


Table 3. Area-wise distribution of hazard classes 


Hazard group 

Area in sq km 

Percentage 

Very low 

275.2 

62.4 

Low 

81.5 

18.4 

High 

62.1 

14.1 

Very high 

22.4 

5.1 



Figure 4. Landslide hazard zonation map. Red, very high hazard; 
Brown, high hazard; Yellow, low hazard; Green, very low hazard. 


hazard category because of the river bank slumping 
along the deeply entrenched rivers. The rest of the area 
in the structural hills is relatively free of landslides and 
hence falls in the low hazard category. The plains form 
the lowest hazard group. 

The TMS delineated have been assumed to be homo¬ 
geneous in terms of the occurrences of landslides, be¬ 
sides lithology, soil, drainage density and relief. To test 
this, the TMS were cross-tabulated with the landslide 
density values calculated pixel-wise for the entire area. 
The analysis showed that for some of the units, the 
variation in the landslide density values was large. The 
TMS with high area density values showed large varia¬ 
tions in the landslide density, indicating that the slides 
are concentrated in certain parts of the units. Similarly, 
the TMS 125 is a large unit in terms of its areal extent, 
and consequently has a large internal variation. This 
suggests that not all the units can be considered homo¬ 
geneous in terms of the landslide occurrence. The rea¬ 
son for this is that the anthropogenic parameters like 
quarries, roads, etc., have not been considered in the 
terrain classification. These attributes too have a role to 
play in the initiation of landslides. 



Figure 5. Forest cover in 1930, 1960 and 1990. 
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In today’s world, man has proved to be an important 
agent bringing about changes in the natural processes 
around him through intense ‘developmental’ activities. 
This has led to a rapid urbanization of more and 
more areas. The Himalaya has not been an exception, 
and the effects of the unprecedented anthropogenic ac¬ 
tivities are discernible here as well. The townships of 
Dehra Dun and Mussoorie are frequented by hundreds 
of tourists every year. This is the reason for the in¬ 
creased activities in the area in terms of road and 
building constructions. Moreover, there has been 
indiscriminate quarrying of limestone for several dec¬ 
ades. These activities have led to the continued diminu¬ 
tion of the once-dense forest cover in the area. Improper 
landuse practices in these depleted forests have only 
served to compound the situation. The impact of 
anthropogenic activities on the environment, particularly 
with reference to the depletion of forest cover over a 
period of 60 years from 1930 to 1990, has been 
assessed in the present study. The effect of deforestation 
on the initiation of landslides in the area has been 
studied. 

The changes in the landuse/land cover (LU/LC) cate¬ 
gories in the area over six decades were analysed 
through data collected from the topographical maps and 
the remote sensing media. The topographical maps 
based on the surveys carried out in 1930 (1:63,360 
scale) and 1960 (1:50,000 scale) and the aerial photo¬ 
graphs of the year 1960 were used to prepare the LU/LC 
maps for these two periods. The SPOT (MLA) False 
Colour Composite (FCC), PLA imagery and the digitally 
processed images of IRS (LISS II) and SPOT (MLA) 
were used to classify the area based on the LU/LC cate¬ 
gories of 1990. 

The LU/LC maps pertaining to the three different 
years were digitized and rasterized to the same pixel 
resolution of 68.53 m to be used in a GIS. The analysis 
was carried out in two stages; the first one dealing with 
the changes from 1930 to 1960, and the second from 
1960 to 1990. The forested regions pertaining to the 
years 1930, 1960 and 1990 were extracted and analysed 
to identify three categories, namely unchanged forests, 
depleted forests and new forests. The current landuse 
practices in the depleted forest areas were then deline¬ 
ated to understand the possible causes for deforestation. 
Figure 5 shows the forest covers in 1930, 1960 and 
1990. 

In 1930, the forest cover accounted for 45% of the 
study area (198.89 sq km). Within a period of 30 years, 
by 1960, it was reduced to 150.81 sq km (34% of the 
area). Figure 6 a shows the landuse practices in 1960 in 
the depleted forest areas. Between 1960 and 1990, the 
forest cover was further and more drastically reduced to 
18.74% of the study area (82.7 sq km). The current lan¬ 
duse practices in these depleted forest areas are shown 
in Figure 6/?. 
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From the two analyses, it can be concluded that a total 
of 157.09 sq km of forest was depleted during the period 
from 1930 to 1990. The current landuse practices in 

LU/LC of 1900 in depleted forests of 1930 

a 


Quarry 

2 % 



LU/LC of 1990 in depleted forests of 1960 


Cultivated land 15% 



LU/LC of 1990 in depleted forests of 1930 



Figure 6. Landuse practices in depleted forest areas. 
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these depleted forests from 1930 are shown in Figure 
6 c. From the Figure, it is clear that a substantial amount 
of the forest has been cleared for cultivation (22%). The 
urbanization has resulted in a loss of forest in 4.28 sq 
km. 1% of the forested area was lost to quarries. The 
maximum forest cover has probably been removed for 
the economic value of sal, ban], pine and fir, which 
form the dominant vegetation in the area. This is indi¬ 
cated by the fact that 36% and 38% of the depleted for¬ 
ests are currently barren and with sparse vegetation 
respectively. 

The relevance of deforestation in the context of ini¬ 
tiation of slope instability phenomena was also analysed. 
The depleted forest map was cross-tabulated with the 
landslide distribution map to find out whether there is 
any relation between the two. It was found that 60.27% 
of the landslides are in non-forested areas that were for¬ 
ested in 1930. The forest cover that has remained un¬ 
changed for 60 years (since 1930) was seen to account 
only for 2.9% of the total slides. This undoubtedly 
proves that deforestation has had a major say in the in¬ 
cidence of landslides in the area. Of the landslides in the 
depleted forest areas, 35.23% are in barren land, 
17.21% in sparsely vegetated areas, 3.3% in cultivated 
lands and 4.5% in quarries. 

The distribution of landslides in the various LU/LC 
classes was studied by cross-tabulating the LU/LC map 
with the landslide distribution map. Significantly, the 
forested areas account only for 9% of the landslide oc¬ 
currences. The majority of the slides (65%) are in the 
sparsely-vegetated areas. The landslide occurrence in 
the cultivated lands, though not significantly high (4%), 
represent improper landuse practices. The artificially 
over-steepened slopes in the abandoned quarries are 
particularly susceptible to landslide occurrences, and 
account for 10% of the total slides. The urban areas are 
relatively safe because Dehra Dun is located on the 
plains. Interestingly, the road-cuts have not served to 
contribute towards the initiation of major slides, al¬ 
though there are several minor ones all along the road 
from Mussoorie to Dehra Dun. 


The present study has been a demonstration of geo- 
morphological landslide hazard analysis. This can be 
conveniently attempted for hazard zonation over large 
areas when the geotechnical parameters are scantily 
available. Terrain classification and evaluation of the 
hazard in the resultant units based on the geomorpholo¬ 
gist’s understanding of the area form the essence of the 
analysis. Four hazard classes have been identified in the 
area around Dehra Dun and Mussoorie. Such hazard 
maps can serve as first .generation maps while planning 
developmental activities in an area. Detailed engineer¬ 
ing geological studies can then be attempted in the high 
hazard regions. However, there may be parameters other 
than the ones considered in the analysis, which may 
have a say in the initiation of landslides. The present 
work is also a demonstration of how temporal studies ol 
dynamic features like the landuse/land cover can help in 
understanding the causes of deforestation and the ef¬ 
fects, Measures can then be initiated to check deforesta¬ 
tion. Similarly remedial measures can be undertaken in 
the deforested areas. 
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Resonance of Ramanujan’s Mathe¬ 
matics. Vols. I & II. R. P. Agarwal. 
New Age International (P) Ltd. 
4835/24, Darya Ganj, New Delhi 
110 002, 1996. Price: Rs 450 for each 
volume. 


This two-volume work concerns some 
of the results of Srinivasa Ramanujan 
(1887-1920), the renowned Indian 
mathematician, recorded in his famous 
Notebooks, which continue to be a 
perennial source of inspiration for gen¬ 
erations of mathematicians. Ramanujan 
recorded 3254 results or theorems 
in three notebooks, from 1903 to 
1914. 

Volume I has five chapters. Chapter 1 
concerns certain summation and asymp¬ 
totic formulae for generalized (ordinary 
and basic) hypergeo metric series. 
Chapter 2 is on Rogers-Ratnanujan 
identities. Chapters 3-5 deal with cer¬ 
tain definite integrals of interest to 
Ramanujan. 

In Chapter 1, the author presents a 
major part of Ramanujan’s systematic 
work on ordinary hypergeometric series, 
an independent rediscovery of the work 
of others - like the 7 ^ 6 ( 1 ) summation 
formula of Dougall (1907) and particu¬ 
lar cases of this sum, such as, Pfaff 
(1797) - Saalschiitz (1890) theorem for 
the 3F2(1) and the Gauss and Kummer 
summation theorems for the 2 ^i(l) and 
the 2 ^i(-l). respectively, and Dixon’s 
summation theorem for a well-poised 
3F2(1). Ramanujan’s entries in his Note¬ 
books concerning the deep results on 
the asymptotic relations for finite num¬ 
ber of terms of a variety of ordinary 
hypergeometric series, which center 
around the behaviour of the logarithmic 
solutions of the hypergeometric differ¬ 
ential equation are presented. 

Chapter 2 deals with the derivations 
of the celebrated Rogers-Ramanujan 
identities, their combinatorial interpre¬ 
tations, their generalizations and their 
applications in statistical mechanics. 
The identities were independently found 
by Rogers (1894) and Ramanujan 
(1913). There are several proofs of these 
identities now due to I. Schur (1917), 
G. N. Watson (1929); combinatorial 
interpretations due to P. A. MacMahon 
(1916) and analytic generalizations due 
to W. N. Bailey (1947, 1948, 1951) and 
L. J. Slater (1951, 1952). B. Gordon 


(1961) defined an infinite family of 
combinatorial identities generalizing the 
two Rogers-Ramanujan identities, pav¬ 
ing the way for a whole host of combi¬ 
natorial theorems associated with these 
identities. More recently, using only 
properties of arithmetic, A. Garsia and 
S. Milne (1981), converted a proof due 
to Schur into a combinatorial proof and 
discovered in the process a basic com¬ 
binatorial fact, now named as the Gar- 
sia-Milne involution principle. As 
Hardy has stated: ‘None of these proofs 
can be called both “simple” and 
“straightforward”, since the simplest are 
essentially verifications and no doubt it 
would be unreasonable to expect a 
really easy proof.’ These identities arise 
naturally in R. J. Baxter’s solution of 
the two-dimensional Hard Hexagon 
Model in Statistical Mechanics (1980). 
This led G. E. Andrews, P. J. Forrester 
and R. J, Baxter to study the eight- 
vertex solid-on-solid (SOS) model and 
to further generalize Rogers-Ramanujan 
type identities. All these interesting 
mathematical developments have been 
very well described in this cogently 
written chapter. 

The next three chapters of Volume I 
deal with some of the integrals studied 
by Ramanujan. Definite integrals asso¬ 
ciated with Fourier transforms and self¬ 
reciprocal functions given in Ramanu¬ 
jan’s ‘lost’ Notebook, are the contents 
of Chapter 3. Agarwal has shown how 
some of Ramanujan’s results on inte¬ 
grals in his Notebooks can be estab¬ 
lished with the help of other entries of 
his, that every given entry in the Note¬ 
books by him has a purpose, although 
sometimes a particular entry may look 
out of context at the first instance, ..,We 
have advocated elsewhere also that it 
may be interesting many a times to try 
to prove ‘unproven’ entry of Ramanujan 
with the help of some other entry given 
by him earlier or later on. 

Chapter 4 is focused on Ramanujan’s 
Master Theorem for the evaluation of 
definite integrals, viz.: 

J Jc''“'F(;c)d;c = T{n)(p{-n), 

0 

where 




k\ 


in some neighbourhood of x = 0 and for 
n not necessarily a positive integer. The 
three quarterly reports submitted by 
Ramanujan to the Madras University, as 
a requirement stipulated by the Uni¬ 
versity for awarding him the First Re¬ 
search Scholarship in Mathematics 
(even though he had no formal degree 
or qualification), contain various appli¬ 
cations of this theorem to the evaluation 
of a huge variety of integrals and ex¬ 
pansion formulae. The appropriate 
conditions of convergence for its valid¬ 
ity have been provided by Hardy in his 
lectures contained in Ramanujan: 
Twelve Lectures on Subjects Suggested 
by his Life and Work (Cambridge Univ. 
Press, 1940). The ^-extension of the 
Master Theorem by Jackson (1951) and 
its extension to two variables by R, P. 
Agarwal (1974) are presented. The fun¬ 
damental gamma and beta functions of 
mathematical analysis have been ingen¬ 
iously extended by Ramanujan and 
these are related to the ‘incomplete’ 
gamma and beta functions (in which the 
upper limit of the integrals is finite and 
not oo). The < 7 -extensions of these works 
by several mathematicians including 
J. Thomae (1879), F. H. Jackson (1904), 
R. Askey (1978), Andrews and Askey 
(1981), A. Verma and V. K. Jain (1992) 
are presented. 

Chapter 5 is devoted to the study of 
integrals of the type 

1^7^-dt • 

Je"+^/ 

for particular values of a, b, c, d, 
evaluated by Ramanujan. Mordell 
(1933) classified these according to the 
values of the parameters and evaluated 
them in terms of Jacobi’s theta and 
other related functions, using the 
method of complex contour integration, 
Agarwal presents the general method of 
evaluation of different standard forms of 
this integral and relates them to those 
studied by Ramanujan, who used trans¬ 
form calculus to evaluate his integrals. 
Integrals associated with Riemann’s 
zeta functions and elliptic modular rela¬ 
tions are not discussed, as pointed out 
by the author himself. The chapter con¬ 
cludes with the mention of Ramanujan’s 
formal deduction of a definite integral 
with fractional derivatives, based on his 
Master theorem, which agrees with the 
classical definition of Liouville. 
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In Volume II, Agarwal presents a 
critical appraisal of Ramanujan’s ex¬ 
tensive and intriguing work on elliptic 
functions. Results pertain to theta func¬ 
tions, partial theta functions, ‘mock’ 
theta functions (discovered by Ramanu¬ 
jan during the last year of his life on his 
return to India), as well as Lambert se¬ 
ries and their relationship with elliptic 
functions, mock theta functions and 
allied functions. While theta functions 
and partial theta functions are covered 
in chapter 1 of this volume and Lambert 
series and related functions are dealt 
with in chapter 5, the major part of this 
volume is concerned with the ‘mock’ 
theta function results of Ramanujan, 
presented in three extensive chapters ( 2 , 

3 and 4), contained in the ‘lost’ Note¬ 
book, discovered by George E. Andrews 
in 1976. 

After giving the definitions of the 
four Jacobi theta functions and the 
‘false’ theta functions (viz. theta func¬ 
tions with the ‘wrong’ signs for the 
terms) defined by L. J. Rogers, Agarwal 
introduces the Ramanujan notation for 
the theta function in terms of the sym¬ 
metric function: 

f{a,b) = +b^),\ab\<\. 

In terms of this symmetric function, 
Ramanujan defines: 

/C^e^'^ = 9iiz, q), 

where 

q = e'^'^ and 1^1 < 1 . 

Several general properties of the func¬ 
tion/(a, b) are then presented. Jacobi’s 
triple product identity and other such 
identities due to D. Hickerson (1988) 
and G. E. Andrews and D. Hickerson 
(1991) are derived explicitly, due to 
their importance to simplify calculations 
in later chapters on ‘mock’ theta func¬ 
tions. A number of theta function ex¬ 
pansions in the ‘lost’ Notebook pertain 
to ‘partial’ theta functions. Some of 
these are stated and G. E. Andrews 
(1981) derived a general basic hyper¬ 


geometric identity and showed the re¬ 
sults of Ramanujan as special cases of 
it. 

Ramanujan defined four third order 
mock theta functions and to this set 
three more were added by Watson. Wat¬ 
son used the transformations of basic 
hypergeometric series for obtaining new 
definitions for all the seven functions. 
Agarwal himself has contributed sig¬ 
nificantly to the theory of mock theta 
functions by showing that most of the 
general identities of Andrews (referred 
above) belong to a very general class of 
basic hypergeometric transformations. 
His results are presented and those of 
Andrews deduced from them. Further¬ 
more, Agarwal defines the third order 
mock theta functions in terms of 2^1 
basic hypergeometric series and deduces 
many of the mock theta function prop¬ 
erties from the well-known properties of 
the Ramanujan gave ten mock theta 
functions of order five, in two groups of 
five each, and three functions of order 
seven. He asserted that the members of 
each of the two groups of mock theta 
functions of order five are related 
amongst those belonging to the same 
group only, while the three mock theta 
functions of order seven are not related 
to each other. The works of Andrews, 
Agarwal and M. Gupta on the mock 
theta functions of order five are pre¬ 
sented in detail. A. Gupta and Agarwal 
showed that mock theta functions of 
order five and seven are defined through 
basic hypergeometric series of type 3 O 2 
and 4 O 3 . They have also made attempts 
to develop the theory of the above types 
of basic hypergeometric series to obtain 
new transformations and definitions for 
certain mock theta functions of orders 
five and seven. It is pointed out that the 
absence of a general transformation 
theory for the 3 O 2 (a, b, c; e,f\ z) series 
[except when the argument ^ is ^ (the 
base parameter itself) or ef/abc], is the 
main reason why there exists no general 
transformation theory for mock theta 
functions of order five. 

Observations of Agarwal on the rela¬ 
tionship between the mock theta func¬ 
tions and the basic hypergeometric 
series lead him to define: the order of a 
mock theta function as (2r + 1 ) if it is 


expressible in terms of a series, on 
a single base q^, k < r + \ . There may be 
in the definition of the mock theta func¬ 
tion an additive term with r+i^r consist¬ 
ing of 6-products, which do not affect 
the order. While this is an interesting 
observation by itself, it is simplistic, to 
say the least. For, mystery still sur¬ 
rounds the incomplete work of Ramanu¬ 
jan in this area, contributing to the 
belief that Ramanujan was working on a 
general theory of mock theta functions, 
whose preliminary results are the ones 
in the ‘lost’ Notebook of his and that he 
was snatched away by fate before he 
could reveal his grand scheme! 

This two-volume work of Agarwal is 
a deep study of some of the work of 
Ramanujan on ordinary and basic hy¬ 
pergeometric series, on definite inte¬ 
grals and theta, partial theta and mock 
theta functions. It is very original in 
parts and the author has consciously 
tried to have a minimum overlap with 
the extensive five-part exposition in 
detail of all the results in the Notebooks 
of Ramanujan by Bruce C. Berndt. (The 
author’s reference to these Parts I to V 
as the Berndt Notebooks is unfortunate, 
especially in view of the significance of 
the Ramanujan Notebooks and the ‘lost’ 
Notebook, which are the source materi¬ 
als for both Berndt and Agarwal.) This 
work supplements the comprehensive 
work of Berndt and presents, in as co¬ 
herent a way as is possible, the work of 
Agarwal and his school of students and 
coworkers, in particular, • in the proper 
perspective of the evolution of the sub¬ 
ject dealt with. 

Some of the notations are in every 
chapter and this could have been 
avoided. The absence of an index at the 
end of the book will prove to be a 
handicap. 

It is a valuable supplement for the re¬ 
search scholar and for mathematicians 
who wish to understand the ‘how’ and 
‘why’ of what Ramanujan did. This 
book is a must for all mathematics de¬ 
partmental libraries. 

K. Srinivasa Rao 

The Institute of Mathematical Sciences, 
Chennai 600 113, India 


CURRENT SCIENCE, VOL. 73, NO. 12, 25 DECEMBER 1997 


1125 



BOOK REVIEWS 


Coral Reef Fishes: Caribbean, Indian 
Ocean and Pacific Ocean including 
the Red Sea. Ewald Lieske and Roberts 
Myers. Princeton University Press, 41 
William Street, Princeton New Jersey 
08540, USA. 1996. 400 pp. 


Coral reefs are massive structures built 
by Scleractinids, all of which have 
limestone skeletons. Reef-building re¬ 
quires ample sunlight, warm tempera¬ 
tures, high salinity (> 20 ppt), relatively 
sediment-free water, and a stable hard 
bottom for attachment. Coral reefs are 
best developed in shallow tropical seas 
and include also areas adjacent to reefs, 
where corals may occur, such as har¬ 
bours, bays, and rocky tidepools as well 
as reef-associated habitats such as sea- 
grass beds, sandy expanses, and open 
rocky bottoms. More than 4,000 species 
of fishes are known to inhabit coral 
reefs. This book is a comprehensive, 
handy guide to quickly identify 2,074 
species and includes over 2,500 colour 
illustrations, some of which also depict 
male, female, juvenile or geographical 
varieties of the species. It is authored by 
experts in diving and underwater pho¬ 
tography, and may help to quickly 
identify 1,700 coral fishes in the Indo- 
Pacific region and 350 western Atlantic 
species. The terminal scientific index 
may prove useful in quickening the 
identification process. 


Explosive growth of the marine 
aquarium hobby and scuba diving cer¬ 
tainly emphasizes the need for conser¬ 
vation of these rare coral resources. 
Scuba diving is one of the world’s fast¬ 
est growing sport; millions of Ameri¬ 
cans, Europeans and Japanese are 
certified divers. Most of them visit their 
favourite coral reef year after year. In 
the Caribbean and Maldives, the eco¬ 
nomic prosperity of entire nations de¬ 
pends on their underwater parks and the 
tourists they attract. Therefore, the book 
will be of great importance to marine 
aquarium keepers, scuba divers and 
countries interested in attracting tourists 
to marine parks. 

The text commences with the useful 
introduction to evolution and zoo¬ 
geography, ecology, sociology and spe¬ 
cial behaviour of coral fishes; it also 
provides a glimpse over dangerous ma¬ 
rine fishes and suggests the need for 
conservation of coral reef fishes. Fol¬ 
lowing the brief introduction, each of 
the 175 sections describes a dozen 
closely-related species; for each species, 
the description commences with the 
common name followed by the zoologi¬ 
cal name; morphological characters, 
which may help to instantaneously 
identify the species. This is followed by 
brief notes on its ecology and geo¬ 
graphical range of distribution. For each 
species, size is given in length and for 
some like the groupers, which grow to 
over 300 kg, weight is also given. The 


authors must be congratulated for giving 
a specific common name for each spe¬ 
cies. This can be appreciated from the 
following example. The family Po- 
macentridae includes a large number of 
species commonly known as dam¬ 
selfishes; identification key is provided 
for 231 damselfishes including 83 dam¬ 
sels, 43 chromies, 30 domoiselles, 28 
anemonefishes, 13 gregories, 12 ser¬ 
geants and 2 scalyfins and 2 devils; the 
authors have found the easily recogniz¬ 
able common names for all the 231 
damselfishes. 

For a few species like Bleekers dem¬ 
oiselle and Black demoiselle, the corre¬ 
sponding figures are not given. There 
are some mistakes; for example page 
162 ‘aquariums’. Since the book is also 
to be used by laymen, a couple of fig¬ 
ures to illustrate fringing reef, barrier 
reef and atoll could have been more 
useful. Likewise, a few photos of differ¬ 
ent corals could also have been more 
helpful. Still, the authors may be ap¬ 
preciated for an excellent job and the 
handy book will be very useful for all 
those interested in corals and reef 
fishes. 


T. J. Pandian 
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